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ABSTRACT

Witb the greatly increased rate of social and economic change in North America

since World War IL the flexible/adaptable bouse bas become an alternative to the

conventional single-familYt detaebed bousing that bath exceeds the needs and means of

Many noo-traditional households. Theories and exp~enceworldwide have shown that

bousing tlexibility that is based on user participation a1lows decision-makers to adapt

bousing projeâS to meet the changing general needs. Howevert technological bottlenecks

in the invention of new materials and techniques cao restrict tlexibility. This study

examines construction products that contribute to increased tlexibility in wood-frame

low-rise bousing.

Prefabrication bas been the construction industryts approach ta achieving housing

flexibility. The strategy bas been to incorplrate tlexibility ioto each subsystem or

component through the use of new materials and tecbnique5y in arder to create overall

building tlexibility. The research presented in this thesis shows that different products

olTer different levels of tlexibilityt and that combining them does not necessarily produce

greater overall tlexibility. Dy examining the positive and negative aspects of these

products, the autbor is able to suggest new directions for the development of future

innovations in housing tlexibility.
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RÉsUMÉ

Lorsque ('on considère la vitesse à laquelle se produisent les changements

économiques et soci~ la maison adaptable et flexible devient une nécessité. Les

théories et les expériences démontrent que la flexibilité de la maisoD, basée sur la

participation de l'utilisateur, permettrait une adaptation plus facile et plus satisfaisante à

des besoins changeants. Des restrictions techniques peuvent réduire les degrés de

flexibilité en ce qui concerne une réponse satisfaisante de la maison aux besoins de

l'occupant. Cette étude examine les produits utilisés en construction qui pourront

augmenter la flexibilité de la maison résidentielle à structure de bois.

Pour atteindre la flexibilité, la préfabrication a été la tendance principale de

l'industrie de la construction. En we d'obtenir la flexibilité ou l'adaptabilité generale de

l'édifice, la stratégie est de rechercher cette flexibilité à travers chacun des sous-systèmes

ou composants par l'utilisation de techniques et de matériaux nouveaux. La recherche

montre que des produits différents ont des niveaux différents de flexibilité et que tous ne

peuvent être combiné pour atteindre une plus grande flexibilité. Les aspects positifs et

négatifs des produits peuvent aussi nous indiquer de nouvelles directions pour le

développement des innovations futures.
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INTRODUCTION

This chapter is intended to provide readers with the necessary background and

approacb for tbe subject studied. In the rationale for tbe study, the author begins by

reviewing bousing problems and solutions. Later, the research question is stated and key

terms are defined to identify the general direction of the subjec:t. The content and target

audience of this research as weil as its scope and limitations, are outlined in the

objectives seâion. Finally, the proœdures for writing the report are summarized in the

section on methodology.

1.1 RATIONALE FOR THE STUDY

The main difficulty facing some Canadians is that they cannot afford adequate

and suitable housing. Housing affordability problems include increasing household

expendi~ increasing bousing priees, a disproportionate shelter costlincome ratio, and a

decline in the accessibility of bome ownership (Carter 1990). In fad, this phenomenon is

due 10 higber ÏDterest rates, higber COlt of serviced land, higher inftastrueture costs, and

increased real estate speculation (Rybczynski et al. 1990). In addition, the state and the

structure of the economy alsa have had a negative impact on job security, wage levels,

and employee benefits making homebuyers financially unstable. This statement is

especially true for young, first.ume buyers. Many low-incame eamers will have

difticulty finding atrordable and appropriate bousing. The outcome of this situation is

similar to wbat Medek (1994) bas described: "Potential buyers are becoming prudent

shoPPerS and they are often forced ta malte a trade-oŒ the need to balance desired

amenities and budgetary constraints ftequently result in lowered expeetatîons. Il

Special buyer groups have panicular spatial needs. Tbese are sbaped by socio-
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demographic changes such as the growing number of elderly people and of people living

alone; as weil as by the emergence of non-traditional famili~ which would include

single parent famili~ couples without children, and individuals living with others

(Figure 1.1). In fad, a CMHC report (Lewis 1997) shows that the size of households has

decreased from 4 people in 1961 to 2.7 in 1991, and the average household size will

range from 2.5 to 2.6 in 2016. Fifty six percent of the households have only 1 or 2

PeI'SODS (Statistics Canada 1996). This decrease in household size is due to the increase of

single parent families, empty nesters and couples who are waiting longer to have their

rast child. How do we house these people?

The income level ofa household also determines the choice of housing. Statistica1

data (CMHC 1991) indicates that single parent families and unanached iodividuals have

the lowest average incomes, particularly female single parent families with no eaming

members. They have an average income of $11,776, and 95% of them are living in

poverty. In consequence, more low-cost housing is required in order to bouse these

people with diverse family structures and incame levels.

The traditional housing types may Dot satisfy the needs of many non-traditional

families, and are often less atTordable. The amount of space required for each household

depends on its type and economic cbaracteristic. As mentioned above, demographic

changes bave caused a decrease in household size. The tendency to bave smaller families

bas a direct influence on the size of the dweUing unit (Fung 1993). Homebuyers

anticipate future needs when buying a home. Their demanda for changes in interior space

may relate 10 changes in future family size, in personal preference, or to the need for

independent rooms for special purposes. Therefore, il is important Dot only to identify the

real bousing needs of users, but also 10 translate them ioto a design strategy that

corresponds ta their socio-economic cbaracteristics within an atTordable housing context.

A builder's response ta the atTordability problem is to increase supply while

cuttiDg down on housing costs. Althougb bousing priees are atTected by socio-economic
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conditions, they are directly controlled by the cost of home building. According to a

study of The Homeownership Task Force of the United States League of Saving

Institutions in 1983, house priees have been affected by changes specifically related to

home size, construction and land costs, labor costs and regulatory costs (U.S. League of

Saving Institutions 1983). Given these cost factors, the builder understands that

atTordable homes can he made possible by constnlcting smaller buildings and

constructing buildings more quickly.

The objective of reducing casts is to develop a mass housins type that

accommodates the ditferent needs of a bomebuyer, while retainins a priee range that is

within the buyer's financial reach. Rybczynski et al. (1990) suggest that "The reduetion of

costs requires a careful consideration of three factors: ar~ complexity, and quality." If

buyers bave control over these three factors, they will have control over their final house

costs. The concept ofbousins tlexibility enables the builder to design interior Iayouts that

suit the buyer's specifications. Homebuyers are reducing costs by buyins ooly what they

need. This idea is discussed in the Eyaluation of AtIQrdable Bousins Pmjects Sayd op

the Gmw Home Copcept (Friedman and Cammalleri 1992):

Accounting for about one third of the total construction colts, the
finisbing operations in bousinS units are among the most labor
intensive. Hy aIlowing for a tlexible interior space, the timing and
magnitude of these costs cao he manipulated. By leaving the
second tloor unpartitioned al the time of purcbase, as an open loft
space for instance, a savinss of about S5,000 CID he achieved. The
space MaY then he finished by the owner at bis or her own
discretion.

The traditional approach to provide mass bousing is to design a Seneral model

that a majority of people will adapt. This is ooly a temporary solution sinee il does DOt

anticipate the future needs ofthe user. Il aIso Jacks flextbility in tenus ofatrordability and

quaIity because buyers bave little or no choice about the priee and the intaior finishes.
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New approacbes in atrordable bousing introduce the notion ofbuilding tlexibility.

Although cutting down on costs by mass production and by applying minimum standards

have been an alternative, the outcomes were often the sameness in styles and sometimes

led to funher restriction. As society changes towards the non-traditional family, more and

more people lack the resources that were once available to two income family units. The

house itself should be an active response ta the user's needs. A new housing approach is

then required to better control casts. This is possible by separating the ushell"

infrastructure and the "occupancy" components. The combioation of user participation

and building Oexibility helps to create more varidy, and gives users the satisfaction of

making a contribution which is in accordance with their own individual budget, creativity

and knowledge. The increase in user participation will have an impact on the housing

industry. For exampl~ the role of existing professionals will change. Builders MaY be

more concemed with the base building, wbile architects MaY assist users in design.

Manufaeturers will come up with packages for pre-design construction or post-design

modification (Warshaw 1974).

The combination of user participation and building Oexibility helps to create

many more varieties. The degree to which each user participates will difFer according

socio-demographic characteristics, budgets, and knowledge. The housing Oexibility

approach accommodates the freedom of layout and future changes, therefore, it is less

subjeet to rejection.

Given the demographic diversity and ditTerent needs of present-day homebuyers,

traditional housing is becoming less ..itable for the housing market. Bousing flexibility

aIIows a home to he built according to the occupant's specifications, and to their

satisfaction. A1though a builder (the most in8uential party in the home delivery process),

bas the capacity to otfer Oexibilityll teehnicallYlI it depends on a bouse's design and

physical structure. Over the put two decades, there bave been many tecbnica1 inventions

in low-rise wood trame bousing tbat bave changed the way we build 10 aUow greater
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tlexibility. New produets of housing tlexibility are being developed to increase user input

ioto the design process in order to acoommodate the needs of various users. However,

these innovations have rarely been put together for the purpose of finding the overall

building flexibility. Therefore, the whole area of flexible building systems, such as

Support and Infill components, is in need of further research. 1

1.2 LITERATURE REVIEW

In 1965, Habraken's SAR (Stichting Architecten Research) methodology

demonstrated how the concept of tlexibility tbat is used in commercial and retail sedon

cao he successfully applied in the residential seetor. It is based on a system of"Zones and

Margins" which are used to define possibilities for the layout of detachable units within

Support strueturei (Figure 1.2 &. 1.3). Habraken bas also created a system that a1lows

user participation. The "Infill System" is an approach that otrers users the opportunity to

select their own tloor plan, and the freedom to choose the quality level of the equipment

to be installed (Habraken 1992). Habraken noticed that usen tend to be more satisfied

when they are given the opportunity to select their interior accommodations.

The separation of InfUI and Support can he advantageOus to a homebuilder.

Traditionally, a homebuyer's choices are often limited to selecting bathroom or kitchen

equipment as weB u the colors of tiles and other surface tinishing. Builders would prefer

not to otrer many choices because they are not sure if the costs of interior customization

1 The Support gcocraIly incIudcs the Ioad beariDg saructure, ail commoo c:ircuIaIion spaces. portion of the

mcdwnical sysIemS, aad sornctimes the buildiag's eove1ope. The lnfiU iDdudes the DOIl-ioad bearing walIs,

building systems in the diSllibution level such as fixtura, equiplDClll and, ail plumbiDg, wiring aod chM:t

work (KeadaIll99S). The detai1 is desaibed in 2.1.2 nIE SAR ME11IOOOLOGY:

2 ACCOIdiDg 10 HabnbD's. tbe -Support- comprises DOt _y tbe sbdI œtbc buiktiD& iDcluding façade aad

root: but aIso ail'"bearia& parts &1 weil as the major conduils tbat feed the iDdividuaI clweIIiDI units:

Ibose Coc &as. cIectricily. waacr aad scwage. 1'baecoaduiIs rua to a spodfiç poiDl iD cach unit fiom wbae

furIbcr depIoymeat is doae by means ofthe lDfiII system. (Habrakcn 1992)
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cao be passed on to the buyer. Therefore, the builder abjects ta any change tbat will

disrupt his planning, cost more money and take more time (Habraken 1992). Since the fit­

out work is separated from the Support, by giving the rest of the fit-out work to a

subcontractor, the builder cao he involved up to the point where the support is complete.

This gives the builder the option of taking less financial risk by decreasing hislher

involvement in the construction (Kendall 1995).

User participation is the natural outcome of housing flexibility. The question is

what level of user participation is the builder willing to accept? There are two levels of

participation: decision-making and building. Everyone bas a ditrerent capacity in these

areas. These C&Pacities relate to imagination, creativity, judgment, information, and they

require aptitude, skill and experience. They correspond to the individual talents of each

bouseholder, whic~ ofcourse, are never the same (Warshaw 1974). Therefore, ditTerent

levels of tlexibility and choice should he otTered to ditTerent housebolders. For example,

not everyone is willing to accept the maximum tlexibility of an empty house. Or, vice

versa, a pre-designed house may have little tlexibility to some householders. Too much

tlexibility may not be good for everyone.

Furthennore, a householder may intervene as far as his resources and competence

permit. This cao be done either by getting the work done by a professional, according to

bis specifications; or cboosing ideas, components and packages, planned and installed by

athers; or doing il themselves by planning and instaUing the neœssary components in

hislher living space. Ali these reOect a certain range ofOexibility (Warsbaw 1974).

People have ditTerent needs, standards and constraints with respect to bousing.

The budget tùrther timits the number of choices available to a bousebolder. Therefore,

the range of tlexibility is reduced. Moreover, a pre-designed bouse may not cost more

tban a do-il-yourself flexible bouse that is similarly equipped. Developers and builders

also bave tbeir ranges of profit, which should be incorporated to determine a new range

of ftexibility.
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An experiment was done in France to explore the positive and neptive aspects of

flexibility in home building, and to detennine whether the concept of bousing tlexibility

bas Iived up to its expectations.

Builders experimented in the Montereau project to find out how occupants wanted

their space: room shapes, areas and internai circulation. For the user participation part,

the space was built according to occupants' wishes and needs. For the technical pan, the

use of the Support and Infill concept and the adoption of the modular systems a1lowed a

large number of cambinations. At tint, the theory and its technological breakthroughs

sounded convincing, however, il wu not totally practical. The integration of modular

systems restrieted the number of possible layouts. The 90cm grid was too large to be

flexible. There were other problems as weil; the rents that were asked for these

apartments were not very atrordable. Nevertheless, the project showed clear suceess in

user participation. For example, the inbabitants of the experimental building used the

fteedom provided by the movable partitions to make large living space. The plans they

designed were not ooly adapted to their needs but a1so to their personalities and lifestyles.

The authors ofthe article have al50 anaIyzed the number ofpossible combinations versus

the number ofpeople per household: less people, more possibilities (because of increased

flexibility), and vice versa (Figure 1.4).

The evaluation generated a number of questions: Who are the oœupants? Does

the tlexibility provided at Montereau correspond to the needs of every tenant? Should

occupants be allowed to arrange their homes in a way that could contravene building

regulations, safety or hea1th~ etc.? What is a "habitable" home? Nevertheless, the

tenants were satisfied tbat they planned out their own accommodations (Martel and

Ignazi, 1974).
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1.3 RESEARCH QUESTION

The objective is to document produas that cao increase the range of housing

flexibility in the construction industry. The researeh can be summarized in the following

questions:

Wb.t building products and techniques are praently available tbat un
provide options to increase interior ftesibility in North American low nie
wood frame bouling?

What does the autbor mean by "range ofhousing tlexibility"?

The degree of finisbing done to a bouse that is sold to homebuyer cao vary greatly

depending on needs. A higher degree of tlexibility means the interior cao be more fteely

outfitted to meel specifie demands before7 during, and after construction. In gen~

flexibility refers to the freedom of controlling the arrangement of a building. This

research will focus on the maximum degree of tlexibility presently permitted by

indigenous North American bousing tlexibility technology.

Dy "produets and techniques" the author refers to new technologies or the

combination of existing tecbnologjes in new ways that appear in the fomt of new

produets. Housing tlexibility innovations and new technologies have three basic goals:

1) To improve Înterior tlexibility by convening non-8exible building components
ioto 8exible ones (this may include the creation of new tools.. equipment and
installation).

2) To improve interior 8exibility by resolving or reducing obstacles which cause
intlexibility (this MaY include the modification of existing tools.. equipment and
installation).

3) Combination ofthe IWO funetions described above.
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1.4 OBJECTIVES

1. To research theories about housing Oexibility and user participation.

2. To review past projects tbat were designed to a1low user participation in the
preoccupancy stage.

3. To examine and analyze the current housing Oexibility technologies that a1low
innovations in low rise wood frame bouses in North America.

4. To propose additional means of tlexibility for future bouse construction.

1.5 SCOPE AND LIMITAnON

This researcb will he restrieted to products and techniques of bousing tlexibility.

The items are selected ftom two stages of bouse construction: 1) framin& 2) plumbin&

heating and electrical rough...in. Furthermore, attention will he given to those that are

applicable for low...rise bouse using the traditional light wood frame construetÎon. The

thesis addresses the North American home building industry, buildersldevelopers,

architects, designers, engineers, dwelling occupants, and manufacturers because they are

the creators, implementers ud users of bousing tlexibility. It does not aim to promote

produets that are studied here, but to make the industry aware of ideas that bave been

realized using present technologies. The cost of produets and their installation are not the

main aspects ofthis report, nor are innovative bousing Oexibility design concepts.

1.6 METHODOLOGY

This thesis cao serve as a summary repott of the innovative Nonh American

bousing tlexibility produets that are presendy available. The author consulted the

accurate and up...to...date sources for this researcb, as well as relevant literature to obtain

sufticient background on the subject. Sànce the focus is on bousing tlexibility and user

participation theories, numerous home prototypes ftom all over the world using the
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concept of Oexibility were examined. Teçbnical data was obtained trom

buildersldevelopers, conttaetars, housing agencies, Internet, libraries, manufaeturers

and/or professors.

Aggregate building components contribute to the overall tlexibility of the home.

The authar structures aU findings in an arder of precedence (Le. from general building

structure to specific details). Principles and product evolution are briefly explained within

each category of the building system, followed by produets comparison, then future

trends. At lcast four produets are reviewed in each category if applicable; their teçhnical

data are processed and presented in a predetermined format. Ail produets are subjected to

performance evaluation based on their economy, installation difticulty, durability,

maintainability, privaey/saCety ratins, practicability and appearance (Yamin 1990). After

aU produets have been separately evaluated, an analysis on the compatibility of mixed

produets is studied in the conclusion.
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Figure 1.1: Housing Demand by Type ofFamily (Source: CMHC 1991)
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THEORY AND PRACI1CE OF HOUSING FLEXIBILITY AND
USER PARTICIPATION FROM 1900 TO PRESENT

This cbapter examines bousing flexibility and user participation literature that bas

directIy influenced the invention of new tlexible building produas. The author reviews

theories pioneered by John Habrake~ as weil as examples ofbousing flexibility using their

concepts.

1.1 HOUSING FLEXIBILITY THEORIES AND ITS EVOLUTION
SINCE 1900

The use of flexible building produets depends on how flexible a building was

planned to he. However, there is no standard on how flexible each project should be. The

level offlexibility is specific to the condition and nature ofhousing at the time ofplanning,

and the intention ofthe people who have the power and influence over decisioos. Therefore,

before one can decide on the right level of flextbility for a project, it is essential to

understand the concept ofhousing flexibility, to know how it works, and to leam ftom past

experiences.

The concept of bousing tlexibility is divided ioto pre-occupancy tlexibility and

post-occupancy flexibility. Pre-occupancy tlexibility refers to the fteedom to choose

among options in order to adjust the dwelliDg to suit individual needs prior to moving in.

Post-occupancy tlexibility refers to the ability to adapt a building to changing needs after

the dweUing is occupicd. Flexibility can be mcasured by the capacity for buildings,

building programs, or building technology to respond to subsequent change.

2.1.1 BISTORICAL BACKGROUND FROM 1900 TO 1970

Housing tlexibility is not new; it cao be tnœd back ta 1927. Innovations such as

Jean Prouve's bouses in 1938 at Meudo~France were designed on lm detachable moduIar
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panels to offer the tenant more choices of interior layout (Rabeneck 1973) (Figure 2.1).

Mies Van der Rohe developed bis steel-framed apanment house for the

Weissenhofsiedlung exhibition at Stuttgart, Gennany. The interior partitions were plywood

panels that couId be installed wherever the tenant chose, giving the tenant an infinite cboice

of room layouts within bis 70 m2 of space (Giedion 1959). Another example, Smithsons'

Appliance House of 1958, was based on cubicles with connections for food preparation,

sanitation, communication, storage, and maintenance applianœs (Figure 2.2).

When integrated building systems were separated into distinct components, more

choices were created and, instaUations or modifications were made easier. Around 1970,

Spender and Rogers produced flexible partitions such as zip-up enclosures: the

unobstrueted tloor plan aIIows a1teration ofthe plan in a day (Figure 2.3). However, trouble

began when these innovations became perceived as solutions to problems in bousing and

production. Designers were 50 obsessed with Gropius's idea of factory-made houses, they

neglected the true housing needs at the time. These innovations became no more than

mechanical toys inspired by technology (Rabeneck 1973).

Sînce 1960, tlexibility researchers have become more aware of the increasing

demand for innovative bousing which was caused by rapid changes in the number of

families; family size, composition, and structure; and a family's expedatîons in terms of

comfort and efticiency. Getting the right fit for tbis new generation of family became

crucial as the traditional bousing solution became obsolete. It is the tirst time that capacity

for change became accepted as a goal ofarchitecture and planning.

It is essential 10 establish standards in order10 maintain the efticiency ofproduction

and maintenance, and to reduce costs. F1exibility wu not only promoted to reduce costs

and to impose standards, but also "to provide a private domain that will fùIfill each

occupant's expectations" (Rabeneck 1973). Flexible buildings could otrer choices to

occupants: ...everyone should be able 10 fit out bis bouse as he wishes, including the right

to mate mistakes as part oftbat fteeclom." (Rabeneck 1973)
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2.1.2 THE SARMETRODOLOGY

In the early 1970~ the SAR (Stichting Architecten Research) under the direction of

John Habraken, pioneered the development of a new systems concept for bousing. The

SAR developed architectural design methods for use in bousing design. The SAR

methodology is a system ofdimensional rules for deciding the fi~ locatiol1y arrangemen~

and rearrangement ofstructural element~ party walls, services, windows, and doors, many

of which can be arranged and rearranged independently of the shell. It establisbes a

dimensional fiamework with which standardization can coexist with variety. These

methods were based on a distinction between "Support" and "InfiU". For Habraken,

tlexibility represents the amount of incremental transformation of incremental

transformation a physical setting cao undergo in order 10 ensure good fit through time. It is

a basis on wbich to rationalize the production of bouses and to reconcile both

standardization and variety (Hamdi 1991) (Figure 2.4 & 2.5).

The "Inflll" is the part ofthe building which cao be determined for eacb dwelling.

The "Support" is the part of the building which is tixed. The "lntill" cao be changed

without causing a change in the Suppon. But ifthe Suppon is cbanged, the Infill must be

adjusted. Secanse a building is clearly divided into distinctive systems, diJferent parties

cao be in control ofSupport and Infill during its design and construction, and subsequent

modifications cao be done without loss ofet1iciency or coherence (Kendall 1995).

The Suppon generally includes the load bearing structure, ail common circulation

spaces, a portion ofthe mecbanical systems, and, sometimes, the building's envelope. The

IntiU includes the non-load bearing interior walIs, and building systems on the distribution

level such as fixtures, equipment, and ail plumbin& wiring and dUel work. The distribution

oftechnical systems between Support and Infill will vuy in each project depending on how

the maximum efticiency cao be achievecl (Kendall199S).
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2.1.2.1 USER PARTICIPATION

User participation is an essential tool in redetining the relationship between people

and tbeir living environments. Habraken believes that user participation helps the designer

to serve the public better. Il also makes the design and the production of buildings more

efficient and more dynamic, and the architecture more relevant (Hamdi 1991). For

Habraken, "a support structure is a construction which allows the provision of dwellings

which cao he built, altered and taken down independently of the others". Supports are

designed to accommodate what will happen inside, therefore, the inside is allowed to grow,

to develop, and to change from lime to time (Hamdi 1991).

Bousing decisions used to be made between public (the government) and private

(the community groups) secton. Habraken was able to introduce individuals (dwellers) as

new players in the decision-making by separating Support and Infill. The community

ensures that the structure ofa building, the Support, conforms to bylaws, building codes,

and design guidelines which are established by the govemment. Individuals are

responsible for wbat is within the Support: the Infill. Nonetheless, Habraken's intention

was to exploit the potential ofmodem, faetory-based mass production... (Hamdi 1991).

2.1.2.2 COMMENTS OF THE S.AR. METHOOOLOGY

However, after Habraken's lecture to the Royal Institute of British Architect5 in

April 1972, there wu criticism that the SAR methodology and the system of grids and

zones would restriet creativity in architecture design. Many were skeptical about bis caUs

for more 8exibüity, adaptability, and greater user involvement, as weil as his assumption

tbat "the more variety housing cao assume in the support structure. the better" (Habraken

1982). Habraken argued that bis methods would challenge conventional professional rol~

as weB as methods of tiDan~ building and management, but wouId never compromise

artistic expression in architecture.

As Trenton (1972) descnbes, there wu skcpticism about whether Support
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addressed contemporary concerns: "Families living in mass housing are inherently

conservative, neither wishing for the tlexibi1ity we believe essent~ nor sutrering tram the

problems posed in the booJcl." In addition., be suggests that more problems will arise if

individuals are only responsible for internallayout, and not for participating in the design

oftheir communal environment (Trenton 1972).

Habraken tried to improve the efficiency of design, designer and building. User

participation ta bim was essential in achieving efficient and healthy bousing. As mentioned

in the UonNal Wjtbgut Bouses (Hamdi 1991), "Habraken was describing an architecture

of the everyday environment that wu responsive ta change, dynamic, easily readable,

additive, resilient, and reliable."

How mucb tlexibility is appropriate, and is it more expensive to make buildings

flexible? As buildings have become more and more complieated, it seems that tlexibility is

essential in the planning. Modem technical ingenuity alsa allows buildings ta be made

more flexible without becoming too expensive. However, a limit on the degree of

flexibility in every project is imposed by user's needs and budget. It may be lcss

economical to build with maximum flexibility because support bas to anticipate any

possible changes in the future (e.g. a special structure is needed ta ac:œmmodate building

services and variations in the internai layout; structure bas ta be stiffer ta take

unanticipated load; special connections are required ta book up existing building services

and other components).

Finally, tlexibility is used as a design strategy to create an infinite number of

choices. ft is a concept aimed al providing a better fit amang people, loc:ation, tinisbes, and

costs. Howcver,l tbese endless possibilities wouId ooly be rational when they are witbin the

constraints or materials and systems, as weU as Iegai and regulatory structures. What

sbould then he icIeal tlexibility? Heath (1984) addresses this question u rouows:

) -Suppods: An AIfenIatM 10 Mass Hansi.... AICJt.....ml Press, Loadon (1972).
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Flexibility then is easy to provide where the quality or the

environment required is DOt too rigorously specifi~wbere the level
ofservicing is low, where, it foUows ftom this, changes in the nature

of the use of space are not very great. If these conditions are m~

and frequent changes are expected, tlexibility is the obvious design

approach. As we move away from these conditions, the premium
paid for flexibility increases; and if we tind that we are in raet
building an additional Ooor of the building for each floor of usable
space provided, as in the "ioterstitial Ooor" concept then it may be
more rational to look at other solutions."

Although the intention of user participation is Oexibility, it should not be restricted

ta arranging materials within a given space envelope, much as one does when arranging

fumiture or decorating. This kind of participation has little ta do with shifting patterns of

control and responsibility and even less ta do with user satisfaction. Flexibility sbould oot

be used as tool for enabling good and economical management by public authoritie~

builders, and manufaeturers; the social and political impact should never be neglect~

because users are the constituents of bousing and the true beneticiaries of the bousing

revolution.

The variety in dimensions, in design, in additional materials or components, and in

tecbnology sbould be caretùlly anaIyzed. It is the ditferences between people that promote

tlexibility. Neverthele~ the question remains: how mucb tlexibility should one be

provided with ta design, construet and modify physical buildings.

%.% ASPECfS OF FLEXIBILITY AND FACfORS CONTROLLING
FLEXIBILITY

Although tlexibility may increase the planner' s and user's control over layout, and

in providing countermeasures to numerous obstacles, it cao be by people who have

decisive power. No matterwho or wbat imposes limitations, wc sbould first examine wbat

cao be tlextble and what cao cause reslrietion to tlexibility.

Physically, the overall building tlexibility is created by the 8extbility ofils systems
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and components. Because these elements are interrelated in a certain order~ the overaU

flexibility must he looked at from a broader perspective. A building is constructed from the

outside to the inside. and trom the basic to the specific. This sequential process suggests

that tlexibility is controlled by elements from structurallevel to the Infillievel.

Flexibility may also exist in the home delivery procas. It includes planning and

designing a flexible home trom installation to occupation. Therefore, operationally (i.e. the

procedures for making Oexibility possible). tlexibility is controUed by a decision-maker

who detennines the feasibility ofa design under specifie conditions.

2.2.1 TYPES OF PHYSICAL FLEXIBWTY AND DEFINITIONS

There are six types of physical tlexibility as outlined by Eric Dlubosch in

FlexibjlityNaàability and Pr0 8A'Dmjoa (1974). Within each, there can be di1ferent

degrees ofmanipulation depending on the size and type ofan object. Therefore. the levelof

flexibility depends on the degree ofcontrol people have over these factors.

1. THE MATERIAL FLEXIB~ITY:

The material flexibility refers to the inherent ability ofa material or substance to

yield, deform, be molded, bent, compressed, extended, twisted, or altered as a result ofthe

direct application ofexterior forces. witbout causing the loss of the basic integrity of the

entity affected. Apart trom these physical properties, the degree of manipulation is

proportional to the size, weight, and other quantifiable qualities of the products being

fabrieated.

Example: flexible hose connections in place ofrigid pipes.

2. MECHANIZEDFLEXJB~ OR. FLEXlBD..ITY OF JOINTS AND
CONNECI10NS

This generaUy refers to components or sub-assemblies joined by meus ofhinge5,
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loops or slides. This tyPe oftlexibility is restrided to the designed displacement limits, and

the control of joint and connection tolerances. In terms of use~ the designer/user is

responsible both for ease ofmanipulation and the degree of maintenance.

Example: drop-leaftable, doors or windows.

3. FLEXIBILITY BV ADDITION AND/OR SUBTRACTION

Similar ta the above~ except that abjects and assemblies May be combined with

others in a pre-designed way, for example, a kit-of-parts. This type of flexibility is

predetermined due ta overaU dimensional fit and tolerance coordination.

Example: book shelfkits, modular furniture.

4. LOCATIONAL AND/OR POSITIONAL FLEXIBILITY

Space and dimension determine this level of tlexibility. The use of any space or

objects need Dot necessarily fit in a predetermined way, but must he capable of being

accommodated in various spatial situations and/or positions. This May constrain choice, or

aUow for a given range of choices. This type of tlexibility requires study of possible

alternatives, which must be anticiPated by the designer without constraining the user. It

al50 requires a careful study ofalternative settings with respect to changing content.

Example: dining room transformed to study or bedroom, etc.

s. DIMENSIONAL AND/OR MODULAR FLEXIBn.rrY

This may be either imposed or designed. Ifimposed trom outside toward inside ofa

buildin& the other types of tlexibility have 10 be adjusted in order ta accommodate the

dimensional and/or modular system. In the reverse orcier, an optimal dimensional and/or

modular system must be selec:ted by the designer to accommodate all types of tlexibility,

and to provide a medium for manufacturing and assembly compatibility and/or

coordination. Ta gain control ovec this type of tlexibility, il requires designer's extensive
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knowledge of measurement syste~ modular contro~ and prevalent practices in the

industry in tenns ofcompatibility and adaptability ofvarious components and assemblies.

For increased user contro~ the modular system should he designed unobtrusively, and the

matching and/or fitting of items should be comprehensive and easy to achieve.

6. INFRASTRUCTURE FLEXIBILITY

For human comfort and energy saving, it is necessary to plan and program for

tlexibility in tenns of ail the mechanical, electrical, HVAC and plumbing infrastructure

elements ofhousing. This concems DOt only design improvement and maintenance faeto~

but also opens up the wbole problem ofconversion and/or modification of all or some of

the existing service infrastructure systems in a building. This type of tlexibility is

intluenced by a material's proPerties, the degree of installation work as weil as

Performance ratings.

Depending on strategies and/or other limiting conditio~ the above types of

flexibility caB he selectively incorporated iota a project ta meet the decision-makers'

demands for overall flexibility. Reaf (1976) summarized three basic building design

strategies 10 control averaU 6exibility:

1. Plan for periodic replacements ofbuilding components to meet new requirements.

ll. "Built-in tlexibility for change in the arrangement, equipping and servicing of
space - including the possibility ofexpansion."

m. "Generalized structures are designed to accommodate diversity ofuse and ftequent
change tbrough the exercise ofthe hierarcbical separation" (Beaf 1984).

2.2.2 paocmURAL FLEXIBILlTY

AccordiDg ta Canadian Wogd-fmmc HouS CQD.ctJlIçriOD (1997) by CMHC, a

complete bouse Iife cycle cao be divided ioto planning, designing, construction,

occupation, renovation, and demolition. There are a series of processes involved in each
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stage. Within each process, there cao be many sets of rules or methods to foUow.

Proœdural flexibility refers to the availability ofalternatives to deal with situations during

the home delivery process. Whether or not to opt for flexibility is a decision made by

governments, financial institutions, builders, designers, and users. However, there are

ditferent controUing factors al ail stages of a proje~ and a hierarchy in the decision­

making process and among its decision..makers. The presence of physical tlexibility will

enable the decision..makers to choose whether to use a Oexible home design or not. The

following section will examine the factors which influence this decision-making process.

2.2.2.1 THE PARTICIPANTS

The present home delivery process involves panies such as the builder/developer,

govemment, supplier, manufacturer, sub-contractor, client, and tinancial organization

(Chamey 1971) (Figure 2.6). Decision-making among these people is a looped process, or

a "Closed System", according to Robens (1970) (Figure 2.7). This means that any

participant may influence the construction of a home. Furtbermore, any change one

participant introduces will bring about changes in the whole process. As Friedman (1988)

points out, "Innovation and change of the above process are difficult since they tend to

break down a traditional routine process in which each party is familiar with the tasks he

bas to perform. The introduction of 8exibility in a manner which will comont the

mainstream will not be welcome and will most probably fail." He recommends that:

"ftexibility must be compatible with existing industry customs rather tban comont them.

And it should malte use ofexistiog routines rather tban suggest new ODes." In otber words,

tlexibility may be acœpted wben used as an alternative or modification to the existing

home building practice. The implementation of 8exibility in bousing construction shou1d

meet the traditional home-building industry's standards, while, at the same time, help

participants to lItain their goals (Friedman 1988).

Decisioo-maiters are classified into 3 categories (Cbamey 1971, Kaynak 1981,
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Friedman 1988). It is necessary to examine their roles in order to study the decision for

flexibility and the implications wben flexibility is introduced:

1. CONTROLLING AGENCIES

Government (federal, provincia~ and municipal) agencies regulate bousing policies

through financial means, codes, standards, by-laws, and master plans. Loca~ provinci~

national and global economies are the govemment's biggest concerns. In fa~ the

Canadian government's intervention in the bousing market bas traditionally been

motivated by the need to stimulate economic aetivities tbrougb the construction of bomes

(Rose 1980). Because the construction industry employs over 10010 ofthe total labour force

(Kavauagh 1978), the govemment's decisions and policies conceming bousing have had a

great influence on the country's eœnomy, as weil as on its bealtb and safety (Friedman

1988). It bas been suggested that, due to bureaucracy (Rose 1980, Charney 1971), the

govemment tends to favor traditional praetices and organizations in the industry, and to

provide standards that are based on the minimum needs of the user. In f~ Donald 1.

Hovde (undersecretary ofU.S. Department ofHousing and Urban Development) believes

that the maze of zooing and building regulations have probibited some of the best

innovations ftom getting a fair trial (Nationallnstitute ofBuilding Sciences 1984). Unless

there appears to be a political advantage or the pressure for action on the govemment in

power is very strong, il is unlikely for a govemment to support any social intervention such

as introducing tlexibility in home construction (Rose 1980). In this regard, bousing

tlexibility is viewed as an option. Until il is seen as a solution to bousing problems, and

until ail participants coIlaborate, it will have little or no influence on govemmental

decision-making.
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2. FINANCIAL INSTITUTIONS

Financial institutions lend money ta builder/developers for the execution of a

project, or to usen for the purcbase of a unit. They control builder/developers and users

through financial means, while the govemment and market responses control them. Their

objectives are to ensure the maximum retum on their investments. According to Friedman

(1988), adopting tlexibility systems may help financial institutions increase their retums.

By lowering the cast of units, decreasing the rates of mobility, and providing loans for

tlexibility components (as 5Uggested by Warshaw (1974», they cao attract more tint-time

bomebuyers, while increasing the value of property (wbich is designed to he adaptable),

and otfering additional financial services. However, since tlexibility in bousing is still oot

popular in Nonh America, financial institutions are hesitant 10 support il. This is because

they fear that it will reduce other financial opportunities by, for example, decreasing the

number of mortgages due to a lower mobility rate and an increase in do-it-yourself

aetivities (Friedman 1988).

3. PARTICIPANTS IN THE SUPPLY PROCESS:

• ne Builder/developer coDœives and cames out a project. During the production

phase of a project, they generally malee recommenclations on building materials and

produets to keep a project within the estimated construction budget (Yamin 1990).

Their objectives are to control costs by keeping overhead ta a minimum (Montgomery

1977), 10 ensure quality standards are met, and to ensure that the project he delivered

on time (Gould 1997). ûouId (1997) writes:

u As changes occur due ta changes in scope or unexpected events,
the need for tight control ofcost and scbedule bec:omes increasingly
important. Keeping the cost within acceptable budget constraints
and maintaining control over key milestone completioD dates for
coordination with outside parties is critical ta the owner."
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Implementing tlexibility cao help to achieve these goals by: 1) outfitting a bouse to

suit a customer's needs without extra costs in labour, tinte and materia1; 2) offering easy

adjustments or replacements during the guarantee period; 3) speeding up the sale ofunits

beforelafter construction thanks to adaptable interior layout; 4) staying competitive with

market demands and competitors; 5) saving time by using pre-fabricated compooents; and

6) establishing the image ofbeing "innovative" wbich May promote sales (Friedman 1988).

Despite the above advantages, builder/developers are concerned that flexibility will cast

them more. The potential draw backs are: 1) increased housing prices and construction

lime; 2) 105ing potential c:ustomers (sinee not all people accept the idea of Oexibility); 3)

additional investment requirements to comply with local codes and praetices; 4) difticulty

in funding; 5) difficulty in adapting tlexibility system in terms of operation (Friedman

1988). Complex management demands may alsa make them unwilling to implement

building tlexibility. Since builder/devel0PefS are responsible for arranging tinancing,

advenisements, projeet management, office management, and numerous other tasks, the

stress of switcbing ftom their existing practices to another should he taken into

consideration as a factor influencing the adoption or rejection of innovative produas

(Stemtbal 1994) (Figure 2.8).

• The Project desiper plans and designs the physicallayout, and usuaUy specifies the

building materials and produets for a projeet. The objective of a designer is to take a

proposai ftom a builder/developer and prepare a series of plans (complete and

technica1ly accurate design) for action. Becanse they have to work under financial and

time pressures, many traditional bousing designers often repeat the same styles without

responding to bUe user needs (Montgomery 1977). This lack of communication

between designer and user is the result of the builder/developer's strategy for saving

users' money (Zeisel 1974). The use of a ftexibility system may provide a designer

alternative ways of cutting costs without scarifying variety. In addition, they cao
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expand their knowledge by becoming an advisor for a bousehold in the planning of

interior layouts, or by becoming a researcher for developing new interior arrangements

and construction techniques. However, role switching requires that a designer

familiarize himself with a user's economic status in order ta select flexible-bousing

alternatives, and with technical systems that allow flexibility (Friedman 1988).

• The Project executor builds a project according ta a design. This includes the general

contractor and subcontraetor. Their practiees bave become highly specialized due to

competition within the building process (Cbarney 1971). Because these firms or

companies are usually small (i.e. number of workers tbat cao he kept working

continuously) and financially limited, specialty contnelors are wlnerable to the

decisions ofbuilder/developers (Friedman 1988). In the case ofa fixed priee contraet,

the contractor must maintain tigbt control over the budget and schedule the work in

arder to guarantee a profit on the project (Gould 1997). A1though they do not make the

decision for tlexibility, they install it: there are contractors who work specifically on

flexibility systems. Implementing tlexibility suggest that construction work may

become even more specialized and diversified. Contractor companies may become

sma1ler in size and weaker tinancially. Also, they may bave ta adopt new methods in

arder to stay competitive. The possible advantage is tbat they cm he more indePendent

in their work (Kendall 1993). For tirms tbat are based on traditional metbods, they need

ta modify their existing work habits in arder to adopt 8exibility constnlction (e.g.

contractors that are presently involved in the installation ofdry walls may specialize in

the installation oftlexible panitions) (Friedman 1988).

• Muuraetarenllupplien who produœ or supply goods for construction in the home

building industry, are usua1Iy the ODeS who bave introduœd and promoted new

materials and systems (Cbamey 1971). Ifnew produets are acceptecl by the public, then
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it opens the market up oot only for oew constnaction, but for renovatioos and upgrades

(Friedman 1988). However, the creation and promotion of innovation involves

substantial risks. Establishing standards within the industry requires additional

investment in marketing. Promising products and systems may be rejected if they caU

for major alterations in the construction methods and techniques. Manufacturers should

carefully select the appropriate degree ofimprovemen~keeping in mind market trends,

and the limits ofthe existing industry's praetice.

4. USER IN THE DEMAND PROCESS:

The occupant of a dwelling is the user in the demand process. Before bousing

tlexibility is introduced, the decision for home occupation is made based on the user's

needs. According to Bennett (1979), the user's needs cao he classified iota tbree categories:

The Social Needs4
, The Physiological Needss and The Psychological Needs6 (Rosen et al,

1979; Blachère, 1970; Parson, 1972). Kaynak (1981) summarizes factors ftom these tbree

categories which influence the decision ta buy a home as in Table 1:

In most cases, the user bas ta adapt to a new environment when moving from one

place to another. Certain factors from those listed above may be compromised in order ta

fulfill others. Implementing bousing tlexibility will increase the number ofneeds that cao

be met. This is because the dwelling unit cao he outfitted according ta the user's

specifications before and after constru~n. However, many people shy away trom the

flexible home because they do not anticipate that they will stay in one place for very long.

In addition, they are unwiIling to plan their own Jayout either because they do not bave the

4 Bennett (1979) cIefiDes 'Ille Sadal Necds as "the basic buman requin:meDIs m..e produœd by poIitical,
CCODOmical_c:altural standards ofsoc:icty".

5 BeDaeu (1bid.) dcfincs ne ftJliololiul ,..as "the basic pbysical RqUÏIaDaIIS tbal are geDeI3Iedby
SUIVivalIlldd8iIy 1iYiDt'-

'Bennett (1bid.) defiDa11IePIJdIoIoIkaI Needias~pcn:cMdbumaarequiraawW l"J'C'8'edby soc:ial
pcessures. œw.::IÏOIIS to die CIlVÙOIIIIICIIl aad lIICIâI agjh'Clos and SIates of1IIiII&r.
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skill, or because they do not believe that tlexibility oWen any special advantages orsavings

(Friedman 1988).

In conclusion, the degree ofhousing tlexibility is controUed by the pbysical

property ofthe rnaterials, and the decision-makers in the home delivery process. Home

building environments and technologies in different countries reveal different approaches

to designing tlexibility. In the next chapter, the international experiences in the application

of tlexibility in contemPOrary housing design will be discussed.

The Social Needs The Pbysiololical Needs
Individual or Household Cbaracteristics Bousing Unit Cbaracteristics

(Socio-Economic Features) CPhvsical Features)

Education Number ofrooms
Etbnicity Age ofbouse
Income Size of living space
Household size Price
Profession Modernity
Age offamily head Integral Garage

Air Conditioning
Spaciousness
Durability ofconstruction
Oil Heating
Layout

Tbe PlyclloloPal Needs

Neighbourhood Related Cbaracteristics Social Bonds

Distance trom wode Planned duration ofresidence
Distance trom school School aged children
Accessibility Social composition ofthe area
Distance trom shopping Presence offiiends and relatives
Qua1ity ofpublic services
Near by pub and open spaces
Bus Service
Leve! oftraftic noise
Safety ofthe area
Property Tu
Loadion

Table 1: Major tàctors involved in home-buying deeisions (Alter Friedman 1988)
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Figure 2.1: Prouvé's Meudon houses are planned on 1m module with ail panels
interchangeable (Source: after Rabenec~ et al. 1973)
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Figure 2.2: Smithson's Appliance House of 1958 wu based on Qlbic:les with c:onnections
for food preparation, sanitation, c:ommunie:ation, storage, and maintenanœ appHanc:es
(Souree: after Rabeneck, et al 1973)•
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Figure 2.3: The Rogers and Spender houses are made up of4S ft clear span steel ponal
frames, to provide unobstrueted space. This design allows alteration ofthe plan in a clay.
(Source: after Rabenec~ et al. 1973)
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Figure 2.4: The Support. A Support is that pan ofa habitable structure which the resldent
bas no control. The Support generally includes the load beariDg structure, ail common
circulation~ a portion ofthe mecbanical systems, and, sometimes, the building's
envelope. (Source: Habraken, et al. 1976)
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over which the resident bas individual control. The Infill includes the non-load bearing
interior walls, and building systems on the distnDution level such as fixtures, equipme~
and all piping wiring and duel work. (Source: Habraken, et al. 1976)
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Relationship in a
particular building project
Organization interfaces
Builder/developer (initiator)
Municipal govemment
Supplier
Manufactur.r
Sub-contractor
Client

. Financial organization

•

Figure 2.6: Organizational and project interface in speculative home-building (Source:
Chamey 1971)
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Figure 2.8: Buïlder'slDeveloper's administrative duties (Source: Stemtha11994)
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APPLICATION OF FLEXIBILITY IN CONTEMPORARY HOUSING
DESIGN: THE INTERNATIONAL EXPERIENCES SINCE 1980

LesIOns in flexible homes prior to 1980 helped to develop new solutions for the

80's and 90's. The modular systems were costly and technically complicated for the

ordinary user. In addition, a majority of users did not stay long enough in their units to

benefrt from their custom layout or from its flexibility. Recent technological iMovations

taekle these problems by mmng detaehable companents more user tiiendly, and revising

numerous construction methods and production processes to make housing more flexible

and economicaL

3.1 NETHERLANDS

In the Netherlands, a series of housing projects incorporated user participation by

using the concept of Infill and Support. The Matura Infill System is an economical

prefabricated package for building fit-out. It is a commercially based system modified to

disentangle and to regulate building services for residential-use. The Matura Intill System

utilizes sub-systems and pans tbat are available on the market. Ali sub-systems are

integrated into two elements: the "MatrixTile", and the "Baseboard Profile." Tbese provide

tlexibility in design, fast installation on site, and cbangeability in the future for conccete

building. The Matrix Tde is laid on top of the tloor slab. It is basically a modular tloor

panel that bas grooves in il, to provide room for the distribution of primary building

services sucb as sewage, water, heating, electricity, and ail kinds ofpiping and wiring. The

Baseboard Profile is the secondary distribution system running wires for appliances. The

Matura Infill System is more economical, and its advantages include quick installation, a

wieler choice offloor plans, and the ability to separate the InfiU works ioto teams (Figure

3.1). Il is unlikely tbat the MatrixTde cao be used in North American low-tise wood frame
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buildings because ofthe limited tloor to ceiling clearance (Kendall 1996).

3.2 SWEDEN

Customized kits ofmanufaetured building parts are largely used in Sweden. Today,

more than 96 percent ofail bouses in Sweden are buitt ofwood, and 80 percent ofthese are

produced industrially (Arnold in Kendall 1986). Due to limited daylight hours and long

winters, it became necessary to speed up the process of bousing construction. In addition,

efficient labor methods and the elimination ofnonproductive time are required due to high

wage rates, a high living standar~ and delays caused by weather and construction

management (Figure 3.2).

Since World War II, the Scandinavians have developed a procedural system for the

design of manufactured housing that equally aceommodates ail the parties involved in the

building process: architects, researchers, manufacturers, building contractocs, financiers,

govemment and consumecs. This joint panicipation bas made new house ownership easy

and attractive for the consumer. Initial unit costs have been lowered and made more

predictable by reducing the 801000t of labor and cutting construction time. In faet,

manufaetured bouses in Sweden cost 25 to 40 percent less to build than those built on site.

Bouses can he buUt in less than one month, and still exceed the quality ofsite-built bouses.

The manufaetured Swedish bouses come with complete packages ofcomponents: exterior

and interior finishes, equipment, fixtures, appliances, and buill-in fumishings. The

manufactured bouse aceommodates design tlexibility to satisfy the requirements of each

customer (Figure 3.3). The bouse is al50 tlexlble enough to meet municipal regulations and

site-specific restrictions. The customers actively participate in the design of tbeir own

bouses. They may choose to purchase a bouse that is not completely tinished, then finish

the interior on their own al a later stage. In fact, approximately 90 percent ofmanufaetured

bousing is customized to suit a particular household's necds. Computer programs bave

been developecl by manufaeturers 10 facilitate customers' selection oftheir ideal home. A
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wide range ofchoiCe5 is available on computer for the various finishes7 fixtures, colors, and

other components. After the selection ofbuilding type and companents, the computer will

generate drawings and schedules that are customized to suit the client's needs (Arnold in

Kendall 1986).

There are three basic types of housing prefabrication systems that are used

extensively in Scandinavian countries. The modular volume system consists of volumes

that provide rooms. This type of system is most suitable on remote sites or in areas where

skilled construction is not readily available. The drawbacks are the dimensional

restrictions for transportation, and the need for a bigh-capacity crane to hoist tbem ioto

place (Figure 3.4).

The large panel system is the most popular system in Scandinavia. It consists of

large-size prefabricated panels such as walls, floon and roofs. ConstNCtÎon ofthe panels is

very similar to standard wood stud construction. The advantages ofthe large panel system

include the high tolerances and precise fittings ofail system components. The drawback is

the need for a long..reac~ fine--control crane. Houses built witb tbis type of system cao be

erected in as liule as Il days. (Figure 3.S)

The small panel system consists ofmodular panels that are approximately four feet

by eight feet in sae, and usually of wood stud constIUetïon. These panels cao be erected

more easily and require less skilled personnel. It takes as little as Il days ta buüd a house

using the small panel system. This type ofsystem requires more on-site tabor, but it pennits

a greater degree oftlexibility during construction. (Figure 3.6)

3.3 JAPAN

In Japan, reœnt developments in Support and Infill focus on the quaIity and

perfOl1D8llCe of building œmponents. These include improvements ta the mechanical

system's performance, and provisions for a wide range ofbigh quality produets for use in

dweUing interiors, sum as panition, tloor and ceiling systems; unit batbs, fixtures and
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kitchens; and quick connect cabling and piping systems. But there are problems: the

entanglement of complex building systems, renders the Infill system uneconomical. The

bousing industry aJso aims to develop new companents, production methods and supply

methods for detaehed housing. Strong emphasis is placed on recent technical eiTons, the

objective of which is to make buildings more adaptable to accommodate changing

preferences, life styles, and technical standards. Yet another emphasis bas been on the

development of production methods that are not beavily dependent on skilled labor. A

recent national mandate to reduce the cost ofhousing in Japan has prompted the industry to

re-examine a number of interrelated aspects. These iDclude relUlations etfecting domestic

and imPOned products and services, administrative and approvaJ procedures, labor skills

and availability, and the range ofchoice and quality levels ofconsumer bousins products

(Kendal~ 1995).

3.4 HOUSING FLEXIBILITY IN NORTH AMERICA

3.4.0 INTRODUcnON

Housing design and constNction bave constantly evolved ta suit people's needs.

This evolutionary proœss took a giant leap after the Great War, because the demand for

housins far exceeded the supply. In raet, "the retum often million American war veterans

in 1945, coupled with the stagnant state ofconstruction as a result of the Depression years

created a housinS crisis..." (Friedman and Niessen 1991). However, the supply shonage

continued inlo the 19505, because the family structure bad changed and homebuyers were

more diversified and specialized. In response to this problem, the housinS industry looked

to tecbnology for the development of new building types and construction materials. The

objective wu ta provide attractive, low oost homes in a rapid, cost effective manner

(Friedman and Niessen 1991). Although durinS the post-war years (1945-1959) homes

were built to solve the bousing aisis. the goal ofbousing innovation also cbanged al this

lime. In addition ta being eœnomical, innovations took ioto consideration the dweBer's
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individual taste~ comfon and convenience (Bloodgood 1984). The demand for low-cost

bousing during the post-war peri~ plus the trend toward personalizing individual space~

catalyzed the development ofatfordable~ t1exible and adaptable houses.

House construction bas become more t1exible in Many respects. Changes in

structural details~ and the availability ofdifferent materials~ have a1lowed a certain degree

of flexibility in planning and physical construction. Planning innovations iDclude designs

for efficient use of space~ plus designs for t1exible and adaptable interiors (Friedman and

Niessen 1991). New planning proposais often generated innovations in physical

construction and vice versa. This cao be seen in rooflt1oor/wall construction, as weil as in

mechanicallelectricallplumbing systems. In this section, the evolution of bousing

t1exibility innovations in North America will be examined in broad detail. A study of

innovative tlexibility building components will foUow in the subsequent chapter.

3.4.1 PLANNING

3.4.1.1 DESIGN FOR ADAPTAB~ITY

One driving force behind residential building construction during the post-war

period was the escalation in demand for affordable homes. To cope with economic

constraints at the time due to high labour and material costs~ the industry proposed

numerous design strategies to keep bousing priees low without compromising Iivability

(Friedman" Niessen 1991). They leamed ftom past experiences that by making the space

smaller, simplifying traditional building construction, and reorganizing layout, costs could

be reduœd. Their approaches included maximizing interior space by minimizing interior

construction, using building produets that cao be mass-produced, centralizing building

services, and introducing multipurpose rooms7 tbat serve various spatial functions. These

7 Eric Dluholcb (1974) œfi:ncd to Ibis type ofphysical fIcxibility to as locatioaallpositioaal Ocxibility. Tbe

use ofspKe mustbc capIbIc ofbeiDg aemmmodated inmous situaIicms andforpositioas.
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cost reduetion strategies generated design flexibility and adaptability in North American

wooden light frame housing.

Most of the post-war atTordable homes were designed to be simple and small for

economic reasons. This is understandable because the housing industry was tryiog to keep

up with demand, especially trom many low-budget, first-time homebuyers. However, the

need for space became evident as young families grew. Many couId not atTord the high cost

ofbigger houses in the suburbs. These people looked towards expanding their homes by

converting unfinished space in the attic and/or garage ioto living spaccl
. The Cape Cod

Cottage and the Levitt bouses were good examples of desigDÏng for vertical expansion

(Figure 3.7). Others, however, chose extemal expansion over internai expansion sincc it

interferes less with the structure of a building and with the occupant's daily activities9

(Friedman and Niessen 1991). The "Expandable House", desigoed by Robert Elkioton,

showed that additions and conversions ta an existing building can be done without domg

major modifications to the supporting structure (Figure 3.8). ln the project, "The

Expandable BuDgaJOw", architects Gill and Bianculli pushed the concept further by

concentrating building services to facilitate future extension (Figure 3.9).

3.4.1.2 DESIGN FOR FLEXIBn..rrv

Loog term spatial needs were atso anticipated by desigDÏng for iDterior tlexibility.

The principle wu to provide an open tloor plan to allow occupants to define their spaces

according to their particuJar needs. In contrast to the traditional home building, architects

replaced fixed partitions with movable walls, mobile partitions (accordioo walls, drapery)

or modular closets to create a space ofvariable funetions and requirements. For example,

1 Likcwise, Ibis is b:atioaaI/posit flexibility. Designers studied possible settinp with respect to

Cha"IÏ.1amily COIIICXt.

, "Ibis is fIexibiIity by Addition aadfor SubUacûon. abjects and SI*CS may be combined with 0Ibas ina

pœ-cIesiped way.
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Haydn Philips designed a minimum interior fixed wall in bis ~~Flexible Interior for Small

House" to maximize open space for indoor tlexibility (Figure 3.10). Vmcent J. Scully, Jr.

demonstrated in the project "One Room House" that centralizing building services

(plumbing, HVAC), kitchen and bathroom would help to reduce construction inflexibility

due to system entanglement. However, the need for numerous mechanieal deviees to use

the movable partitioning system drove up the priee (about 1 time more expensive than the

expandable house) (Friedman and Niessen 1991). For that reasoily Vincent proposed

movable storage units instead of mobile partitions to attain privacy, additional storage

space, and better ec:onomy (Figure 3.11).

In the following years, much effort was spent to produce designs that would satisfy

the home owner's needs in terms of oost, quality and efficiency. Cenain mass-produced

building produets were designed for interior tlexibility at a reduced priee. The modular or

panelized construction of prefabricated houses and mobile homes permitted a systematic

method ofbuilding expansion. Windows, doors, wall panels and other building parts were

standardized so that planning for tlexibility was made more predietable and economica1.

However, sorne flexibility designs became obsolete when numerous appliances, tixtures

and building systems10 were introduced into homes. Resolving technica1 difticulties such

as systems integration, became the main focus of North American bousing and building

technology research ftom the 196O's to the 1980's (Kendall 1994).

Planning for multiple occupancy was another strategy to eut housing costs.

Increasing residential density could help communities socially and economica11y. It would

also help to reduce urbanIsuburban sprawl, preserve resources and save energy (Berkus

1984). The Next Home is the latest example ofa flexible/adaptable house that is capable of

converting a single family dwelling ioto a multiple Camily dwelling. The OPen tloor plan

iD W"ucs. pipes, lIId ducts .mc:ma1PP'ianœ;. fixtures aad h,jldb'l systems are tixcd witbinc:ciIinpIfIoors

aad waDs. 1baâore, flexibility is laIricIedbr the di8ic:ulty of reJocatiDl1bese etcments
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lets occupants decide their own interior arrangement. A catalogue of prefabricated interior

and exterior building components offers tlexibility and variety in the selection before and

after construction. Future expansions, in lerms of both spatial requirements and building

services upgrades, are anticipated in the design in order to meet long..term user needs

(Friedman 1993).

ln recent years, new strategies for residential building tlexibility have been

developed worldwide. North America responded with the Open Building tlexibility

concept borrawed fram its office and retait sectors. The development, desi~ construction,

and buildings management are separated into three levels: base building, 6t-oot and FF&E

(fumishings, fixtures and equipment). This distinction between building components helps

to bring greater efficiency and control to large, complex projects (Dekker and Kendall

1996). In Canada and United States, some pioneering individuals in the bousing industry

are exploring the benefits ofthe Open Building concept.

3.4.2 CONSTRUcnON

The level of bousing tlexibility and adaptability depends on the physical limits of

building structures and materials. Setting up an open tloor pl~ for example, would require

alterations in the traditiooal root: tloor and celling construction in order to anticipate

additionalload due ta increased span. Economy is another factor fueling the development

ofnew building designs and materials. It helps to explain the industry's attempt to mass-­

produce new bousing produets targeted at a broader public. As a result, bouse design and

construction are becoming more ec:onomical and tlexible.

3.4.2.1 ROOF

Before prefabrieated roof trusses were commonly accepted in residential building

construction, homebuilders used joist and rafter systems to support the roof: Traditional

roof construction was complieated, labour-intensive and lime consuming. Moreover, the
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structure needed to he supported halfway by load...bearlng partitions, which constrained

interior flexibility. After the Second World War, the shortage of materials and labour, plus

the high demand for bousing pushed the development ofefficient bouse construction. The

prefabricated roof trusses were created to take greater load and stretch longer (spans the

eotire widtb ofhouse), use half the amount ofw~ and reduce oosts by eliminating extra

framing for the interior load...bearlng wall. Over the years, rooftrusses were improved to be

stronger and cheaper. They are even $Ometimes designed to give usable space in the attic

(CMHC F 1989).

3.4.2.2 FLOORICEILING

ln contrast to conventional solid wood structural members, composite wood/steel

beams and joists help to increase tloor and ceiling spans. They were created and evolved in

response to the need for longer spans. One type oflong span joist is witb wood flanges and

sheet metal tnISS webs (Figure 3.12). Others are made ofengineered wood in the forms ofa

oonventional joist, I...beam or truss. The open web design a110ws services (plumbingl

ventilationlelectrica1) to pass through, which increases flexibility for fixtures placement, as

weil as system addition and upgrade (Jones 1984).

Increased span means increased 0PeO space, wbich means increased tlexibility.

However, laying board sub-tloor (originally used to transfer load trom one tloor joist to

another) was considered cumbersome and inetlicient. So it was replaced by plywood to

improve installation and savings. Plywood panels are manufactured in standard sizes and

various grades. Because of its modular dimensions, it helps to organize tloor, wall and roof

construction in terms of joists, studs and trusses spacing. Therefore, tloor ares, size and

celling height cm he predetermined and oosts cao be controlled (Jones 1984). Furthermore,

the general application ofplywood for bouse construction (whether structural, decorative

or bath) made installation work nucb more efficient and tlexible.
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3.4.2.3 WALL

Traditional wall plastering was replaced by gypsum wallboard. Panelization bas

progressed trom small modular panels, through panels that are room size~ and finally up to

whole walls. The prefabricated wall panels have framing and sheatbing incorporat~

interior and exterior finishes~ insulation and openings~ plus services are tïtted out as options.

ln the 19405, a new type of pre-finished plastic coated plywood was created for interior

finishes (Friedman and Niessen 1991) (Figure 3.13). Recent movable partitions are pre­

finisbed and may have mechanical devices attaehed to permit connection ta walls~ floor

and ceiling. Some are equipped with service duets for wiring, which allows for future

system additions or upgrades without having ta remove the gypsum panel.

3.4.2.4 MECHANICAUELECTRICAUPLUMBING SYSTEMS

The demand for comfort and sanitation bas prompted the development of

mechani~electrical and plumbing systems. These systems controllightin& water supply

and waste dispo~ temperature and air quality, as well as appliances and eledronics tbat

are needed ta suppon human life~ work and entenainment. Since traditional systems were

too stift"to make connections, changes were made ta ameliorate installations during house

construction and renovation. These improvements included the use ofplenum duet systems,

the nearly universal use of circuit breakers, and the sbift from Metal to plastic supply and

waste piping (Jones 1984).

3.4.3 SUMMARY AND CONCLUSION

ln summary~housing tlexibility is generally used as a strategy to eut home building

casts in North America. Because aU building systems are interrelated, designing tlexibility

in one area normally requires design tlexibility in another (e.g. variable mterior space

needs movable partitions, wbich need an open tloor plan, which needs flexible building

services, which need truss beamljoists, and 50 forth). It seems like i~orthAmerican housing
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tlexibility innovations are following this hierarchical model for a complete building

upgrade. When the most basic building components are updated with flexibility design,

this hierarchica1 renewal process cm be reversed to achieve a higher degree of overall

bousing tlexibility. In order to determine the next bigbest level of tlexibility, we must

examine the basic building components and check whether their innovative flexibility

designs coexist or contradiet each other.
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Figure 3.1: Conceptual drawing of"Matura Infi11 System" and space to be titted out.
Lower system is comprised of"Matrix Tile," piping, "Baseboard Profile" and cabling.
Upper system elements include partitions, equipment, cabinets and tinishes. Pipes, cables
and upper system elements are off-the-shelfbuilding produets. (Source: Kendall 1996)
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Figure 3.2: A Swedish manufaetured home. Panels, complete with interior and exterior
finishes, cao be prefabricated for virtually any style of house. When construction is
complete, there is no visible difference between panelized and conventionally constructed
houses. Shown is a demonstration model. (Source: Kendall 1986)

Figure 3.3: A manufaetured-house faetory in Scandinavia. Manufaeturers say they are
capable ofprecise methods ofjoinery and fabrication not attainable in the field and claim
to waste less than four-tenths of 1 percent of raw material. (Source: Kendall 1986)
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Service COre 1$ placed on foundatlon.

Completlon of wall panels and addition of roof truSSIU.

50

ISt 'Ioor wall panels and 2nd tevel serVice core .. re placed.

Completed Single famllv home.

•

Figure 3.4: Site construction sequence ofa modular volume system. (Source: U.S.
Depanment of Housing and Urban Development (973)

Figure 3.5: Full size shell assembled from flat panels. (Source: V.S. Department of
Housing and Urban Development 1973)
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Figure 3.6: Construction sequence ora small panel system. (Source: U.S. Department of
Housing and Urban Development 1973)
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Figure 3.7: On top, the Cape Cod Cottage. At bottom, the Levitt bouse. These houses
provicled space in the attic for storage, or the Iater addition ofa bedroom, starage space,
and an extra bathroom. The idea wu to allow fàmilies to grow without baving to
immediately seek Iarger bousing. (Source: Friedman" Niessen 1991)
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Figure 3.8: The Expandable House 1954. A minimum number offixed features are used
to accommodate future growth with minimal disturbance. Therefore, a living room can
easily be converted into a bedroom. Note aIso the inclusion orthe double fireplace in the
original version, wbich allow this conversion offiJnctions to take place without any
changes to the masonry. (Source: Friedman" Niessen 1991)
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Figure 3.9: The Expandable Bungalow. In order to design a small bouse tbat could he
expanded according to a pre-determined plan, the designers arranged the circulation in
arder ta provide for a minimum disturbanœ to spaces during expansion. Furthermore, the
bathroom is centralized allowing it ta conveniendy serve additional bedrooms. Heating is
also located centrally, minimizing the amount ofduetwork neœssary to beat the house.
(Source: Friedman&. Messen 1991)
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Figure 3.10: Haydn Philips, Flexible Interior for Small House, 1950. For maximum
tlexibility, the Ooor plan is created with a minimum number offixed elements. (Source:
Friedman 1995)



•

/

o ~ 0

<>.,
~

O(]o [) (DIJTTl 0 oCIJOIJ

•

Figure 3.11: Vmœnt 1. ScuIlYt Ir. The One R.oomH~ 1951. To avoid a mecbanical
movable partition system and yet retain the benetits offlexible panitionin& privacy is
created inside the one room Itoust\ with the use of67

]" high movable storage UDÏtS. The
necessary utilities are kept to a minimum in the interior ofa masonry core in arder 10
maximize the living space. (Source: Friedman" Niessen 1991)
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Figure 3.12: Construetion lumber: (a) dimension; (b) veneer; (c) I-section; (d-t) open web
joists. (Source: Dietz 1991)
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Figure 3.13: Plastic Coated Plywood manufactured by Kimberly-Clark Corp.y 1946. The
newypre-finished rnaterial ofplastic and plywood was promoted as a finish for kitchens
and bathrooms because of ilS moisture resistant qualities. According to the manufaeturery
it is also durable enough to serve as a floor finish. (Source: Friedman & Niessen 1991)
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CHAU.ER..EOllB

NEW PRODUCTS TUATENABLE HOUSING FLEXIBILITY

4.0 INTRODUCTION

The prime objective of home-flexibility is to let occupants determine their own

layout before and after construction. The level of flexibility is proportional to how

independent building systems are. There is more flexibility when there is~ less

interference between Support and Iofill. In genera1~ Support and Infill consist of six

primary systems. This report only covers the tloor, root: partitio~ eleetrical, plumbing

and HVAC (Heating Venting Air Conditioning) systems. What really controls the level

of tlexibility are tbese systems ~ principl~ material properties~ installation an~ ofte~

their costs. The discovery of new materials and the application of new technology will

aIIow for more tlexibility. Notice, however, that intlexibility in one system will cause a

chain reaction of inflexibility in the lower systems. This chapter examines the technical

aspects of traditional building systems and components that restrain tlexibility. In

addition, the most recent innovations are investigated to show how flexibility cao be

improved.

For aesthetic reasons, building services are hidden within structures. They are also

hidden in arder to provide open space for higher tlexibility. But inflexibility is

encountered when building elements associated with one particular space must be kept.

Displacing one spaœ with another often means moving its services with it. Therefore~

tlexibility depends not only on how easily one space cao be reconfigured, but also how

fteely services cao he swapped from one room to another. It is often a limitation in

flexibility that sets the design principles. For example, the kitchen, washroom, and

laundry room must be located close to each other in order to reduce costs. The arrivai of

tomorrow's home tecbnology a1so shows tbat traditional homes bave difficulty coping

with tlexibility. People in the 21- century are more and more dependent on energy and
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information. Due to technological constraints, electronics and computers, they need all

kinds ofcables and wires to establish their network capabilities. Flexibility is required to

accommodate these additioüal services without compromising the flexibility of other

building systems.
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4.1 FLOOR FRAMING

4.1.0 INTRODUcnON

Distinguishing between the Support system and the Infill system is a method of

achieving housing tlexibility. One approach is to design an open space 50 that the building

structure cao avoid interference with its interior volume. Speaking trom the standpoint of

flexibility in North American wooden light frame house construction, the objective oftloor

and roof construction is to increase the unsupported span; therefore, permanent structures

such as beams, columns and load bearing partitions caR he taken away. This is

infrastructure Oexibility according to Eric Dluhosch (1974). Today, wood engineering is

the indusuy's route to building tlexibility: roof span bas been increased by the use of

trusses. Due to the invention of engineered wood produets, and the use of composite

materials and Metal anchorslconnectorslhangers, joist span bas increased. There are Many

tyPes of long-span joists. This section studies four typical long-span joists and their

degrees ofOexibility.

4.1.1 BASIC

"The structural sheU must he ereded before other works cao begin. It consists ofthe

foundation, Ooors, walls and root" (CMHC 1997). The construction process 5Uggests that

tlexibility should begin with the building structure. In North America, dimension lumbers

are mostly used in traditional wood light ftame construction. Their sizes are proportional to

the amount of load they take, as weU as wood species and grades. Because dimension

lumbers are soli~ they use considerably more wood wben taking1arger loads. Therefore, in

terms of construction economy, stretcbing long distances will Dot he feasible without

mating the intennediate supports. The consequence is tbat ÎDterior tlexibility is

compromised ailer construction. Moreover, tbis iDflexibility may cause material wastage

and bigher labour costs ifmajor renovations are needed in the future.
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4.1.1 TYPES OF JOIST

ln contrast to dimension lumber, engineered wood produas provide equal or

superior performance. They make better use of forest resources by using less wood, and

using wood from small, fast growing trees. Chips or slices of wood are bonded with

chemicals (mostly special glue) to fonn laminated timber, wood (-joists and structural

composite lumber. Dimension lumber and other laminated timber are sometimes combined

in the making of new-engineered wood produas using glue or mechanical fasteners. The

most common example is the engineered roofltloor tross. It is generally a parallel-chord

tross with metal or wood webs. Wood I-joists consisting of lumber flanges and plyw~

waferboard or oriented strandboard webs are also being used more frequent1y. These

produets provide greater flexibility in design by virtue of their larger spans and their

capability to house services (i.e. the web area can be cut to make access for plumbing,

wiring and dUels). In additio~ when used for the roof structure, they cao aceommodate

higher insulation levels (CMHC 1997).

4.1.3 JOIST SPAN

Providing a stitfer structure is one prerequisite when designing an open f100r plan.

Wood I-joists become good alternatives to dimensional lumber because they can take a

luger load by using less material, and may even permit a wider spacing between memben

leading ta even furtber reduetions in material requirements (CMHC 1997). However,

engineered wood joists are manufaetured in certain dimensions oo1y. There are several

factors ta consider wben deciding the joist span: maximum defleetion allowable by code,

amount ofdeadllive load, f100r sheathing tyPe and thiclmess, joist spacing, specieslgrade

ofmat~ provision ofjoist strapping and bridging, as weB as size ofjoist. Dimensiona!

lumber joists bave nominal sizes ftom 2 x 6 inches to 2 x 12 inches. Their average spans

range from 8 feet 7 inches to 21.S (eet (CMHC 1997). Engineered wood I-joists bave spans
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ftom 13 feet to 27 feet. The special V...joists have spans ftom 12 feet to 20 feet. The metal

web space joists have spans trom 12 feet to 30 feet. While the wood space joists have spans

ftom 10 feet to 30 feet. Below is a summary chart ofjoists' maximum spans (Figure 4.0):

Spacejoist
(wood)

Spacejoist
! (metal web)

li- V·oist1 1

Woodl-joilt

Dimeneional
lumber

............ 30

......~30

".27
.upperimit
.Iowerlimit

o 5 10 15 20 25

lIuimum S... (filet)

30 35

•

Figure 4.0: Engineered wood joists maximum spans.

4.1.4 JOIST SIZES

Many manufaeturers use tloor span to determine joist sizes and spacing. Tbese two

factors bave significant influences on construction economy; either narrowingjoist spacing

or deepeniDg the joist cao change the spans. Ifthe spacing is narrowerll more material and

labour will be needed 10 install the floor. If the joist is deepter,. which means the

floor/ceiling structure would be "thicker",. the more material and labour will be needed 10

construe:t the exterior building envelope. The second alternative seems to be more

reasonable to house pipes, wires, ventilation duets and other add...an building systems. It

a1so bas higher post'"'COnstnietion tlexibility because it bas less structural members

spanning &erOS$, meaning tbat tbere are fewer obstacles (especially cutting holes) when

new building services are to be added. Optimum strueturaltayout is achieved when the
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equilibrium between budget and needs is attained. Below is a table showing typical sizes of

joists (Table 2):

Joist Depth (inches) Nominal SÎZes Joist Spacing
(inches) (inches)

Dimension Lumber 6, 8, 10, 12 2x6, 2x8, 2xl0, 12, 16, 24
Joists 2xl2

Wood I-joists 9 V~ 9 %, Il ~, Flange Sizes: 12, 16, 19.2
Il Vz, 11 718, 12 Vz, 2x3,2x4
14, 16

V-joists 9 Yz, 10 V.., 12 NIA, 12, 14, 16, 19, 24
Classified by joist
depth

Space Joists 9 V.., 10 %, Il 'A, Flange Sizes: 12, 16, 19.2
(metal web) 12 V.., 14 'A, 15 % 2x3,2x4

Space Joists 9 3/1, 13, 16 Flange Sîzes: 12, 16, 19.2,24
(wood) 2x3,2x4

Table 2: Typical joist sizes.

4.1.5 LOADISPAN COMPARISON WITR REFERENCE TO JOIST DEPTB

Generally speaking, engineered joists are oot mucb stronger tban dimensional

lumber below a 16 feet span (Table 3); they are atso less suitable due to their higher oosts.

The ditrerences become apparent when spans exceed 16 feet because conventional

dimension lumbers do Dot stretch beyond tbat extent (Figure 4.0). The width of a bouse

generally takes advantage of plywood modules of 4 feet. Therefore, homes often bave

overa1l widths ofbetween 16 feet and 32 feet. Any width in this range cao be supported

with either one row of simple-span engineered wood joists, or two rows of dimension­

lumber joists with columns and beams or load beariog partitions (Figure 4.1). Loading

conditions and construction details must be specified in order to compare the loadlspan of

various joists. Let us assume the foUoWÎDg: 40 PSI live l~ 15 PSI dead Joad, U360
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maximum allowable deflection, 5/8 inch OSB or plywood nailed subtloor, 10 inch joist

depth (minimum size for ail engineered wood joists) with 16 inch spacing, plus ail

necessary strapping and bridging. The spans are summarized in table below:

JoistTyPes Spans (Ceet)

Dimension Lumber Joists 14'-10"

Wood I-joists 14'-11"

V-joists 15'-0"

Space Joists (metal web) 16'-2"

Space loists (wood) 20'-0"

Table 3: Joist spans

Wood spaœ joists are the sttongest ofail. Other joists bave spans roughly between

15 feet and 16 feet. Note tbat dimension lumber joists and V-joists are manufaetured in

standard lengths, therefore, cutting ta fit is often unavoidable. Other engineered wood

joists can be made to user-specified dimensions, which eliminates field cutting. Atso, most

of these joists can be trimmed al bath ends for on-site adjustment, which increases

flexibility during construction.

4.1.6PRICE

The priee furtber explains whether one type ofjoist is suitable for a project. It is

therefore important to check the cost ofeach joist. This subsection discusses ooly the cost

of materials (the joists themselves) regardless of their relative installations, but hardware

rosts and shipping. Assume ail joists are 9.5 inches deep and have 16" œnter-to-center

spacing.

Below is a comparison ofpriees:
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Cast per each

loist Types 12' 15' 16' 18'

Dimension Lumber11 $15.27 SI8.84 (14') S23.83 NIA

Wood I-joists12 - 528.5 .. 536

V-joists - 530 .. 536

Space loists 522.56 527.90 532.64 546.80
(metal web)
Space Joists .. 522.65 .. 541.58
(wood)

Table 4: Cost ofjoists

4.1.7 PRODUcrS

4.1.7.1 WOOD I-lOIST

In contrast to dimension lumber, the joist in "f' profile bas a higher moment of

mertia and resistance because it consumes less materia!. The I-section strudure, which is

extensively used in current steel construction, cao also be produced in wood by gluing or

nailiDg. The wood I-beam was Dot popular before the Second World War because of

abundant wood resources and high fabrication labour. The earlier models were usual1y

made ofplywood web and sawn lumber Oanges tbat were glued and nailed to the top and

bottom of a web (Figure 4.2). Initially it wu meant to replace the salid lumber beam;

however, it was eventually replacecl by the laminated beam that takes even less time to

produce (Oôtz 1983). Nevenheless, the tecbnology was kept for the development of

engineered wood I-joists for their inherent advantages. The strengtb and quality were

11 Rdail priee nlJtajned fJom Roua Eatœp6t,B~ Cmada Mardl, 23111 2000•

12 JagcI' lDdusbies IDe.
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improved by using laminated veneer lumber (LVL) tlanges and Oriented Strand Board

(OSB) webs, which are more resistant to water damage.

Engineered wood I-joists have severa! advantages over traditional dimension

lumber joists. Besides offeriDg long spans, tbey are lightweight; thus, they reduce the

builders' job-site labour and material needs while providing roofand tloor systems that are

rigid and uniform. The design varies ftom company ta company. Jager's Super (-joists are

manufaetured with 2 iDCh x 3 inch or 2 inch x 4 iDCh sawn-Iumber Oanges and structurally

enhanced Oriented Strand Board (i.e. high-density OSB) webs (Jager Industries fne. 1999)

(Figure 4.3). This configuration uses up to 35 percent less wood fibre. The result is a

superior wood tloor system that cao carry greater loads with less bounce and vinually no

shrinkage. The Jager I-joists are available in five ditTerent series and depths ranging nom 9

~ inches to 24 inches. They cao be cut to exact lenp or shipped in long lenp for field

cutting (Figure 4.4). TrussJoist MacMillan Ltd. (1999) modified the design of I-joists

further by using laminated veneer lumber (LVL) for flanges. Available in three Oange sizes

nom 1 ~ inch x 1 % inch to 1 ~ inch x 3 112 inch, the I-joists bave a slighdy superior

performance to those made of sawn lumber fianges. In addition, they are a better use of

wood resources.

Framing [-joists is not much ditferent than dimension lumber. The joists are

conneeted using deeper metal bangerslconnectors (Figure 4.5). Two I-joists cao be nailed

together 10 form a girder with the addition of tiller blacks. Nailing web stifTeners to

increase tbeir designed spans or loads cao a1so reinforce wood I-joists. This is tlexible

because joists cao be reinforced where the point load is instead of reinforcing the entire

member. The web stifTeners fit in the web arca, and their total tbickness does not extend

beyond the width of the tlanges. Therefore, I-joists will not restrict the tlexibility ofother

building componen~ and they also reduce the costs ofmaterial and labour (Figure 4.6).

Another advantage of I-joÎStS is that they a1low plumbin& electrical and

mechanical services to pus tbrougb. However, there are guidelines for bole cutting. Any
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hole smaller than 1.5 inches may be located anywhere in the web. A maximum size hole is

only permitted at mid-span of the joist. There is a1so a minimum clear distance between

holes if more than one hole must be eut in the web. Moreover, Oanges cao not he eut or

notched. The guidelines are summarized in the table and chart below (Figure 4.7):

4.1.7.2 V-JOIST

V-joist is a prefabricated joist made trom osa boards that are uwelded" (g1ued)

together using reinforced polyester resin (Les Systèmes V-Joist me. 1990). The bottom of

the joist bas a steel bar embedded in the weld to increase its tensile strength. The "V" shape

joist cao be cut 10 desired lengths at the faclory. However, field cutting is questionable

without the use ofa special saw that cuts both wood and steel. The V-joist system bas four

principle components: the joist, polystyrene iosulated riro joist (which bas an R-value of

20), laminated veneer lumber(LVL) beam, andjoist cap hanger(Figure 4.8). The floorwill

have a unifonn and stable performance thanks ta its monocoque construction, and because

ofthe shape ofthe joist and the way it is engineered. The V-joist resists vibration, thus it is

sUent. It also bas good lateral stability; therefore, temporary bracing during construction

cao be avoided. V-joists are manufactured in three depths (9.5 inch, 10.25 inch, 12 inch)

and five standard lengths (12 feet, 14 fcet, 16 feet, 16 fcet, 19 feet, 24 feet). The web cao

also be eut to malte acœss for plumbing, electrical and mecbanical services. Similar to 1­

joists, guidelines for aatting apply. A chart showing the size and location of openings is

summarized in Figure 4.9. Nevertheless, the V-joist is a non-conventional tloor fi'aming

system. It lacks tlexibility in certain ways: joists cannot be connected sideways, or nailed

together in parallel to form a girder. They cannot be reinforced midway, nor cao they be

cantilevered or extended. Building intermediate supports (e.g. load bearing partitions or

columns) for V-joists may be complieatecl and time col1Sllm ing because of the triangular

shape orthe joist. Moreover, the joists are DOt c:onnectecl using regular metaI joist bangers

that are widely available on the market; instead they use special joist cap bangers. This may
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cause inflexibility for construction or renovation when the system becomes obsolete or

parts become unavailable. In summary, the V ·joist bas a good span, but it lacles tlexibility

in terms ofvariation in the structurallayout.

4.1.7.3 METAL WEB SPACE JOIST

1. SPACEJOIST

The Metal web space joist consists of two parallel wood frames connected by high

tension galvanized steel plates in the fonn of a truss. The web is made from individual

forged plates with teeth, which are pressed into the sides of the top and bottom Oanges.

Metal web space joists are light yet strong. Their maximum unsupported span cao reach 40

feet (Truswal Systems Corporation 1993). They can also he used for Ooor, roof or wall

construction. When used as rafters in roof construction, they cao help to create habitable

space in the attic (Figure 4.10). The open web area cao he filled with insulation, or

accommodate pipe$y electrical wires and ventilation duets. The entire space joist Ooor

system can even serve as retum for heating systems if permitted by local building codes.

The maximum dimensions for ducts are provided by Jager SpaceJoist in figure 4.11.

Most manufaeturers use computer software to calculate the load pattern of space

joist systems. Therefore, joists cao he custom built to bear the specialloading condition of

a project. The Metal web space joists manufaetured by Jager Industries mc. are categorized

by the size of top and bottom Oang~ depth and grade. There are two tlange sizes (2x3 "

2x4), tivejoist deptbs (9.25 inch, 10.75 inch, 11.25 inch, 12.75 inch, 14.25 inch, 15.75 inch)

and three grades available. The joist length is determined by the user. The Metal web space

joist is a more flexible tiaming system tban other engineered wood joists because there are

many ways to connect the joist to other stnIctural members. The space joist can he

supponed al the bottom end ofthe top Oange. This type ofœnnection increases the speed

ofinstallation; in addition, the structure is more stable during construction. It cao also be
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supported by sitting on top ofthe sill plate, beam or load bearing partition. Otberwise, it is

conneeted to beams in the web via joist bangers (Figure 4.12). Two space joists cao joïn

together side by side to fonn a girder. Moreover, dimension lumber cao he inserted into the

cavity between plates in a web to make a cantilever extension or reinforcement. These

inserts are nailed in place; therefore, it is quick and easy to strengthen the joist where the

point load is (Figure 4.13). With the block insen, it is possible to connect joists sideways.

This application is used to construet stairweUs (Figure 4.14). For increased working

tlexibility on site, metal web spaœ joists are availahle with ends that can he trimmed. This

design feature a1lows the joist ta be adjusted (i.e. cut to length) wben the aetuaJ foundation

wall is oft: without disturbing its structural integrity. Up to 12 inches on both ends are

trimmable (Figure 4.15).

The bigest concem about space joists is their tire resistanœ: the Metal web loses

its strength under high temperature. In faet, most building codes regulate tire ratings for

space joists in residential construction. A one-hour tire rating can he achieved with two

layers of ~ inch gypsum board screwed to the bottom of joists. This added ceiling

thickness, however, might somehow restrict the accessibility ofplumbing, wiring and other

mechanical services. It also suggests that susPension-œiling systems may not be usable

because they will not provide sufticient tire protection. Apart ftom tire resistance, sound

protection is also an imponant consideration. The space joist tloor system bas a minimum

STC rating of42 witbout sound absorbing insulation. Because of its open web design, the

sound ratiog can be improved to STC 55.

2. TRUSS JOIST

Anotber type of metal open web joist is manufactured by Trus Joist MacMillan

Limited (2000). It uses double Laminated Veneer Lumber (LVL) for Oanges, and tubular

steel for webs tbat are bolted to the top and bottom chards (Figure 4.16). The truss joists are

bdween 14 inches and 72 incites deep. The tlanges bave four dimensions (1.5 inch x 2.3
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inch, 1.5 inch x 3.5 inch, 1.5 inch x 4.75 inc~ 1.5 inch x 5.5 inch) and are pre-sttessed for

increased performance. The tubular steel bas five diameters (1 inch, 1.125 inc~ 1.25 inch,

1.5 inch, and 2 inch) to choose from according to user requirements. The spans range from

14 feet to 70 fee!, while the minimum 14 inches deep joist bas a span ofbetween 14 feet ta

20 feet. The loadlspan characteristic of a truss joist is similar ta other engineered wood

joists.

The truss joists have severa! profiles, and they cao be used for roof trusses (Figure

4.17). The installation resembles that of the space joist. It also shares many other

cbaracteristics: it spans longer, is easily and quickly installed, and allows passage for

plumbing, electrical and mechanical services. However, it Jacks the flexibility and variety

in terms of joist connection or extension. The truss joist system is not suitable in the

basement because the top Oange is set on top ofthe supporting structure al both ends. As a

result, it reduces tloor to ceiling clearance (Fi8UJ'e 4.18). Like I-joists and SPaceJoists,

bracing for truss joists is required during erection to prevent lateral buckling of the Oange

members.

4.1.7.4 OPEN WEB WOOD JOIST

OPen Joist 2000 wu derived from the g1ued wood truss beam that was developed in

the 1950s for use in bath light and heavy wood thune construction (Open Joist 2000, 1996).

The top and bottom Oanges, as well as the bar web bave incisions and are finger-jointed

using special glue (Figure 4.19). The maximum allowable span is 98 feet. The utmost deptb

cao reach 10 fcet; however, depths in between 1 foot to 2.5 feet are the most plpular (Gatz

1983). The OpenJoists 2000 are manufaetured in three standard deptbs: 9 3/8 inch, 13 inch,

and 16 inch. The sawn-Iumber Oanges bave two standard dimensions: 2x3 and 2x4.

Minimum joist length is 10 fcet, and the maximum is 30 feet. The joist cao he supported

either by sitting on top of the sil1 plate, bearing wall or beam, or by using a joist hanger.
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Unlike SpaceJoist or truss jois~ Open loist 2000 must provide backer blocks l
] at both eneis;

this prohibits the joist trom being hung trom the bottom ends of the top Oanges. lob site

length adjustments of Il inches will minimize material waste and assure a security butTer

for the builder (Figure 4.21). Open loist 2000 also exhibits a varidy of structure

combinations: twojoists cm join together side by side to form a girder; the web area cm he

reinforced with plywood on both sides for stair stringer support (Figure 4.22), a point load

(Figure 4.23), and a cantilever that supports load bearing wall (Figure 4.24). A 2" x 10"

solid lumber cao he inserted and nailed to the webs for a dropped cantilevered balcony

(Figure 4.25), or a solid lumber cantilever perpendicular to the joist (Figure 4.26).

The installation of Open loist 2000 is similar to Space loist and 50 are the

precautions. The webs and Oanges cannot he cu~ while the backer blacks cu not he cut ta

less than 1 % inches. Continuous bridging must he provided at mid-span for increased

lateral stability and load distribution because these joists are deep. Moreover, because the

outennost web bars are designed going downward, Open loist may not he used as rafters in

roofframing (Figure 4.27).

4.1.7.5 PREFABRICATED ROOF TRUSS

FoUowing the end of the Second World War, a high demand for bousin& and a

sbottage of materials and labour urged builders to cali for efficient ways ofbuilding. Pre­

assembled companents or new types of materials were used to boast production. For the

fICst tim~ prefabricated roof trusses were widely incorporated in many post-war bousing

COnstructiODS. They were designed to replace joist and rafter systems because traditional

roofsupport construction was complieated, labour intensive and time consuming. Another

disadvantage oftraditional roofframing wu tbat intermediate supports were needed. This

13 BackctbIocks: Blocks ofwood or 0Ibcr mafcrial ta fiIl in aad reiDforœ die web ofa wood I-joisa,

spKC joislor lruSS joist. BackerbIocb are typiQIly wbae a bangcr will be aa.:hcd tg tbe joisa,

a1lowiag for Ibc aaaduncol aad support ofaaoIbcr S1IUCbIIal mcmber (Bjanc;hjna 1997).
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required more materials and labour, and restrained indoor tlexibility. Roof trusses

eliminated most of the drawbacks 8SSOCiated with the old joist and rafter system. They

were engineered because their physical behaviour was predictable. Truss members were

beld together by bolts, metaI connectors, and. tater, by "Gri...P...Late" and "Gang-Nail"

(Figure 4.28" 4.29). Gri-P...Late and Gang-Naïl are generally gauge metals that have teeth.

They were pressed ioto the wood with a hydrauiic press, eliminating the need for nails

(CMHC A 1989). Reœntly manufacturers have entered the computer age, and trusses can

now he designed 10 fit many roofshapes, stretch many widths, and bear any specified load.

They can even be simulated and tested on the computer before they are aetuaIIy produced.

Trusses use about 50 percent less wood, span the entire width ofa bouse, and their low cast.

fast installation and custom built characteristics increase tlexibility before and during

construction. However, there is one potential drawback. Post construction flexibiiity is

restrieted as the space (or attic) in the middle of some low-pitched trusses may Dot be

usable. This situation worsens when an airtigbt building envelope must be kept between

the trusses and the ceiling.

4.1.7.6 COMPUTERIZED DESIGN SERVICES FOR ENGINEERED LUMBER

Today, the use of computer software is getting more and more common in the

construction industry. In the near put, there were specialized computer programs for cast

estimation, as weil as for some construetion-related tasks sucb as accounting and paytoll

(BiancbiDa 1997). The CAO (Computer-Aided Design) programs came later. However,

due ta the high cost ofthe programs and ofthe intensive training required to operate tbem,

these were more common in large architecture firms. The popularization of personal

computers and "user tiiendly" computer pro~ wbich began in the Iate 19805, bas

enabled many users to do design and aaalysis in a way tbat would not have been possible in

the put. & • result, builders and remodelers will benefit as computer software increases

ftexibility and produetivity.
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Increasingly, a number ofengineered lumber manufaeturers are incorporating tbeir

produets in their software. These computer technologies are capable of putting the power

of some very sophisticated engineering rigbt ioto the bands of the average contractor

(Bianebina 1997). They cao even suggest the types of material (trom manufaeturers'

inventories) that are most economical to builders. For example, the Trus Joist MacMillan's

TJ-Xpert computer software is basically an interactive product catalogue that includes

tloor and roofdesign, and contains data conceming l-joists, beams, blocking, and hangers.

It provides a complete analysis of floor and roof systems. It calculates struetural loads,

distributes the loads to the individual members while sizing the~ and it develops a

complete materiallist and ftaming plot (Bianchina 1997).

The design process begins by inputting dimensions for the bouse tloor plan ioto the

computer. The computer will create the most cost-etTective layout that meets current

building codes. However, the computer-generated design may not be the best one for the

builder to aetually work with on site. This is because the computer may mix different

spacings depending on the span. Therefore, inexperienced users need to work with a

consultant to correct any irregularities. With suggestions tram a struetural designer, the

original design caR he refined using the computer. The whole process caR take

approximately three to four hours for a lypical bouse. The program will then print out a

drawing ofthe structure's layout. &ch struetural member on the drawing is identified with

a specifie code letter or number. The drawing is also keyed to a set of detailed framing

instructiODS. These show howeach section should be assembled, wbat banger to use where,

safety precautions specifie to the use ofmembers during erection, and the nailing schedule

for each section (Bianchina 1997) (Figure 4.30 & 4.31).

For optimum flexibi1ity» the design cao be modified anytime. For exampl~ by

cbanging the maximum aUowable horizontal member deflection from U360 to U480, the

computer will instantly recalculate and update the structure's Iayout by ehanging the

member siz.e or spacing. Buih-in pricing for the Trus Joist MacMilIan's TJ-Xpert TH
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produets also aUows the designer to instantly project the oost differential for the builder

between the code minimum and any upgrades in ftaming, member size, or spacing. The

"instant engineering" features of computer softwue, offer builders flexibility, and

timellabour savings. The advantages are i1lustrated in the followiDg example (Biancbina

1997):

"Suppose the builder is right in the middle of taying out the

second-floor framing, and the plumber points out that one of
the joists sits where the toilet will he. The builder cao cali me
here al the yard, and ru pull bis design up on the computer.
Wlthin minutes, 1cao teU him if it's okay to move the joist
and inaease the spacing to clear the plumbing. Ifthe spacing
cao't he inaeased, 1 cao bave someone deliver him an
additional joist 50 he cao slip one in on each side ofthe pipes.
Either way, he bas an accurately ftamed building with a
minimum of downtime." "Frustrating changes that occur
during construction - moving a bathtub location, for
example, or changing a lightweight fiberglass shower to a
mud-set marble enclosure - cao be easily accommodated.
Rere again, the builder only bas ta cali the designer and
specify the details of the change, and the design cao he
instantly a1tered to retlect the exact live and dead load
requirements over the specifie area involved."

The detailed material Iist is aeated after the design is tinalized. This includes

engineered lumber produets, bangen and connectors. Quantity, dimension, model number,

blocking panels, web stitTeners, reinforcing materials and plywood are listed as weil. Once

the list is complete, the computer will check the availability of materials and then their

priees. This cast eerimatiOD feedback a110ws users ta immediately calculate how changes

in the building design will affect the priee ofthe engineered lumber materials specified. It

il, therefore, a decision-making tool tbat increases tlexibility before and during

coDStruetion (Bianchina 1997).
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4.1.8 CONCLUSION

The Support structure itself is not flexible, but it grants flexibility to Infill Systems.

It is generally permanent, therefore it cannot be easily modified to accommodate more

flexibility. Traditional framing systems with dimension lumber joists, beams, columns and

load bearing partitions already have some degree of flexibility built-in. If moving around

spaces and their respective building services is frequently needed, it is necessary to

separate the Support and Iofill. Engineered wood produets make this separation possible in

wood light frame construction by reinforcing material strength and resistance. Different

eogineered wood structures bave ditTerent degrees of tlexibility. Open web joists allow the

easiest passage of plumbing, electrica1 and mechanical systems. Computer software

pushes the tlexibility to the next level by speeding up the design proœss and visualizing

changes in the loading pattern. Sorne Support stnIctures otfer a wider variety, and cao be

modified to suit specifie space conditions. For example, the engineered wood I-joists,

Space10ists and OpenJoists give contradors more Oexibility during construction.

Nevertheless, users do not have direct control over Support strudUres. The maximum level

of tlexibility can be explored ooly when Infill Systems match Support Systems'

capabilities. The foUowing sections will study the interaction of various building

components between the partition wall, stairs, plumbing, electrical services and HVAC

systems.
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Figure 4.1: Floor framing. The width ofa house generally takes advantage ofplywood
modules of4 feet. Tberefore, homes often have overall widths ofbetween 16 feet and 32
fcet. Any width in tbis range çan be supported with either one row ofsimple-span
engineered wood joists, or two rows ofdimension-Iumber joists with columns and beams
or load bearing partitions. (Source: CMHC 1997)
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Figure 4.2: Earlier modela ofwood I-joist. Tbese were usually made ofplywood web and
sawn lumber tlanges tbat were glued and nailed ta the top and bottom ofa web. Initially
it wu meant ta replace the solid lumber beam; however, it wu eventually replaced by the
laminated beam that takes even less time to produce. (Source: ootz 1983)

Figure 4.3: Jagers Super I-joists. Jasers Super I-joists are manufactured with 2" x 3" or
2" x 4" sawn-lumber flanses and strueturaIly enbanced Oriented Strand Board (OSB)
webs. This configuration uses up to 35% less wood fibre. The result is. superior wood
tloor system tbat cao earry more loads with less bounce and virtuaIly DO sbrinkage.
(Source: JagerJodustries lNe. 1999)
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Figure 4.4: The Jager I-joists series. The Jager I-joists are available in five difTerent series
and depths ranging ftom 9 ~ inches to 24 inches. They can be eut ta exact lengtbs or
sbipped in long lengths for field cutting. (Source: Jager Industries INe. 1999)

Typai Double BI
Manger Inmls.tfon
(LBVstmie.r)

•

HB
(B .imilar)

Figure 4.5: loist hanger. Framing I-joists is DOt much ditrerent tban dimension lumber.
The joists are conneded using deeper metal bangersfconnectors. (Source: Simpson
Strong-ne Company, INe. 1997)
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driven from eac:h side (slaggered)
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/ JS120/30

/J

J5120/30

2x + 5/8" ply/OSa filler 2'-4' long
cenlered at hanger location

1'f~~ift-- (lenglh of filler delermined by point load)
2x4 + 3 1rr widc lt S/8" ply/OSS
inlCrmedialC tiller bloc:k @ 4' ole

6 - 2 112· (8d) nails min. driven from
cach side for inlCrmedialc fihers

2 l/n" (8d) nails @ 1r ole
driven (rom exb sidc (st41ggcred)

2x + 5/8" ply/OSa filler 2' - 4' long
cenlCm:l at h3nger location
(lenglh of fiUer dctermined by point 10lld)

~:--...--- JSl20130

3 112" (16d) nails @ 6" ole
samc number of rows as tiller

concenU'ated point load

3 112" (16d) R3ils@6.oIery'
same numbcr of rows as filler

ConccnUWd point load~

1· plylOSB built-up thiek bac:kcr black
2' - 4' long ecntered al hlmger location
(Iencth of bac:ker cletermincd by sidc load)

1" ply/OSa built-up lhick backc:r black
2'-4' long cenlercd al hanger Iex."alion
(lcnglh of bxker dclermined by sidc lood)

Install tiller and backer blacks lighllo the
top chard for IOp mounl hangers and lighl
ta the bollom chord for face mounl hangers

With Concentrated Point Load

Figure 4.6: Girder fastening details_ Two I-joists can be nailed together to fonn a girder
with the addition of tiller blacks. This example shows a build-up gir'der for concentrated
point load. (Source: J88er Industries IDe. 2000)
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•
Figure 4.7: Hale aatting guidelines for I-joist. One advantage ofl-joists is tbat they aUow
plumbing, electrical and mechanical services to pass through. However, there are
guidelines for hole cutting. (Source: Jager Industries Ine. 2000)
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Figure 4.8: The V-joist system. The V-joist system has four prineiple components: (1) the
joist~ (2) POlystyrene insulated rim joist~ (3) laminated veneer lumberb~ and (4) joist
cap hanger. (Source: Les Systèmes V-Joist Ine. (990)
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Figure 4.9: Hole cutting guidelines for V-joist. Similar to I-jo~ the web ofV-joist can
a1so he cut to make acœss for plumbing, electrical and meebanical services. (Source: Les
Systèmes V-Joist Ine. 1990)
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Ajoutez de l'esgacaaune maasan de UR _ en
lui ijaulanl un duifme plandler et une struc­
!Ure de tOll.. et ce. en ublisant li poutrelle
SQaœJOISl

Figure 4.10: The Jager's SpaœJoist can help to create habitable space in the attic when
used as raflers in roofconstruction. (Source: Truswal Systems Corporation 1993)

Tableau des dimensions des conduit' (Vet) Tableau de, dimen,ions des conduit, /ye2)
Typ.", Dlm.nsfans mulmal.s • Pouc•• (Méllfqu.) Typ. d. Dlm.nslans mlllmal.s, POUCIS (M.t1tQu,)

pouli'''' ..- II- .- s- I y poutr.". d- Il- w- s- 1 y

,na 5.83' J.n" 8.41' 5.1' 6.25' 24' 1an 6.OS· 3.83· l19' 5.22· 6.25' 24'
14Smm ~ 214mm 13cmn 15tnm 610rnn 1S4mm 97mm 2Q8mm 133mm Isamm 61Crnm

lDV20 7.46' 4.13' 8.46' ô.or 1.75' 24· 12V2 755' 475' 8.48' 609· 8.25' 24'
189mm 12()nm 21Smm 15~ 19&nm StOrm! 1921m1 1211m1 21SlM! 1S5mm 209mm 61Crnm

lma B.9r 6.42' 8.2r 723" 9.75' 24' 14V2 994· 6.28· Il 13· 803' Tl 25' 24'
228mm 163mm 210nm 1841m1 247mm 61Qmn 2S2mm 16Qmm 283tm1 2Q4mm 285mm 61()nm

l&VlO to.(r 7.ag. 10.3' U" 12.75' 24· l&VZ 10.36· 6.92· 1141" 8.33' 1VS' 24'
266mm lStmn 262rmt 213mm 323mm 61tmn 263nVn 176mm 29lmm 212mm 323mm 6t()nm

'us C2Jft8S1QRS sDiaifts lIIMIff earotd'~~ 01 ,JI'

Figure 4,11: Maximum conduit dimensions for SpaceJoist. The open web area cao be
mled with insuIation, or accommodatepi~ electrical wires and ventilationdu~
witbout cutting. (Source: Truswal Systems Corporation 1993)
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Figure 4.12: Installation ofSpaceJoist. Metal web space joist is a more flexible framing
system than other engineered wood joists because there are many ways to connect the
joist to other structural members. For example, the space joist cao be supported al the
bottom end oftop flange. This type ofconnection increases the speed of installation; in
addition, the structure is more stable during construction. (Source: Jager Industries Inc.
1999)

Port'-à-faux pourplancher Porte-à-faux avec murporteur

•

BalcDn ar,c d,sc,nl,

Figure 4.13: Reinforcement for cantilevered SpaceJoist. Dimension lumber cao be
inserted ioto the cavity between plates in a web to make a cantilever extension or
reÎDforcement. These inserts are nailed in place; therefore, it is quick and easy to
streugthen the joist where the point load ÎS. (Source: TruswaI Systems Corporation 1993)
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Escalier avec poutrelle maÎtresse et alternatifs

Figure 4.14: Staircase framing detail. Il is possible to connect joists sideways with the
block insert. This application is used to construet stairwells. (Source: Truswal Systems
Corporation 1993)

Figure 4.15: SpaceJoist with trimmable ends. For increased working tlexibility on site,
Metal web space joists are available with ends that cao be trimmed. This design feature
a1lows the joist to be adjusted (i.e. cut to length) when the aetual foundation wall is oft:
without disturbing its structural integrity. (Source: Lumber Specialties 1999)
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Any de"", bet1l1ttn minimum and
maximum is available. Contact
your Trus loist MacMillan
re"resentaüvt for additio"al
i'l'ormation.

Figure 4.16: Metal open-web trussjoist. The trussjoist uses double Laminated Veneer
Lumber (LVL) for tlanges, and tubular steel for webs that are bolted ta the top and
bottom chords. (Source: Trus Joist MacMillan)
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Figure 4.17: Different profiles oftruss joist. The truss joists cao a1so be used for roof
trusses. (Source: Lumber Specialties 1999)
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APPUCAnoN \IIITH NO IIRAŒD END WAU.

Figure 4.18: Installation detail of truss joist. The truss joist system is not suitable in the
basement because the top Oange i5 set on top ofthe supponing structure al both end5. As
a result, it reduces Ooor to ceiling clearance. (Source: Trus loist MacMillan)

Figure 4.19: Open web wood joist. The Open loist 2000 wu derived trom the glued
wood truss beam tbat wu developed in the 19505 for use in bath Iight and heavy wood
frame construction. The top and boItom Oanges, u well u the bar web bave incisions and
are finger.jointed using special glue. (Source: Gôtz 1983)
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MECHANICAL SERVICE CLEARANCE

Figure 4.20: The open web design facilitates the installation ofmechanica1 and electrica1
conduits. This design aIsa prevents accident cutting ofthe structure by giving access ta
additional building services in future renovation. (Source: Open Joist 2000 1996)
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• Figure 4.21: Job site length adjustments of Il incbes will mjnjmize material waste and
assure a security butTer for the builder. (Source: Ibid. 1996)
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Min 1/2' Plywood nailed
ta bath sides with 2'
na. ils 0. t 4· a . c. (Ref. 3)

STAIR STRINGtR SUPPORT

Figure 4.22: The web area ofOpen loisl 2000 can he reinforced with plywood on both
sides for stair stringer support. (Source: Open loist 2000 1996)

Min 1/2' plywood nai Led
te bath sides with 2'
na.i ls @ 4' O.C. <Ref. 3)

Po i nt Loo.d

Bear i n9 wa. l l
or beo.M

REINFDRCED OPEN JeIST
F"DR POINT LDAD

Figure 4.23: The Open loist 2000 cao also be reinforced for point load, and a cantilever
tbat supports load-bearing wall. (Source: Ibid. 1996)
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Min 1/2' plywood nni leà
ta bath sides with 2'
nnils @ 4 1 O.c. <Ref. 3)

LOdd-beo.ring wdll

CCln t 11RV." L/S
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MexlPlu,", 2'-5'
Beo.r j ng wo. l l
or loeo.M

·CANTILEVER SUPPDRTING
LDAD BEA~ING WALL

Figure 4.24: Reinforcement framing detail. (Source: Open loist 2000 1996)

2'xl0' no.i Led ta webs.
<Ref. 3)

L

DRDPPED CANTILEVERED BALCDNY

Figure 4.2S: Reinforcement framing detail. (Source: Ibid. 1996)
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SOLID LUMBER
CANTILEVER PERPENDICULAR TD OPEN JalST

Figure 4.26: Reinforcement ftaming detail. (Source: Open Joist 2000 1996)
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JOIST ADJUSTMENT TOLERANCE
SUBrLDCR AND RIM BDARD

Figure 4.27: Reinforcement ftaming detail. Because the outermost web bars are designed
going downwar~Open Joist may not he used as rafters in roofftaming. (Source: Ibid.
1996)
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Figure 4.28: Steel plate connectors. (Source: Dietz (991)

Figure 4.29: Steel plate conneetors are gauge metals that have tee~ and were pressed
into the wood with a hydraulie press, eliminating the need for oails. (Source: Canadian
Wood CouReil 1999)
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Figure 4.30: An example ofa computerized layout for engineered lumber in a floor
framing system. (Source: Bianchina 1997)
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•
Figure 4.31: This sample layout ofa lypical tloor ftaming system shows the various
components in the system. Letters and numbers relate to printed examples offtaming
application, and the computer indieates which details are used at whieh locations.
(Source: Ibid. 1997)
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4.2 FLEXIBLE PARTITION

4.2.0 INTRODUcnON

The basic idea of user participation is to let occupants choose their interior

arrangements. As well~ the flexible building cao respond more actively to changing life

styles. In North Ameri~ the development offlexible partition systems was stimulated by

constantly changing environments in the commercial sector. Although the flexible

partitions are not yet commonly used in bouses, in the future, the same principles and

technology could he applied to reconfigure internai residential space in a fasmon wmch is

less time-consuming and less disruptive to household aetivities. Flexible partitions are

available in numerous technical designs, standard sizes, constituent materials~ textures,

quality levels and degrees of tlexibility. The modular design grants physical tlexibility

that can help occupants to make their preferred interior arrangements with less difticulty14.

This section studies four representative flexible partitions; side by side data comparisons

are presented as weU.

4.2.1 BASICS

Rooms are designed acœrding to their respective fuŒtioDS, and are separated by

partitions to gain isolation. The purpose ofa dividing wall is not ooly to detine individual

space both physically and visually, but also to protect &gainst noise, and tire for al lcast a

lpe(:ified period of tïme. At the beginning of the 20* century, internai walls were often

built of brick, or sometimes of stone or concrete material in masonry construction.

Massive thick walls were acknowledged to have the advantages ofstrengtb, increased tire

resistance and ofdeadening sound. The word "partition" was applied exclusively to wood

structures, and it consisted of sheatbing over a ftamework of wood plsts known as

.4 Il iad'edcs mechanRed Ocxibility. Ocxibility by additioo aodIor subIrac:tioII. loca1ioaal aodforposiûooal

0exibiIity aad sometimcs.. iDfiasUuc:Iure fIexibi1ity (Dluhosch 1974).
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"studding". Stud partitions are secured to floor-joists or floor-boards7 and covered on

both sides with latbs and plaster (Sutcütl'e 19??). Both masonry and stud partitions are

permanent. They must be completely demolished before a new one cao be built.

The gypsum board drywall partition system came out around 1910 in the United

States as a direct substitute for plaster-and-lath wall construction. The shortage in skilled

labour after the Second World War and high housing costs increased ils demande By

19707drywa11 was used in 9S percent of ail interior finishes (CMHC B 1989). Gypsum

wallboards are light, tire-resistan~ inexpensiv~ cao be quickly install~ and save

materials. In addition, they are manufaetured in a variely of types for ditTerent uses7such

as tire rat~ foil back~ water-resistant and pre-finished (CMHC 1997). They are

applied directly on the framing members by screws7 and joints are covered with tape

along with a premixed joint compound to give drywall a consistent finish. Gypsum board

is flexible because il cao be easily cut and patched to fit walls of any size and shape.

Wires, pipes and other within-the-wall systems CID be serviced if a renovator bas the

necessary skills to open up the wall. However7 fixed gypsum board drywall is not

demountable7and any modification or repair cao not be donc without a certain degree of

demolition.

lnt1exibility is not only ümited ta the partition's mobility7 but al50 to its

maintainability. This includes~ upgrades, as weil as within-the-waIl system repaies

or upgrades that require cutting and opening a wall. As John Gregerson (1989) points out:

Driving the need for otlice tlexibility is the increased use of
computer technology by the general business sector,
according to Rick Widmann. director of commercial
construction systems for Gold Bond Building Produets. "A
pat deal of 8exibility is required to reach the particular
point ofa wall, celling or tloor system tbat requires wiring.
Recause they can be easUy detaebed ftom a given po~
prefinished or movable walls provide that tlexibility."
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This situation also applies to the residential domain. Concealing cables and wires

within traditional drywall can pose problems given the increasing use of computers,

entenainment systems and other data communication electronics in modem households.

The masonry and lath-and-plaster partitions are not flexible for renovation because of

their monolithic constructions. Neither are the gypsum/plaster boards in drywall

partitions sinee they can not be easily detached from studs once finishing is done.

However, low-costs and simple demolition/installation will compensate for this

inflexibility in terms of future renovations. Cenain manufacturers of flexible partitions

modified their designs by making wires (electrica1, telephone, cable, data, network) more

accessible, thereby increasing their produet's practicality. Others use demountable

gypsum panels to gain access to the wiring, although this is less practical and time

consuming when ftequent modifications are required.

4.2.2 TYPES OF FLEXIBLE PARTITION

Syed Muhiuddin Yamin (1990) studied the adaptability of commercial flexible

partitions ta residences in North America in his research paper. According to him, there

are three types ofcommercial flexible partitions. However, not ail ofthem are suitable for

residential applications:

•

L Mobile or Openble Partition SysteDl: This type of prefabricated partition

system generally bas a sliding mechanism (trolley or slide) that allows wall panels

to move along ceiling traeks. There are two kinds of mobile partitions: the sliding

type and the folding type. Sliding type panels cao be joined together to fonn a

large wall by placing adjacent panels al the staeking end. The folding type

partition is composed of a series of panels connected by hinges, which can be

folded and staeked al the end. 80th types are available in a wide range offinishes,

and caB be either manlla1ly or electrica1ly operated. Mobile or operable partitions
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are generally used in spaces where a quick transformation is required (e.g.~ in

restaurants~ or in gymnasiums). Recause instantaneous space transformation is not

the main focus of this studyt these partition systems are excluded tram this

research (Figure 4.33).

Demountable Partition System: The concept of tbis type of partition system is

similar to the traditional drywall construction. It is usually composed of metal

studs that are plaœd at specific iDtervais and prefinished wallboards that are

installed parallel to each side of the metal studs. Ceiling or tloor tracks hold studs

in place, whicb are in tum fastened using screws. Ail parts are reusable and cao be

relocated easily and economically. Panels are available in a different variety of

tinisbes, colors and fittings. The demountable partition system is commonly used

in commercial spaces where short to medium tenn transformations of space are

required (e.g.~ in office buildings). The demountable partition system tends to be

non-progressive or point accessible by nature, 50 tbat individual panels cao he

removed and replaced without disturbing adjacent panels. Howevert as Gregerson

(1988) noted, demountable partitions are Jess saUd by nature and tend to rattle

when doors are closed (Figure 4.33).

•

DL Portable Partition S)'stem: This type of partition system is generally composed

of single prefabrieated panels held in position by Metal channels at tloor and

ceiling levels. The panels cao he joined together by interlocking mechanisms

without the need for studs. The ponable panition is used extensively in offi~

industrial and institutional buildings where frequent &paCe alterations are required.

The portable panition system is a more unitized system because it is more

monolithic and solid. This system is simple but tends to be progressive. Tbat il,

removing one panel may require the adjacent panels he removed as well. As a
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resul~ some have suggested that this limits future tlexibility for wire access

(Gregerson 1988) (Figure 4.33).

4.2.3 PRODUcrs

4.2.3.1 DEMOUNTABLE WALL SYSTEM

The rising cost of renovations coupled with the need for flexible interior space has

created a demand for an easily demountable wall system. One of the most popular

products is the demountable partition made by Partition Components Incorporated. The

company otrers a prefabrieated companent kit that is ready to install once it is brought to

the site. The main panels (that are available in many different calours, finishes and

fittiogs) are easy to install due to the ionovative gravitY lock system. The gravity lock

system oot ooly simplifies the installation process, but a1so eliminates damage to wood

tloors or holes in carpets. Pre-punched holes in the studs allow for wiring ta pass through

these walls creating a very flexible system. A horizontal wiring chase that cao he

installed al the base of the wall system is a1so available.

1. PC3S0 GRAVITY LOCK SYSTEM

Partition Components Inc. (1995) oirers a cost efficient system tbat is quick and

easy to install without creating the mess of traditional wall systems. The tlexible system

cao be changed at a moment's notice; therefore, the client gets "more product for their

investment." The reusability ofthis system makes it environmentally tiiendly as weil.

• BENEFITS/COSTS

The cost of instaIling a demountable wall is relatively equal to the cost of

installing a fixed one. This is because labour casts are lower wben the demountable

system. The cost of dismantling and relocating a fixed walL however9 is much higher

wben compared ta the demountable system's relocating cost. Installing a demountable
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wall takes considerably less time than installing a permanent wall. Therefore, faster

tenant turnaround is expeded as weU as less down time when renovations are needed.

Deing a flexible partition system, the PC3S0 anticipates future modifications of

mechani~ electrical or communications components. The more flexibility there is, the

more the owner will save in maintenance costs. Rugged construction results in a produet

that is easy to maintain throughout its life, thus eliminating the need to repaint every few

years. The Gravity Lock System a1lows the panels to be installed and disassembled faster

than ever before. Tbere is no need for any special tools such as naîls, screws or other

fastening devices; all that is required is to clip the panels in place once the wall studs are

installed. The panels fit perfectly into the ftaming creating a monolithic wall.

Installation of the system also creates less waste, as there is no need for sanding,

taping or painting. Individual panels cao be removed and replaced (for access to wiring)

witbout disturbing the rest of the wall. The system supports are one half and five eighths

of an inch gypsum panels. Tbere is a1so an unlimited amount of new viny~ fabries, and

colours from which to choose. Installation of their demountable partition system onto an

existing wall is a1so possible with wood or metal strapping. Door frame kits are also

available (they are fitted for universalleft and tight swing).

The system also features a horizontal wiring chase that provides a simple and

efficient means of organizing and accessing wiring. Additions and modifications can be

made easlly by simply removing a section of the base. This system, therefore, provides a

continuous cavity that cao acc:ommodate standard electrical boxes and aU the cables and

wiring that are lypical oftoday's interior environment. Waring is completed more quiekly

and more easily since there is no need to feed Unes through a series ofknockouts in the

studs (Figure 4.34). The PC3S0 Horizontal Wiring Chase a1so bas the foUoWÎDg

advantages:

- a continuous barrier which separatcs electri~ television, telephone wiring
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- it accommodates vertical wiring drops at any time

- it accepts standard electrica1 boxes

- it bas a large cable capacity

- it accommodates future expansion due to easy add-ons

- it replaces the conventional floor track and installs just as easily

- the wires are completely accessible

- it accepts standard electrica1 boxes

- a cable support is available

- it allows for easy interface with other ftaming elements (e.g. walls and

columns)

- panels are reusable since receptacles penetrate the trim, not the panels

- it reduces time !PeRt installing wiring an~ therefore, reduces labour costs

• DETAILS

The PC350 Gravity Lock System otfers a unique demountable wall system that

uses prefabricated" pre-finished vinyl covered gypsum panels (that are otfered in a variety

of standard or custom colours and textures)" or square edge unfinished panels that are

ready for painting on site. It supports ~ inch and" S/8 inch gypsum panels. This system

uses a gravity lock clip that uses the panel"s own weight to rigidly anchor it in place. A

patented 2 ~ inch stud is designed to accommodate an II inch cross channel. The cross

channels are easy to assemble as they "twist fit'" into place and require no additiooal

fasteners (Figure 4.35). Horizontal wiring is accommodated by a series of pre-punched

knockouts found in the studs. An exclusive feature of the PC3SO system is the Il-inch

stud extension. Each box-stud is delivered to the job % of an inch short of the tloor ta

ceiling height. Installation is simple as the extension fils into the bottom of the stud and

extends ta the finished Ooor. This system bas a number of advantages. Field cutting of
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the stud is eliminated; also, the studs cao be removed and relocated elsewhere without

regard to high or low spots on the Ooor.

• INSTALLATION

Householders without special expenise can install the PC350 demountable

partition system. The installation procedure is described as follow:

1. Install ceiling and floor traclcs as per layout plan.

ll. Position studs venically ioto Boor and ceiling tracks as required. Install three

rows of horizontal clip retainer channels (in accordanœ with manufaeturer's

instructions).

m. After instaUing the panel clips, the panels are hung on the ftamework

(ensuring to seat ail of the panel clips on the cross cbannels). Eleetrical or

communication cables cao be held in the cavity. Insulation caR a1so be put in

the cavity ifrequired (Yamin 1990).

IV. Install ceiling trims, base molding, corner and other trims.

2. PS3S0 WALL SYSTEM

• DETAll..S

Another type of demountable partition is made by Partition Systems Limited.

Although the design is very similar 10 the PC3S0 Gravity Lock Wall System ftom

Partition Components Incorporated, the PS3S0 Wall System is ditrerent in terms of

gypsum panel connection. The system &Iso consists of steel ftaming with individual pre­

tinished vinyl-faced gypsum panels. To acbieve a monolithic appearanœ, each panel is

attaehed 10 the Craming with a support clip and canying bracket system (no screws and

too15 are required). According 10 Partition Systems Limited (1999), with 1 being the most
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economical on a Cost Scale of 1 to 10, this wall system would rank a 3.5. In addition, the

relocation wastage factor is less than 100.4. (Figure 4.36).

Gypsum panels cao also he supported by the Edge Clip instead of the carrying

bracket. The Edge Clip Easy Wall is a monolithic steel stud framed system that is site

assembled from components. It is similar in appearance to that of the PS350 series. It

differs only in that this system is progressive by design. Being a progressive system,

dismantling and assembly must start at a wall end. This May restrain flexibility wben

wiring modifications are frequendy performed. The Edge Clip Wall System ranks 3.4 on

the Cost Scale, and the relocation wastage would also be less than 1()oA. (partition

Systems Ltd. 1995).

• INSTALLATION

After the ceiling runner and the base track are insta1led, the Edge Clips are

inserted a10ng the edges of the gypsum board. Because the construction is similar to

standard drywall, screws and a screwdriver are needed. Clips are not inserted a10ng the

side of the panel wbere they are against an existing wall; therefore, this edge is screwed

to the stud with a steel batten and PVC ballen cover. Afterwards, top and bottom of

gypsum board are screwed to ttaeks. Consecutive panels are clipped on both sides. The

protruding tabs are fitted between the stud and previous panel. The clips on the free edge

are screwed to the stud. This procedure continues until the wall comes to another wall (T­

intersection). Theo the free edge is screwed in place with a steel batten and cover (Figure

4.37). When two walIs intersect al a corner (90 degree L-comer), three corner details are

available: Round, Square and Surface corners (Figure 4.38). However, an arbitrary-angle

corner kit is Dot available. It must he custom-built with the necessary skill and tool5;

therefore, tbis restricts user-eontroUed tlexibility. Visually, expect to see panel joints after

alI walIs are erected. Because there is DO joint caver, the aesthetic appearance MaY
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depend greatly on the build quality. It May take some praetice for a first time installer to

set it up right.

Like many other demountable wall systems~ the PS3S0 series otrers door and

window kits. There are two door kits: standard height and full height. Defore

door/window frames are iostalled, steel stud rough framing must be completed. To an

opening in a wal~ requires pre-planning as door and window constructions are oot

flexible. After gypsum panels are erected, aluminum door/window frames cao be

installed. The frames (header and jambs) are Qlt oD-site to fit the size of the opening, then

saewed onto rougb frames. The rest of the components are assembled in a fashion very

similar to that of standard door/window installation. Because the kits are indepeDden~

they can he quickly detaehed and reused. It is possible that door/wiodow kits rnay fit

other companies' demountable wall systems. This adaptability will increase flexibility in

the selection of a wall system (brand, type~ model~ etc.), particularly when one system

becomes obsolete or is no longer produced.

3. ENVIR.OWALL PARTITION SYSTEM

A. PROGRESSIVE, BAITENLESS

In addition to cost etTectiveness, ease of installation and flexibility are

empbasized by most manufaeturers. The demountable partition system made by

Envirowall Partition System Limited (1999) focuses also on ~~Environmental

Friendliness" (i.e. materials that are recyclable). The Envirowall is a non-unitized system,

otTered in both progressive and non-progressive types. 80th consist of pre-finished

gypsum panels tbat are erected with steel stud ftaming. The only difference between the

two is the way in which panels are connected to studs. In the progressive Envirowall, the

Enviroclips are inserted into the edges ofgypsum board. Clips are screwed onto the stud

on one sicle ofthe panel, and on the other sicle clips are locked in place by fitting them in­

between the next panel and the stud (Figure 4.39). The design and installation method of
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the Enviroclip, is almost identica1 to the previously described PS350 Wall's Edge Clip

System. However, the Enviroclip is adjustable because of its groove opening design. The

Edge Clip, on the other band, is non-adjustable and, therefore, demands careful attention

during installation.

8. NON PROGRESSIVE, WITH 8ATIEN

Assembly of the non-progressive Envirowa11 resernbles that of its progressive

counterpatt. Although there are no clips to he installed, it requires steel batteos and

covers. The pre-finished gypsum boards are screwed onto studs with steel balten. The

batten is a device that holds a batten coyer down (in PVC or a1uminum); together they

help to bide screws. This is similar to traditional drywall construction. But panels are

rernovable because screws are not covered with a joint compound. As a result, batten

covers will appear at every panel joint, wbich may not he visually acceptable to sorne

householders. Another potential problem is that certain fumiture, paintings, cabinets, etc.

cao not he placed close to the surface of the wall. Nevertbeless, it bas higher tlexibility

than the progressive system because panels cao he detached independendy. This system

is also more monolithic as each panel is screwed seaarely onto studs; therefore, it will not

shake and rattle as much as the PC3S0 Gravity Lock System. However, some people may

think il is still not very tlexible because il takes lime to uninstall the progressive

Envirowall, and even longer without the use ofpower tools.

4.2.3.2 MOVABLE WALL

Some demountable partition manufaeturers also produce movable wall systems.

For instance, the Palliser Series and the World Wall Series from Partition System Limited

(1995) provide ditferent alternatives ta interior tlexibility. Movable wall systems are

normally bigbly engineered and factory finished ta reduce the tilDe and technical skill

required 10 instaIl them. Strueturally, tbey are unitized, meaning that gypsum boards may
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not he detaehable. The panel modules cao he attached progressively or non-progressively

depending on their designs, but non-progressive systems have a higher degree of

flexibility as individual panels can he interchanged without disturbing adjacent units. To

let users build their own interior arrangements with minimum tcchnical input, there are

numerous connectors to attach between wall modules, doors and windows. There is also a

wide range of coloues and textures from which to choose, and, if needed, finishes can be

customized at the faetory to meet a user' 5 demands.

1. THE PALLISER SERIES

The Palliser Wall series is a higbly engineered and luxurious partition system. It is

faetory tinished and shipped to the project site ready for assembly. Wall modules are ail

interchangeable. &ch unit is titted with a Pair of spring-Ioaded upper guide pins (at

ceiling) to enhance installation positioning. In addition, there is a set of leveling feet on

each module to permit quick adjustments to any floor irregularities. To reduce the

installation time, panel modules are attached to one another by way of simplistic panel

connedors. The wall system is designed to accept either standard or full height doors and

cao he titted with either butt or pivot type hardware (Figure 4.40). Doors cao aIso he built

to accept conventional hardware or modem pull handles with roller latches. Wall finish

selection is from an almost unlimited collection of vinyl colon and textures. Door and

window frames are powder-<:oat finished in the manufacturer's standard colon. Custom

powder-coating is alse available in an endless range of colon. The frames cao also be

factory tinished to match the selected wall vinyl. According to the manufaeturer~ the

relocation wastage factor is zero, and the Cost Scale ratiog is 7.8.

A1though~ movable wall systems have higher mobility tban demountable

wall syste~ and they usually do DOt have buih-in service duets or cavities for wires and

cables. They need ta work with extemal cabling systems to &cbieve their higb level of

mobility and still remain practicaL Certain movable wall manufaeturers tried ta
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compensate for this inflexibility by incorporating a vertical eleetricaUdata chase in panel

joints (Figure 4.41), others by producing a wall module that is pre-wired according to a

user's specifications. Together with a perimeter cabHng raceway and accessible ceiling

pane~ tbey will form a flexible wiring system. Oudets, switches, fixtures, appliances and

electronics cao virtually he placed anywhere within the house. Details on this aspect of

flexibility will he studied in a subsequent section on electrica1 services.

2. THE WORLD WALL SERIES

Unlike the demountable wall, the unitized movable wall cao not he trimmed to a

desired width and shaPe on site. This contributes to the system's intlexibilityt Because the

modular panellacks physical tlexibility, pre-planning is necessary. When modules do not

add up to the total dimensions, special size panels must he ordered from the faetory. This

intlexibility can limit space design or increase costs. The Partition System's World Wall

Series (2000) was designed to improve the unitized movable wall's on-site tlexibility. It

is lightweight, economical, and easy to install. The Wall System is faetory fabricated to

desired project widths and heights. Door, door-hardware, panel and window modules are

ail pre-finished. Panel connector trims cao be finished to match the selected panel

color(s). The end panel (whether at a wall start, "T" or"L" intersection) may he cut down

in widtb. However, door panels can not he eut. The system requires installing ceiling and

tloor traeks prior to the installation of panels. 80th tracles are fastened 10 the ceiling or

tloor by SCl'ewS. The Wall Start Adapter should he used wben installing a panel ftom an

existing wall. Panels sbould he cut 1 inch to 1-1/2 inches less than the t100r to ceiling

beight when instaIIing. Two panels are joined without screws or tools using a special

panel connector (whicb is a1so a plastic joint caver). If electrical service is needed, a

plastic vertical wiring chase (an enlarged panel connector) is used instead of a regular

panel connectar. F'mally, the base and vertical trims are installed (Figure 4.42).
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3. V-WALL

The V-Wall system by Herman Miller Inc. (1989) is similar to The Palliser Series

by Partition Systems Ltd. It too bas a mechanical device for the adjustment of a panel's

position. The system coDSists of unitized gypsum board panels (with or without vinyl or

fabric surface tinishes), and a series of aluminum extrusions l
! for anaching those panels

to the fixed building construction (Figure 4.43). It also includes aluminum ftaming

components, a snap-on-grid, rigid vinyl base and tri~ a1uminum door frames, and

aluminum g1azing frame members. These subassemblies provide for the inclusion of

doon and gluing areas of various heights. Wall components are interchangeable for a

total reusability ofail full, uncut modular units. Apart trom the aforementioned ftexibility,

which is common in most demountable or movable wall systems, the V-Wall's Action

Office Wall Hanger StriplConnectors design addresses the issue of storage Oexibility.

There is a metal banger instaIled at each panel joint to receive or support hang-on

fumiture components. Cabin~ shelf table modules and other wall-hung fixtures cao he

installed al regu1ar intervals with an array of such hangers; in addition, their heights are

adjustable (Figure 4.44).

4.2.4 FUTURE TREND

It is not difficult to find similarities among the above produets. This means that

some components may be interchanged and, therefore, olTer more tlexibility. In the

author's opinion, commercial Oexible partition systems should be standardized for

residential use. This is because no modification work should exceed an occupant's

abilities wben the goal is user Oexibility. Demountable wall systems can easily be

standardized sinee tbeir principles are nearly the same. Unitized movable wall systems

LS 1bac iDcIude aack compoalelllS sudl. CciIiD&~aad FIoor Rmmcr; mgdglar and campo,,"
iDlelsa:iioas; CDDœIIed COIUIeCtors; modn-~ coaœaled coaaectors; pmug compoDeDlS;

door filmes; AcIioaomœ m: =ssoricl; aad fixed trial QI.......'
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cao be standardized if a universal panel module connector is invented. Also, attention

should be focused on increasing the durability of these systems for home use. Most

flexible partitions do DOt resist moisture weB. Moreover, their "tightness" (tire and sound

rating) is often compromised due to their increased mobility. Therefore, in the future,

special bathroom and kitchen kits should be developed. Fire safety and sound isolation

should be improved as weil.

Many residents of experimental sheet-metal frame homes report that they find

these houses noisy. Some report that plumbing noises are particularly bothersome, the

floors squeak, and odd noises occur with temperature changes. The reason is that sheet

metal reverberates sound. Moreover, tests condueted by the National Research Council in

Ottawa discovered tbat in a tire, a sheet Metal framed wall will lose its drywaIl covering

faster than a wood ftamed wall, because the attaehment between the drywall and the steel

fails as heat builds up. If wood studs are used in place of steel studs, the noise and tire

safety problems rnay be corrected.

4.2.5 CONCLUSION

Although most Oexible partitions are designed for commercial use, their designs

seem applicable in residential construction. However, because of their appearances

(especially the joint between panel modules), and their lack of sturdiness, some people

may not accept them as a substitute for tradition drywaIl. Despite wall systems being

movable and demountabl~ their tlexibility is still limited by other building components.

For example, their intended level of tlexibility wiU Dot be attained when wirîng is not

properly managed. More specifica1ly, without the cooperative use of other flexible

building systems in residential construetÎon, such as the Drop-Ceiling or Accessible­

Floor, SODle flextble partitions will not be as flexible as they should be. Another issue tbat

emerges is tbat wben the tlexible wall is displaced, clements, which detine a room

(floorin& wall covering and fixtures), should be displaced as weIL So far there is no
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demountable tloor for residential use. The question then becomes whether the entire

tlooring should be uniform, or whether it should be rebuilt where neœssary. The first

choice williimit VUÎely, while the second is a more sophistieated alternative over which

the users themselves may not bave control. The same idea applies a1so to wa1IIceiling

tinisbes and fixtures. This illustrates wby making adaptable space is 50 complicated. The

house interior will not become flexible simply by introducing flexible partitions. If the

house is not under constant change in interior arrangement, tben it may not cost more

renovate using traditional fixed drywall, than it would to use demountable or movable

wall systems. The author believes that the opposite is al50 true: if it is just as expensive

and ttoublesome to renovate an interior usiog flexible partitions, people will be unwilling

to make constant cbangesl6
• In the foUowing sections, building components tbat cm

enhance the flexibility oftraditional drywall or flexible partitions will be examined.
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(a)
Sliding Type

(b)
Folding Type

Mobile or Operable Partition
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Demountable Partition Portable Partit~on

•
Figure 4.33: Three types off1exible panition. (Source: Yamin 1990)
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Sranc:atd ca-..r P!ate-_t.

Stand~ Seetric:aJ Box

~~~R:---'ITelepncne{Com"uter Conduit

Hon:cntal Wiring cn~~

•
HORIZONTAL WIRING CHASE

Figure 4.34: The system provides a continuous cavity that cao accommodate standard
electrical boxes and ail the cables and wiring that are typical oftoday's interior
environment. (Source: Partition Components Incorporated 1999)
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Figure 4.35: The PC350 Gravity Lock System uses a gravity lock clip that utilizes the
panel' s own weight to rigidly anchor in place. A patented 2 ~ inch stud is designed to
accommodate an Il inch cross channel. The cross channels are easy to assemble as they
ulWÏst fit" into place and require no additional fasteners. Horizontal wiring is
accommodated by a series ofpre-punched knockouts found in the studs. (Source:
Partition Components Incorporated 1999)
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This points to
top oCstud

At wall starts. aftcr
brackelS are iaserted

......1---- mlO stuc!. bend bracket
Iabs over.

When instaUing macis iD the floor and ceiÜDg traeks.
the kDockoucs must he level with each other.
This is accomplisbed by pushiDa the studs npt up
mto the ceiliDg numer wbich is assumed 10 he level.

L ;: 1

PC-350 Stud

"---..,~-". .
• L..-~- ..- ..•

~" ,. :-,.': r"C"'-'

~-=--l­
~""~I-

, r 1 ~ J

PLAN

Figure 4.36: The PS3S0 Wall System. Each panel is attaehed ta the ftaming with a
suppon clip and carrying bracket system. (Source: Partition Systems Ltd. 2000)

•
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EDGE CLIP - Installation Instructions
existing wall

Cut the sheet to slighUy less than the floor ta ceiling height
Install edge clips along the edges of the panel 16- O.C..
Offset the spacing as shawn.

..

..

... .

ThIs iab wtD fil
tMltween the saud
~ prevlaus panel

Panel attached ta
saud by sc:nJwing
Edge C1fp ta Stud

.
• •"'. '". "' ..

• 1. .-. "'. :_. . ....
-. .- a.a ",'" _.

....:" "... :

.. .
,. .... .... .
~ - '" ... .... . ..... ... ...... ... -.': ...

Step 3.

Step 4.

Step 2.
Panels against an existing wall are not diped on the
slde against the wall. This edge Is screwed ta the
stud with a steel batten and PVC batten caver.

.).~

Consecutive panels
are c1lped on bath
sides. The protruding
tabs are fit between
the stud and previous
panel as shawn. The
dips on the free edge
are sCl'8Wed to
the stud.

When the wall comes to another wall.
The he edge is not diped and again screwed
in place wfth a steel batten and cover.

Note: For fncreased sound control install PS-350 sound attenuaUon blanket between the studs
after the board fs installed on one slde of the wall.

•
Figure 4.37: The PS350 Edge Clip System. Gypsum panels can also be supported by the
Edge Clip instead ofthe carrying bracket. This system is progressive by design,
dismantling and assembly must start al a wall end. (Source: Partition Systems Ltd. 2000)
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Roundcomer

After installing the studs. the comer pieces are
put in. Screw corner pieces inlo corner studs.

Square corner

•

Surface comer

Note:
Surface mouoted comers Ile installed
AFrER wall panels are put in.

Figure 4.38: Corner details ofthe PS3S0 Edge Clip System. Plastic corner pieces or
batten are needed. (Source: Partition Systems Ltd. 2000)
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5. PARTITION JOINT

ENVlROCUP • M030 _---.,

1
1

1

l

Figure 4.39: Enviroclip installation instruction. The Enviroclips are insened into the
edges ofgypsum board. Clips are screwed onto the saud on one side ofthe panel, and on
the other side clips are locked in place by titting them in-between the next panel and the
stud. (Source: Partition Systems Ltd. 2000)
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4 (100mm)

Figure 4.40: Details ofthe Palliser Wall Series. Bach wall module is fitted with a pair of
spring-loaded upper guide pins (at ceiling) to enbance installation. In addition, there is a
set ofleveling feet on each module ta permit quiet adjustments to any tloor irregularities.
(Source: Panition Systems Ltd. 2(00)
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Figure 4.41: Vertical electricalldata chase. A plastic vertical wiring chase cao be used
instead ofa regular panel coDDeetOf. (Source: Partition Systems Ltd. 2000)

(PLAN)

ELECTRICAl BOX

1GTt. "I.LTJ~[ tLttTaJCAL
.axes 'QSSI.LC

eX/PHONE CASLES

Electricol/Dato Chose

JOINT COVER

PREF1NISHED
PANEL

•
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• 2-. 51~1"\

L
TOP TRACt<

PVC TOP T~I"

PREF'INISHEO
PANE~

1-112-. Je"'__II_-----~

1- TOP T~ACI(

PRErINI$H(O
PANEL

Optional Top and 8ottom Details

.- PVC BASE

Top end 8ottom Details

BASE ADAPTER BASE COVER

Figure 4.42: Details ofthe Partition System's World Wall Series. (Source: Partition
Systems Ltd. 2000)

PANE~ CONNECTOR

3-Woy Intersections
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Fisure 4.43: Details ofthe V-wall system. It consists ofunitized gypsum board panels, and a series of
aluminum extrusions for conneetion. Wall components are interchangeable for a total reusability ofail
full, uncut modular units. (Source: Herman Miller fnc. 1989)

e
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Figure 4.44: The V-Wall's Action Office components are hung directly on the V-Wall
connectors to provide storage. (Source: Herman Miller [nc. 1989)
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4.3 STAIRS

4.3.0 INTRODUcnON

Flexible partitions obtain tlexibility through relocation tram an open space

created by the Support structure. This type oftlexibility does oot apply ta stairs because

the floor does not easily accommodate large openings. Instead, flexible stairs rely 00 the

mechanized flexibility of combioing a number of possible arrangements in one design1
•

This section studies the use of new materials and assembling techniques in stairs design.

4.3.1 BASICS

Staïrs are construeted following the completion of the tloor and walls. They May

he built in place or built as a unit in a shop and set in place. When stairs are built in place,

stringers are carefully cut to exact sizc and set in place. Closed-riser stair construction

demands more attention because stringers, tteads and risers are joined together by

tangues and grooves: rear edges of treads are grooved to fit tangues in the lower portions

ofrisers, and tops ofrisers are tongued to fit grooves in the bottom oftreads (Dietz 1991)

(Figure 4.46). In the case of prefabricated staîrs, ploughed stringers are instaIled first on

site. Afterwards, treads and risen are fitted in place (Figure 4.47). There are rules

pertaining to stairway design: the common dimensions used for main stairs are a rise 7 ta

7 ~ inches with a ND of about 9 % ta 10 ~ inches, which combines bath comfort and

safety (CMHC 1997). However, this common rise-to-run ratio does not apply to aU stairs.

The dimensions will vary depending on the total rise and the space allocated.

4.3.2 DETAILS AND INSTALLATION

Ditrerent stair designs occupy difTerent space. There are six types of stair designs

according to CMHC (1997): sttaight stairways with or witbout an intermediate landing,

1 Aa:onIiDg co Eric DlubDsch (1974), this wcJwrized fIcxibiIity Iâas co COIJII1O''CIIIS or sulHlscenHics

joiDed by...ofbiqes aDd sIides.
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long L, wide L, narrow U, double L with winders and l8Oding, or wide U (Figure 4.48).

A recent stair innovation puts ail variations and their respective constructions ioto one

universal "format". Let us recall that custom-made stairs are labour intensive, but fit

nicely in 80y given space. Mass-produced stair packages are inexpensive, but may not be

adjusted to fit (length, width, and height) due to their modular designs. The

STARIFRAME system by Structures Monocoques ine. (1999) finds the balance between

custom-made and mass-produced stairs. The modular steel frames can be set up to form

eight types ofstairway (Figure 4.49 &. 4.50). It caR aIso be quickly installed and adjusted

on site. The construction begins by installing wall stringer(s), open stringer, landiog

module, pivoting mechanism, steel bearing plates, treads and risers. The pivoting

mechanism, which is bolted to lower end of the upper open stringer and upper end of the

lower open stringer, a1lows stairs to turn left or right with winders. Steel bearing plates

are bolted to stringers. Finished modular treads and risers are screwed to bearing plates

ftom the underside.

4.3.3 CONCLUSION

The STAIRFRAME system gives contraetors bigher tlexibility because of its

variation in stair design; in addition, width and height are adjustable on-site. Quick

installation and minimum material wastage means substantial savings to users.

Temporary steps are instaIled during bouse construction. This gjves users the Oexibility

to wait until the last moment to cboose finisbing material for treads and risers. Moreover,

sincc no cutting and demolishing are neœssary, the occupant cao renovate the stairs by

using simple tools. However, the disadvantage ofSTAIFRAME is its appearance. The

Metal Û1UDes do DOt have the aesthetics ofwood; therefore, it may not be suitable for use

as exposed staïrs.
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Alternate Trntment st
foot of Stairs to tncrease
Headroom.

Figure 4.46: Detail ofbuilt-in-place stairs. Closed-riser stair construction demands more
attention beawse stringers, treads and risers are joined together by tangues and grooves.
(Source: Dietz 1991)
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Figure 4.47: Detail ofshop-built stair. Ploughed stringers are installed tint on site.
Afterwards, treads and risers are titted in place. (Source: Dietz 1991)
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•
Figure 4.48: Six types ofstair designs. (Source: CMHC 1997)
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The STAIRFRAME system

. • adapta readily to standard
widths and heighta.

• precilelyequal riIen are ractories
engineered to exact Ooor to fioor heichta.

• will fit any configuration wbatever the
combiDationa of Itraicht, angles and Iandings

and whether ta the right or to the left.

• can even be seICsupporting on the ·out aide'
without visible structural supports.

Figure 4.49: The STAIRFRAME system combines the economy ofpretàbrieated stairs
and the quality ofcustom-made stairs. (Source: Systèmes STAIRFR.AME 2(00)
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Modèle 180· en • U • 14 marches
(avec palier et marches d'angle)

Prix régulier
Constructeurs 2 : .10 %

Modèle 180· droit 14 marches
(avec marches d'angle et palier)

Prix régulier
Constructeurs 2: .10 %

Modèle 90· en • L. 14 marches
(avec marches d'angles)

Prix régulier

Constructeurs 2 : .'0 %

Modèle 90· en • L. 14 marches
(avec palier)

Prix régulier

Constructeurs 2: .10 %

5 8illIIIJIIIlI]

6 illllIIIIIIIID

7

Modèle 900 droit 14 marches
(avec marches d'angle)

Prix régulier
Constructeurs z: .10 %

Modèle 9()0 droit 14 marches
(avec palier)

Prix régulier
Constructeurs 2: .10 ..

Modèle droit 14 marches
Prix régulier

Constructeurs Z: ·'0 %

Figure 4.50: The STAIRFllAME system otTers eight types of5taÏn. Numerous variations
are possible within eaeh model. (Source: Systèmes STAIllFRAME 2000)•

8 [[[J]]
Modèle droit • split • 7 marches

Prix régulier
Constructeurs Z: ·10 ..
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4.4 ELECTRfCAL SYSTEMS

4.4.0 INTRODUcnON

The entangled building service systems indieate that the bouse as a wbole does

not become flexible simply by providing flexible panitions (Kendall 1994). Certain

building systems must also he flexible enough to be moved around in the bouse in order

to bring in the necessary services for the remodeled space. The electrical~ data, and

mechanical systems deliver electricity~ communicatio~ beatin& venting and air

conditioning throughout the bouse. Their conduits are normally hidden in the ceiling or

wall, which prevents Oexibility. Innovative tlexible electrical and mechanical systems

resolve systems' entanglement by becoming more independent. This encourages the

development of prefabricated components (as a kit-of-pans). The mechanized Oexibility

or the tlexibility by addition and/or subtraction will aIIow users to manipulate tbem in a

pre-designed way. Improving the nature of the service systems by changing conduit size

and material is another direct method of controlling tbeir flexibility (i.e. material

flexibility). In additio~ flexibility of the service systems cao also be passively IChieved

by making the walls and ceilings more amenable to tbese systems (i.e. infrastructure

flexibility) (Dluhosch 1974).

4.4.1 FLEXIBLE ELECI'RICAL AND DATA/COMMUNICATION CONDUIT

The electrical and data/communication components, wbich are low in the entire

building system's hierarchy, can attain a higber degree of Oexibility tban plumbing and

HVAC regardless of whether the building structure is fleXible or not because of their

material nature. These systems are ftequently updated, yet more difficult and expensive

to moclify bec:allse of the entaDgiement of the parts and the parties involved; therefore,

they need ta he organized (Kendall 1994). Flexible cabling systems worlc with both

permanent walIs and movable waIls. The principle is to place traditional witbin-the-wall

electrical systems OUlSide 50 tbat they cao he easily managed. This subseetion studies
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electrical raceways that allow for the nee placement of electrical and datai

communication tixtures and equipment.

4.4.1.1 BASIC

Typical electrical equipment includes service/distribution panels, boxes for

flXtUres, junetion outlets, switches and oudets in the house, receptacles, switches, wires

and conduits (CMHC 1997). Data and audio/visual equipment includes wiring for the

telephone.. fax, computer, TV and stereo. Roughing-in is done before applying the

insulation and gypsum boards. Lighting fixtures, switches, outlets and cover plates are

installed after the interior finishing and painting (CMHC 1997). The service line is

brought to the main circuit breaker and distribution panel trom outside. Branch circuits

traveling through waU$y ceiling and tloors are connected to a distribution panel.

Installation is usually done by a licensed electrician, and is regulated by provincial

electrical codes. This work includes drilling, laying wires, connecting and securing

electrical equipment. The electrical boxes of oudets and fans on insulated ceilings and

exterior walls must he properly sealed to prevent air leakage. The installation of TV

cables and telephone lines is similar to electric wiring except the task is smaller and no

special still is required (Figure 4.S2).

Wtth a wall construction of fixed gypsum board, the locations of switches and

outIets are caretùlly predetermined because additions and alterations are expensive after

the bouse is finished. The traditional approach oWers a eenain degree of tlexibility by

anticipating future needs for power consumption, and the number of circuits and outlets.

Nevertheless, future demands may still exceed this built-in level of flexibility. In addition,

some flexible partitions need to work with movable eledrical systems in arder 10 stay

flexible. Baseboard raceways are electricallcommunicational distribution systems that

bave the flexibility ta expand and to move around. Origina11y coDCeived for use in the

commercial sector, electrical raœways are DOW available for residential appüeatiODS.



•

•

134

They are mounted on interior walls and encase electrical and communication wires.

Raceways permit wires to be nm a10ng the surface of interior walIs instead of through

wall cavities. Electrical raceways cao simplify the task of wiring and reduce the number

of wall penetrations, which can compromise a building's thermal performance.

Residential electrical raceways may become more common as home wiring increases in

complexity (Figure 4.53).

4.4.1.2 DETAILS

The WIREMOLD Company (1999) is a leading manufacturer of electrical

raceways in Nonb America. Their perimeter systems are made of steel, a1uminum or

PVC, wbether mounted on wall surfaces or in baseboards. The steel raceway systems are

vulnerable 10 wet conditions, and, therefore, are not suitable for residential applications.

The PVC electrical baseboard raceways for residential use come in severa! colours and

wood veneer finishes to blend ioto the décor. The raceway and fittings are CSA

(Canadian Standard Association) certified for up to 300 volts. The baseboard system bas

a dual channel (two-companment) design that separates electric wiring and low·voltage

cables such as phone, data and coaxial (Figure 4.54). The modu1ar device brackets and

faceplates, which cao be installed anywhere a10ng the raceway, accommodate standard

electrical deviccs.. telephones and cable connectors (Figure 4.55). The base comes in a

standard 8 feet length, and cao be easily eut to desired length. A wide selection of fittings

makes CODDectiOns between raceways and device brackets possible in most situations (see

a1so Figure 4.53). &ecause the electrical raceways are located on the interior wall, there is

no need 10 run electrical wires through the ftaming. The location of outIets cao also be

changed easily and retrofit wiring does not require cutting hales in waIls. They also make

bouses more energy efficient bec:ause there is no penetration 10 the building's envelope

(Le. no plugs on the exterior wall).
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4.4.1.3 INSTALLATION

No special tools are needed to instaIl electrical raceways. Installation requires

mounting the base, ruoning the wir~ and snapping on the coyer. Raceways cao be

installed in new constructions and in retrotits. The whole installation process begins by

placing the base al the bottom ofa wall., then fixing it in place using screws. The elbow is

inserted ioto the ends of two adjacent bases where the raceway encounters a 90-degree

turn. The trim cover (quarter-round profile) is inserted al the top of the base to improve

the product's appearance (Figure 4.56). The second phase of installation is roughing-in

and wiring. Wares are fed ftom either the back of the base (Figure 4.57)., or al bath ends

of the raceway system (Figure 4.58). No carpentry wode is involved once wires are

brought to the system. To install electrical receptacles., a device bracket is inserted in the

top companment. Telephone wire and coaxial cable are installed in the lower

compartment (see also Fisure 4.55). A locking mechanism will hold the wire clips and

device bracket in place (Figure 4.59 & 4.60). The device plate is snapped in place after

ail wireslcables are connected and the reœptacle is mounted onto the device bracket

using screws. Installing the receptacle's faceplate completes the installation of the outlet

(Figure 4.61). Ymally, the cover is fixed after all modular device brackets and faceplates

are installed (see also Figure 4.54). The installation of the raceway system is relatively

simple and wiring is accessible for future changes. The location of outlets and jacks can

be changed. However, possible drawbacks include the appearance, and the issue of safdy

when instal1ed by users who have limited knowledge ofelectrical systems.

4.4.1.4 OTHER CONSIDERATIONS

There is a switch for every ceiling or wall faxture. The baseboard raceway systems

do DOt accommoctate wall switches and ceiling~ DOr their wiring. In fact, tbese

elcetrical components are often bidden behind wall and celling panels; tberefore, they are

not flexible. AIthough tbere are surface raceway systems for connecting wall switches
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and ceiling fixtures, their "looks" may be even less acceptable ta MOst bouseholders

(Figure 4.62). Non-progressive demountable partitions are a better flexible alternative for

mounting wall switches without compromising appearances.

4.4.2 SUSPENSION CEILING SYSTEMS

4.4.2.1 INTRODUCTION

The traditional flXed ceiling prevents the installation and maintenance of flXtures,

plumbing and meebanica1 systems with tlexibility after construction. This is because

work such as cutting the ceiling panels and the framing members, redistributing the

conduits, as weil as finishing cao not be quicldy or easily accomplished by MOst users.

Commercial suSPended ceiling systems permit easy access ta electricaL meehanica1 and

plumbing systems by making the ceiling easily removable. However, some suspended

ceiling systems may not yel he ready for use in low-rise wood frame houses beeause they

do not meet tire and humidity resistance requirements. They May also not he suitable

because extra clearance is needed for removing ceiling panels. Moreover, some people

may reject this ceiling system due to the commerclallook ofthe supporting grid.

4.4.2.2 PIlODUCT DETAILS

1. CGC SUSPENSION CEILING SYSTEMS

CGC Inc. otren a wide variety of suspended ceiling systems in tenns of ceiling

panel designs, textures, tinish~ options, and features that will satis(y most occupants

(CGC 1998). Their "ClimaPlus" ceiling panels generally bave good humidity resistance

and sound absorbency. Among the ClimaPlus produet lines, the CERAMIC model is

made ofceramic-bonded minerai &bers that cao withstand high~ high bumidity,l and

corrosive cbemical tûmes (Fipre 4.63). It can also he cleaned with a damp sponge and,

theref'ore, is qualified for residential use. The CLEAN ROOM model is made of vinyl

covered gypsum board tbat is u durable and as easily maintained as the CERAMIC
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model (Figure 4.64). The CELEBRATION metal ceiling panels offer the easiest and

quickest plenum access: the panels are snapped in place onto the supporting grid trom

below. It a1so requires minimal ceilin8 clearance. The panels may he field cut at walls to

counteract the inflexibility caused by its modular design. Air dit1ùsers and Iight fixtures

may be laid into the grid in place of CELEBRATION panels, or, instead, hardware­

compatible ceiling panels may be installed to increase the flexibility of their placements

(Figure 4.65).

2. CONCEALED ACCESSIBLE CEWNG SYSTEMS

The supporting grid ofthe Concealed Accessible Systems is completely concealed,

creating a monolithic, uninterrupted ceiling plane. Concealed systems are available to

accommodate a variety of upward or downward access requirements by side or end

pivoting ceiling panels (Chicago Metallic 1999) (Figure 4.66). Light tixtures, air diftùsers,

and plenum acœss points can be arranged with great flexibility when installed in

conjunction with the hardware-compatible ceiling panels (CGC 1998) (Figure 4.67).

4.4.3 CONCLUSION

Tecbnica1ly, the suspension ceiling systems would be ready for use in low-rise

wood frame bouses if the industry had developed an effective connection between the

joist and the supporting grid. The author thinks that the supporting grid sbould be

connected directly to the joist to make the ceiling more monolitbic and to save space. In

addition, because bouses do not have the extra ceiling clearance of MOst office buildings,

celling panels should he installed trom below the grid. The sidelend pivot panel ftom

Chicago MetalIic's concealed accessible systems or the CGC's CELEBRATION system

are good examples ofproviding quick and easy plenum access. However, the trade-otrfor

switching to accessible ceiling systems, is lower quaIity in certain areas, sum as reduced

tire ratings and durability. There are many speciaIized ceiliDg systems presently available
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for designed environments (e.g. laboratory, restaurant and swimming pool). The author

believes that by combining selected characteristics from the existing systems, a special

package could he developed strietly for residential application.
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• Figure 4.52: DriIIing ofstructural members Cor wiring. (Source: CMHC 1997)
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Figure 4.53: The baseboard raceway system. It is an electricallcommunieational
distribution system that bas the flexibility to expand and to move around. Raceways
permit wires to be rua along the surface of interior walls instead ofthrough wall cavities.
(Source: The Wiremold Company 1999)
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4.5 HEATINGt VENTING & AIR CONDITIONING SYSTEMS

4.5.1 MINI-DUc[ AIR DISTRIBUTION SYSTEM

4.5.1.1 SUMMARY

Traditional HVAC systems are less tlexible than electrical and plumbing systems

because they lack material flexibility. The system requires duetwork; therefore, interior

walls, ceilings, and tloors may need to be modified to accommodate standard-sized air

ducts in post construction renovation (Figure 4.68). The high velocity heating and coaling

systems are mini-duet air distribution systems that cao be mounted in tloor, ceiling, and

wall cavities. According to the manufaeturers, higb velocity systems operate more quietly

and ofFer better debumidification, room air mixing, and energy etliciency than do

standard air-delivery systems (National Association afHome Builders 2000).

4.5.1.2 DETAILS AND INSTALLATION

High velocity heating and cooling systems use high-pressure air handling units.

The main supply trunk is either a 6 ~ inch reetangular duet or a 7 inch to 9 inch round

dUel that supplies air to flexible, insulated, plastic feeder duets with 2 inch diameters.

Instead of installing a diftùser, air passes through sound-suppressing tubing al the end of

a duet run before entering the room through a plastic coUar titting. Unlike systems with

standard-sized ducts, the number of structural a1terations 10 accommodate duct runs for

retrotit installations are minimized, and the need for dropped ceilings in new construction

is largely eliminated. Because of reduced duct size and the use of plastic material, the

location of air outlets can be cbanged more easily and quicldy. AllO, the connection to

feeder duets can be made with PEX piPeS. However, high velocity systems may cost

more than standard air distribution systems in new constnlction. In existing bom~ the

labour cast savings of bigh velocity systems cao result in an instaIled cast tbat is lower

tban standard heating and cooling systems (NAHB 2000) (Figure 4.69).
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4.5.2 DUCTLESS (MINI-SPUT) BEAT PUMPS

4.5.2.1 DETAILS

If only central cooling is need~ then duetless electric heat pumps are better

alternatives than the mini-duct air distribution system. Most central air conditioning

systems rely on duetwork to distribute cool air to rooms throughout the house. Ductless

systems combine the tlexibility of room air conditioners with the whole-house coaling of

central systems. In duetless systems, there is usually one outdoor unit (condenser) serving

multiple indoor units (evaporators). Refiigerant is piped from the outdoor unit through

small-diameter insulated reûigerant lines directly to individual evaporator units. This

type of setup saves about 20 10 24 percent more energy than conventional systems

(NAHB 2000) (Figure 4.70).

4.5.2.2 INSTALLATION

Duetless systems are relatively easy to install. Il takes two professional installers

about a day to instaU a system with up to three zones. Wuing for power and controls is

easier than with a conventional unit since wires can be run along with the retiigerant lines.

Lines ftom outdoor units can span up to one hundred feet to indoor units. Indoor units are

about six to eight incbes deep and are mounted flush on a wall, ceiling, or recess in a drop

ceiling. A tbree-incb bole is eut tbrougb the wall. Waring, refiigerant lines, control cables,

and the condensate drain aU pass thraugh this hole. The mini-spÜl system piping cao

often be routed tbrough waIls and joists. Funhermore, split systems allow separate zone

control for increased comfon and efticiency (NAHB 1999). Similar to bigh velocity

syste~ duet1ess mini-split HVAC systems are not more cost effective tban conventional

systems for most new bome installations. They are generally· cost effective in retrofit

situations.
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4.5.2.3 CONCLUSION

In summary, cbanging a conduit's size and matenal seems to be the

manufacturen' approach to achieving tlexibility. However, the u rea1" degree of tlexibility

May depend on the users' ability and level of participation in the installation work

themselves (Warshaw 1974). The use of plastic piping for the high-velocity mini dUel air

distribution system suggests that typica1 users May he able to install it themselves;

therefore, it is more flexible. The pipes in duetless (mini...split) heat pump systems contain

retiigerant and are made of Metal; therefore, they are less flexible. Cost is another factor

that detamines the tlexibility of these systems. The new "mobile" HVAC unit delivers

heating and caoUng where it is needed the most; therefor~ it bas a high degree of

tlexibility and reduces installation and operation costs (Figure 4.71). The author believes

tbat, along with developing new materials and technologies for traditional mechanical

systems, improving the performance of the mobile HVAC unit would be a wonhwhile

research goal.
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Figure 4.63: The CGC's ClimaPlus ceiling panels have good humidity resistance and
sound absorbency. (Source: CGC Inc. 1999)
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Figure 4.64: The CGC's CERAMIC Madel is made ofceramic-bonded minerai fibers that
cao withstand high heat, high humidity, and corrosive chemical fumes. (Source: CGC Inc.
1999)
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Figure 4.65: The CGC's CELEBRATION metal ceiling panels are snapped in place onto
the supponing grid from below. The panels may be field eut al walls to counteract the
inflexibility caused by its modular design. (Source: CGC Ine. (999)
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Figure 4.66: The Chicago Metallic's Concealed Accessible Ceiling System is completely
concealed, creating a monolithic, uninterrupted ceiling plane. Concealed systems are
available to accommodate a variety ofupward or downward acœss requirements by side
or end pivoting panels. (Source: Chicago Metallic 1997)
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wtlen iIsIaIing Ille panel êI1d diIJ next to aftuorescent fixtlre (1'od1er OOStruction), eut haIf of the clip assemIlIy and install as
iItustrated in fig. 2.
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wt1en instaIng.....n cIp"~atI) fiItln.lII8 clip assentIywl fit CMl'IIIe ftxture face (Fig. 3) when the baIIzt iS
posiIioned pnIeI '» Ihedip.A field-fabrica1ed, 2-11'r'Jf1* (641150 mm) pieœŒfŒKFAŒ ln1pactioo panel RUtile posi­

tioned lI1der 1118~dips (II ea:h side of the ftx1lre fi:I. 4).

Figure 4.67: Light fixtures, air~ and plenum access points cao be arranged with
ftexibility wheo instal1ed in coojunctioo with the bardware-compatible ceiling panels.
(Source: CGC Inc. 1998)
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Figure 4.69: High velocity heating and coaling systems use high-pressure air handling
units. The main supply trunk supplies air to flexible, insulated, plastie feedet duets with
2-inch diameters. Because ofreduced duct size and the use ofplastie material, the
location ofair outlets cao be ebaagccl more easily and quieldy. (Source: www.hi­
velocity.com 2000)
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Figure 4.70: Duetless (Mini-Split) heat pump system. There is usually one outdoor unit
(condenser) serving multiple indoorunits (evaporators). Refrigerant is piped trom the
outdoor unit through small-diameter insulated refrigerant ÜDes directly to individual
evaporator units. (Source: www.sanyohvac.com 2000)
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Figure 4.71: Mobile HVAC unit delivers heating and cooling where it is needed the most;
therefore" it bas a high degree of flexibility and reduces installation and operation costs.
(Source: www.sanyohvac.com 2000)
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4.6 PLUMBING

4.6.0 INTRODUcnON

The Oexibility ofplumbing, electrical and mechanical systems depends greatly on

their physical properties. Pipes that transport drinking water or waste run through the

tloor and walls. Innovative plumbing systems use new materials to simplify installation,

which increases flexibility. Minimizing penetration to the Support structurey such as the

tloor and building shell, is another means of increasing flexibil ity. Improvements in

material flexibility have produced pipes wbich bend more easily and are more easily

worked. This section reviews plumbing basics to establish the rules for tlexible plumbing

systems. Past and present materials are compared to highlight improvements in tlexibility.

New products and produet installations are assess~ and, finally, the section concludes

witb an overview of future trends.

4.6.1 BASICS

The plumbing system ofa house is composed oftwo subsystems: the drain, waste,

and vent system (DWV system); and the domestic water system (potable water system).

Unlike water supply systems that wode by pressure, the DWV system typically relies on

gravity to pull the waste along a piping system, and must he installed with a slope or

grade. The greater the slope of the pipe, the greater the carryÎng capacity and the bigher

the velocity of the tluid witbin the pipe. Most experts believe that a tluid velocity that is

100 bigh or too low will cause bigh maintenance expenses due to the constant clogging of

the system. Therefore, the slope of a plumbing system is often regu1ated by a code. This

raises severa! issues: the clearance between the tloor and ceiling; the location of fixtures

or drainage pipes; and the fteedom of DWV systems travel thraugh Ooor and wall

structures. This may also sugest tbat in tenus of installation cboices, the most idea1

location for the soil staek and the vent staek is near the center ofbuilding (Wentz 1997).
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"Every plumbing fixture must bave a trap, and every trap must bave a vent"

(Wentz 1997). The venling system removes dangerous odors and gases trom the

plumbing system, and prevents '~p blowout" and "trap siphonage" which are caused by

positive and negative pressures within the system (Figure 4.73). The plumbing code

restricts the distance between the trap and trap vent in relation ta the fixture drain

diameter, which is often referred ta as the ''trap armJY
• This is because the longer the

distance, the greater the air resistance, and the increased likelihood that positive/negalive

pressures will build up. Since fixtures' drain pipes are usually 2 inches in diameter, the

flXtUres in most residential plumbing systems are less than five feet away from the vent

(Figure 4.74).

The primary objective of the plumbing code is to protect consumers' health,

sarety and financial investment. As far as plumbing fundamentals, plumbing codes, and

costs are concemed, the tlexibility of moving around plumbing fixtures is limited by the

location of the soil and vent staeks, the clearance between tloor and ceiling, and the

extent ta whicb the DWV system allows travel within tloor and/or wall structures.

Another major factor controlling the level of tlexibility is the installation. The degree of

installation bas a lot 10 do with the materials heing used, and the installing techniques

tbey require.

4.6.1 MATERIALS

At the tum ofthe century pipes were exposed as mucb as possible. It wu believed

that tbis would ensure cleanliness and accessibility. Water supply pipes were made of

lead and galvanized iron. Tbese were later replaced by galvanized steel pipe and copper

tubiDg. Althougb tbis wu relatively inexpensive, il wu oot very sucœssful as pressure

drops occurred due 10 rust al joints (Le. pbenomenon of electrolysis: corrosion occurs

wbere two dissimi1ar materials meet). The stifJhess of these materials a1so restrieted

plumbinglayout. and, tberefore, made renovation wade very ditlicult.
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Between 1940 and 1990 plumbing was bidden in order to a1low for more usable

space. Hot and cold water pipes were improved by using softer cast iron and copper.

These joints were less susceptible to rusting. Althougb improvements were made with

respect to rust prevention, little flexibility in the arrangements of pipes was achieved: the

rigid nature of the pipes made most residential plumbiDg work very difficult. In addition,

existing pipelines in the house funher contributed to inflexibility by restrieting the

placement of fixtures. Drain and water supply lines were very dependent on the Ooor and

wall frame: hot and cold water pipes were usually placed parallel to joists, while hot and

cold branches were located Dear the water main, and soil branches near the soil staek.

Altbough this arrangement was economica1, it was very restrictive with respect ta kitchen

and bathroom arrangements. The use of plastic in recent plumbing applications bas many

advantages over the traditional metal or clay pipes. They are durable, Iightweight, rigid

but flexible, easier to work wim, and cost etTective. In filet, plastics are gradually

replacing other plumbing materials as more technologies are found which improve their

production, strengtb, durability, and instailatioD.

Acoording ta Plumbioa Systems by Tim Wentz (1997), MOst design engineers

have the foUowing criteria when selecting material for plumbing systems. Oo1y the

materials meeting all these standards are considered flexible:

1. Conosive nature of the fluid being conveyed: Some wastes are very corrosive. The

waste and vent piping must be made ofspecial materials tbat resist corrosion.

2. Temperature and pressure of tluid being conveyed: Special consideration must be

given to the pressure rating ofthe piping for certain tasks•

3. Piping materials that are aIIowable by code: Some local plumbing codes are very

restrictive and othen are vert Iax concemiDg wbat types ofmaterials are aIIowed.
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4. Availability ofpiping material: Some piping materia! is not available in certain sÎzes.

5. Cost of piping material: Cost is an important criterion wben selec::ting a plumbing

material. Considerable savings can be achieved by switching trom an expensive

piping material, such as copper, to a less expensive material, such as plastic.

6. Cost of installation of piping material: Similar to the cost of piping material. For

exampl~ a glued joint, as used in most plastic systems, will be quicker and less

expensive to instaIl than the soldered joint used in MOst copper systems. The number

and type of piping supports required by the code is a1so an important economic

consideration.

7. Misœllaneous criteria, such as noise considerations: Some materials, such as some

thinner wall plastics, do not do a good job ofabsorbing the sounds generated within a

plumbing system.

4.6.3 MATERIAL TYPES

4.6.3.1 PLASTICS

Plastics and coPPer are the most commonly used materials in today's residential

plumbing systems. Although plastics have been widely used for drain, waste, and vent

piping, they are starting to gain acceptance for domestic hot and cold water piping as weil

Most plastic systems use a glued type of joint. Most g1ued joints depend on the

application of a primer, then an application of adhesive. Plastics are usuaUy quite

inexpensive 10 buy and install. Typically, they bave good to excellent corrosion

properties and are available in a wide range of siz.es. Plastics al50 bave acceptable

thermal resistane:e; bowever, they do ROt respond weil to heat. The maximum service
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temperature is 180° F (82.2° C) which means that plastics cannot always he used in hot

water systems. When compared to copper, plastic tubing is cheaper, lighter, more flexible,

it needs fewer joints, and is much faster to instaU (Wentz 1997).

• ACRYLONITRILE BUTADIENE STYRENE (ABS)

ABS is generally used in abave ground DWV systems. It bas been used since the

early 19605 in piping systems. It is known for its chemical resistance ability ta withstand

a wide range of temperatures. ABS is less expensive, Iighter and easier to assemble

during installation tban copper, cast iro~ steel and clay piping. ABS bas the CoUowing

advantages: it is chemical and corrosion resistant; it bas joint integrity which enables it to

withstand beavy earth laads; il is easily fabricated and installed, and easily repaired; it is

light weight; and it bas excellent electrical insulating properties making il useful Cor

handling communication and electrical wires and cables.

• CHLORINATED POLYVINYL CHLORIDE (CPVC)

CPVC is generally used in domestic hot and cold water systems. It bas a

maximum operatÎDg temperature of 180° F (82.2° C) and pressure of up 10 100 PSI

(689KPA). It is able to withstand a water temperature of 200° F (93.3° C) for limited

periods of tîme. It is similar in strength and overall chemical resistance to the PVC.

CPVC is softer tban ABS or PVC, and il can be easily eut with a lmife. Pipes and tittings

must be solvent welded to make a permanent bond.

• POLYBUTYLENE (PB)

It is generally used for domestic hot and cold water piping. There is no method

yet tbat cao chemically bond PB; therefore, a solvent weld joint cannot be used. Instead,

compression type joints are usecL However, due 10 some reœnt performance tàilures tbat

were higbly publicized, its use is currently beïng scrutinized by the industry.
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• CROSS-LINKED POLYTHYLENE (pEX) AND CROSS-LINKED
POLYTHYLENEIALUMINUMICROSS-LINKED POLYTHYLENE (pEX-AL-PEX)

PEX and PEX-AL-PEX are new developments in domestic water piping that are

gaining some acceptance. They cao be used in both hot and coId potable water

distribution systems and hydronic radiant heating systems. Design temperature and

pressure ratings are 160 psi al 73 0 F and 100 psi at 1800 F.

• POLYVINYL CHLORIDE (PVC)

PVC is the MOst popular material in plastic plumbing systems. It is widely used in

DWV systems. It is strong, rigid, and economical. Il resists most acids and bases but can

be damaged by some solvents and chlorinated hydrocarbons. Since the maximum service

temperature is 1400 F (60 Cl, it cannot be used for hot water systems.

4.6.3.2 ~1rAL

• COPPER

Copper is the MOst popular material for use in present domestic plumbing systems.

Copper pipe and tittings are used for potable water piping, DWV (Drain Waste Vent)

piping, and Medical sas piping. It cornes in four different grades or wall thicknesses.

1rype "M", '~Ln, "K" are used for water piping and in pressure situations, while type

"DWV" is used only on drain, waste, and vent piping and is classified as a non­

pressurized pipe. Copper pipe is joined either by soldered joints, brazed joints, or a type

of mechanical joint, such as a slip joint or a tlared joint. Soldered joints are the most

common in domestic water piping, and they must be made with lead-free solder. Soldered

joints are made al temperatures below 9000 F, and a flux compound on the joint must be

applied to enable the solder ta penetrate the joint completely. Copper piping is used

extensively in plumbing systems primarily due to ease of installation, which means lower
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total system costs. Copper piping is quite durable and will take quite a bit of abuse.

However~ copper pipe and fittings~ althougb easy to insta1l~ are more expensive than

comparable plastic materials. Another problem that using copper piping poses is

electrolysis: the ttansfer of electrons between dissimilar metals. As the electron transfer

increases (i.e. as the water temperature increases)~ the metal pipe losiog the electrons

corrodes (Wentz 1997).

4.6.4 ROUGH-IN

Much of the average plumbing job is hiding pipes in walls, ceilings, and floors.

The degree of flexibility is determined by how easüy pipes c:an run thraugh joists, studs~

and other ftaming members without weakening the structures in any way. There is tittle

flexibility in traditional residential plumbing, since the pipeline is very dePendent on the

struetural layout of the building. In additio~ the salid wood members used in MOst

traditiooal wood frame house constructions malte it harder ta create space for piping.

Installation tasks beœme more difticult when pipes have to run across ftaming members

in certain locations. Sometimes, for aesthetic reasons, a wall may eveo have to be built

just ta hide pipes (Figure 4.75). Concem is alsa eentered on cutting through frame

members, supponing piPes, protecting plastic and copper tubing trom nails, and making

connections white pipes are within walls: cutting must he done correctIy so tbat structural

integrity is Dot compromised. Pipes must he fastened into place sa that they can funetion

properly. Pipes should he protected against penetration by nails or hammers. Making

connections when piPeS are up in the walls requires special maneuvers due to tight

working space. The quiek solution ta this inftexability is to use framing members tbat

bave a cavity in them, whieh provides unobstructed elearance and working space. 0Pen­

web joist and commercial Metal studs, for eumple, facilitate installation weU.
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4.6.5 INNOVATIONS

The most recent innovation in domestic plumbing is the use of cross-linked

polyethylene (PEX) as water supply piping material for Nonh America's low-rise wood

frame homes. PEX plumbing systems are not new. They have been used extensively in

Europe for over 20 years. PEX pipe bas several advantages over copper and other plastic

pipes. It cao be used in cold and hot potable water distribution systems, and it is four

limes lighter tban copper. It is also more durable and flexible; it requites fewer joints; and

it is more resistant to corrosion, easier to handle, and two limes faster to installa Although

plastic pipes are similar in performance, the PEX system outPerformed CPVC and PB

pipes because its durable, efficient and trouble free mechanical joints outperformed those

which require welding with solvents.

Plastic pipes have bigher ductility than copper pipes. Particularly pipes made out

of PEX or CPVC cao be bent at a radius 8 limes to 24 times the outside diameter

(Vanguard Industries 1999) (Figure 4.76). This gives pipes the tlexibility in plumbing

layout, alsa it reduces labor and materials needed for joints. This often results in savings

on labor and material costs, quicker installation, and an increase in maneuverability in

tight spaces. PEX pipes oirer superior chemica1 resistanee 10 copper, thus there is less

water contamination due 10 scale and other bard-water deposits. They are alsa quieter,

more energy efficient, and more resistant to water fteeze (Vanguard Industries 1999).

Flexibility depends on compatibility with existing building systems. There is ooly

one grade for PEX pipes, and their wall thickness is proportional ta the tubes' outside

diameters. PEX pipes are manufaetured 10 the same dimensions as copper pipes in

outside diameter. Most PEX manufactures offer piPeS trom ~ inch to 1 inch in dïameter.

These include 3/8 inc~ 112 indI. 5/8 inch, 3/4 inch, and l-inch pipes. Copper to PEX

adapters and fittings are a1so offered. Various sizes are available to provide the flexsbility

required for switching from a copper plumbing system to a PEX system (Figure 4.77).

AlI pipes are available in standard straight lengtbs or tubing coUs. For new construction
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or large plumbing projects~ PEX tubing coils are more flexible because the tubes caB be

cut at any length. Moreover, they cao help to reduce waste, are cheaper in unit priee,

monolithic, and more efficient. For smaUer projects or renovations, standard straight

length pipes are more flexible in terms ofsize selection and cost control (Figure 4.78).

Because of the flexible nature of plastic pipes~ PEX requires about one half the

amount of copper fittings. Fewer fittings Mean an increased water ftow, less pressure

drop, less maintenance, and less installation work. However, different campanies have

different methods of pipe connection. Many manufaeturers use mechanical joints

standardized by ASTMI1
; othen used PEX fittings (hand-tightened DUt and boit) that

need no tool at ail for connection. Most types of mechanical joints are similar in design;

they require no glues, soldees, torches or lubricaots and cao be quickly instaIled (Figure

4.79). A typica1 mechanical joint consists of a copper compression ring and a

brasslcopper fitting. A ratchet is needed to set the compression ring onto the fitting

(Figure 4.80). Different campanies provide different methods and tools for tightening

rings. Some campanies offer a universal ratchet that cao crimp different size rings. Others

chose specialized ratchets that cao crimp one size ooly, which means one ring size per

ratcbet. Flexibility cao be restrieted because ratchets from different companies may Dot

be interchangeable. There is anotber potential drawback: PEX connec:tions designed by

some companies cannat be reused. This means tbat if mistakes are made, or

modifications~ pipes, tittings, and compression rings must be scrapped.

However, the application of PEX pipes and tittings is very convenient for plst­

construction home renovation. Copper pipes and joints cannot be soldered with water in

tbem. The quality of a soldered joint depends on bow pipes and fittings were prepared.

Also, the streagtb of the copper pipe connec:tion depends on the solder; the joint will

l' ASTM (AmericIIl Society for TesIiDg and MaIcriIIs) is a llCJIl-pIOfit orpnRarion...pmvidcs a forum

for the cIIMJGpmc:M lad publicationofvolmdary cmsePU i1aIIdards Cor materials, pmducIs, systems aad

.mces (ASTM 2000).
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eventuaUy fail due to solder corrosion. Working with a torch and solder in a tight space

cu be very difficult, and sometimes even dangerous. Flexibility is limited when making

spaee for serviee or modification, sinee the amount of work for rougb in cu he more

extensive in some hard to reach areas. Installing PEX fittings is easy enough because it

just needs enough spaee to pass a ratchet in order to make the connection. Therefore, it is

possible to make a modification or repair in almost any place. However, plastic pipes are

softer than metals and May be damaged by abrasion or by objects with a cutting edge.

Use of PEX or CPVC materials in hot and cold water distribution systems must be in

accordanee with 800<1 plumbing practi~ applicable code requirements, and cunent

installation pnctices available trom any manufaeturers.

4.6.6 PRIeE

Plastic pipes are often one-half the priee ofcopper or lower. In addition, the priee

of plastic is more stable tban coppcr which fluetuates. Below is a priee comparison list

between PEX and COPPer pipes quoted from RÉNo DÉPÔT in Montreal on November III

1999 (Table 5):

PEXTUBE PRICE COPPER TUBE PRICE PRICE
SIZES SIZES (M-grade) (L-grade)

(diameter, lengtb) (diameter, length)
114-, iD' $2.. NIA NIA NIA

112", 10' $3.18 112", 12' $5.48 $8.14

314-, 10' $5.71 314·, 12' $10.38 $14.38

112", 100' COlL sa.Ml 112"1 .' COlL sa.931ft NIA

Table S: Priee ofPEX and copper tubes.

Many PEX plumbiDg suppliers use copper tittiDgs in the PEX plumbing system.

They COlt about the sune as fittings for copper pipes. Perbaps the manufacturen' strategy
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was to save on production costs while establishing a standard based on what is already on

the market. These two types of fittings are similar in desig~ shape and size. The priees of

copper fittings for PEX tubes range from SO.64 to S3.58 per fitting. However, PEX to

copper adapters or transition fittings are quite expensive. They cost trom S3.18 to S7.10.

PEX or CPVC plastic fittings are relatively inexpensive; the price range is between SO.06

to SO.10 per fitting. Depending on manufacturers' designs, sorne PEX copper fittings may

be reused. PEX plastic tittings (hand-tightened nut and boit) are also reusable (Figure

4.81). However, some PEX to copPer or PEX ta CPVC transition fittings may not be

reused. Most CPVC fittings are for one-time use oo1y and not reusable. In general,

althougb copper fittings are more expensive than those made of plastic, copper bas less

tlexibility in terms of reusability, and, therefore, cao be more expensive. PEX plastic

fittings have the highest flexibility because they are reusable, require no tools for

installation, and their unit priee is cheaper.

What bas the invention of plastic contributed to tlexibility in plumbing? The

tlexible nature of plastic allows pipes ta go around obstacles more easily. The methods

for joining plastic pipes have simplified installation work, rendering it more accessible to

a broader public. Although the result of plastic piping MaY not be revolutionary when

compared to copper, it encourages dweller panicipation in home building or renovation.

Moreover, it reduces their dependence on sIdlled labour, and it eliminates the

inconvenience of personnel coordination. Even though, in certain circumstances, the

same level of plumbing tlexibility may be attained using copper pipes, plastic piping

provides another plumbing option and added tlexibility to builders, contractors, designers,

and usas who are in a position ta chose the options that best suit their needs. To builders~

the plastic-piping system may mean a reduction in costs since the material and

installation are cheaper. To contraetors, it means increased control over plumbing layout

during and after construction. The use ofthe plastic-piping system will enable architects,

engineers and interior designers to aIlow for minor design modifications without
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completely changing the plan. To users, the selection of the plastic-piping system means

lower costs and a greater opportunity for "do-it-yourself" aetivities. This is imponant

since the goal of tlexibility is to let occupants modify their own layouts without the

intervention ofsecondary parties.

4.6.7 AIR ADMITrANCE VENTS

4.6.7.1 SUMMARY

Every plumbing fixture needs a vent (Wentz 1997). Conventional plumbing vents

allow gases to escape and must extend above the roof to minimize odon. The air

admittance vents are pressure activated, one-way valves for plumbing drainage, and vent

systems allow air in but prevent the plumbing system's sewer gues ftom escaping. The

vents come in two sizes: one for fixture venting and a larger size for system venting. Air

admittance vents cao eliminate the need for Ooor and roof penetrations, which provide

architects and engineers sreater freedom of layout and design. Lengths of vent piping cao

a1so be drastically reduced, which decrease labour and material costs for complex open

pipe venting systems. The vents (or valves) work by a1lowing air to enter the plumbing

drainage system through a one-way air valve wben water tlows througb the pipes. When

the tlow stops, the valve closes by gravitYand prevents the escape of sewer sas ftom the

plumbing system. Screening protects the valve and keeps out foreign objects and vennin

(Studor 2000) (Figure 4.82).

4.6.7.2 INSTALLATION

The smaller vent comes with tapered tbreaded connectors that a110w welding to 1­

YI inch to 2-inch pipe. The larger vent fits onto 2-inch to 4-inch pipe. Floor penetrations

are generally not neœssary, unsightlyand costly. Deviees compatible with PVC drainage

and vent piping and are modularly sized with standard vent pipe diameters for easy

installation.
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4.6.8 OVERVIEWS AND FUTURE TREND

In order to achieve higher Oexibility, new plumbing layouts must be used.

Kitchens and bathrooms are mast likely to be renovated during the life cycle of a house.

Due to limited Oexibility and budget, many renovations are done without relocating these

rooms to other places. In order for an occupant to upgrade cabinets, appliances, tixtures

and finishes, and mechanica1 and electrica1 systems, service lines have to be insta1led in a

flexible manner. A utility trench could be located in the Ooor, and accessed througb an

open-close tloor cover. This would bouse trunks of numerous mechanical and electrical

systems to which branches could connect. Nevenheless, the utility trench must work in

conjunction with open-web joists in order to allow unobstrueted passage ftam one end of

the building to anather.

In the author's opinion, the present rigid PVC drainage pipe should he more

flexible. The more rigid a plumbing syste~ the more tittings and installation are required,

and the less user control. This may not mean much in new bouse construction, but it does

bave an impact on Oexibility in bome renovation, repaie, replacement, alteration, and

demolition. When the pipîng material is softer, it cao be routed around obstacles more

easily, whicb renders the plumbing system more independent. Let us reca1l that DWV

system is working by gravity. Ifpressurized systems are used in conjunetion with tlexible

drainage pipes, a drainage network could be organized in the same way as the water

supply system is. Nonetheless, most plumbing codes prevent the use of motorized

systems in domestic plumbing because they have a bigher chance of failure. Therefore,

until new teehnologies are invented ta solve tbis reliability problem, tlexibility in

plumbing systems can oot be achieved without interfering with other building systems.
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TAAP:,L
SEAlI~

AREA OF LOW PRESSURE

-WASTE -SUJG-

AREA OF HlGH PRESSURE

•

Figure 4.73: Positive and negative pressures in a staek. The venting system prevents "trap
blowout" or "trap siphonage" wbich is caused by positive and negalive pressures within
the system. (Source: Wentz 1997)

SIn of FIxIure DrIIIn. In. Dt.-1Ce-'hp to vent, ft

11Â 2.5

1'h 3.5

2 5

3 8

.. 10

Figure 4.74: Maximum length ofttap ume The plumbing code restridS the distance
between the trap and trap vent in relation ta the fixture drain diameter7 which is often
referred to as "trap ann". (Source: Wentz 1997)
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'ICftt ppa maKi
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Figure 4.7S: The degree ofplumbing 8exibility relies on how pipes can run througbjoists,
studs, and other fhuning memben witbout weakening the structures in any way. (Source:
CMHC 1997)
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RIGID TUBING
REQUIRING

DIREGIONAL
FITTINGS

FLEXIBLE PE).

Minimum Bend Radius
3/8H Plumb-Pex· 3H

1/2- Plumb-Pex· 3.75"

3/4H Plumb-Pex· 5.25"

l H Plumb-Pex· 6.75"

Figure 4.76: Bending Pex pipe. Plastic pipes have higher duetility than copper pipes.
Panicularly pipes made out ofPEX can be bent at a radius 8 limes to 24 times the outside
diameter. This gives pipes the tlexibility in plumbing Iayout, alsa il reduces labour and
materials needed for joints. (Source: Radiant Technology 1999)

-

...... - - -...

•

Roth PEX In••rts to .w••t adapter

Roth PEX In••rI. to IP thread transitions

Figure 4.77: PEX transitions. Copper ta PEX adapters and fittiDgs are otrered. (Sowœ:
Radiant Tecbnology 1999)
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Figure 4.78: PEX coüs. For new construction or large plumbing projects, PEX tubing
coüs are more tlexible because the tubes can be eut at any length. (Source: REHAU
Incorporated 1999)
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Connections are made in 3 easy steps.

1) Slide the
clamp over
the tubing.

2) Slide the
tubing onto the
insert fitting.

3) Close the damp with
the Ratchet tool.

Note: The Ratchet tool will not release until the clamp is property closed.
This insures the installer that the connection is complete.

Removal of a Completed Connection

1) Place a flathead screw­
driver under the clamp
tab and push up to
unlock.

2) Using the Plumb-Pex·
tool, grab anta the tab
and pull. The clamp
should now snap free.

•

Figure 4.79: PEX installation. Most PEX mecbanicaljoints are similar in design; they
require no glues, solders, torches or lubricants and cm be quicldy instaIled. (Source:
Radiant Technology 1999)
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: ne..
i

1 Deacrlptlon
1

Quantltv i Ust
.PrIee

i~ 112- PB; bag of 100 NOTE: For PB. ooly

l~ 314- PB; bag of 100 NOTE: For PB. ooly
1 •

.$ 240.00

;$ 240.00
1
~$ 240.00

1$ 380.00
1
1

!

:$ 17.00
i
!$ 16.00

:$ 21.00

$ 7.50
--+-- -- - ---.

i$ 17.00
!
1$ 21.00

i
1Roth PEX Crlmp Tooi

Il For 318- PEX

For 112- PEX

1 For 314" PEX
!
1 For 1· PEX------1 Roth Crlmp Rings

~ 1 318" PEl(; bag 01100

~ t 112- PEX; bag of 100
t

! 314- PEX· bag of 100
1 •

1

,. PEX; bag of 25

Figure 4.80: A lypical PEX pipe mecbanical joint coDSists ofa copper compression ring
and brasslcopper fitting. Ratchet is needed to set the compression riDg onto the fiUing.
(Source: Radiant Technology 1999)

•
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Flair-II Fittings for Polybutylene and PEX Tubing

HOW TO USE Flair-lt FITTINGS:
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1

2

3

Slide nut over tubing.

.~
Firmly press tubing ooto the Rare
of the fiUing using a rockïog motioo
unnl the tubing rests
against the fitting.

Slide the out to the threads and
tigbten securely ooto the fiUing.

•

Figure 4.81: PEX plastic fittings are ÏDexPeDSive and reusable. (Source: Flair-It 1999)
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Figure 4.82: Air admittance vent. It cao eliminate the need for tloor and roofpenetrations.
(Source: Studor IDe. 2000)
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CONCLUSIONS

S.O INTRODUCTION

This chapter presents a general overview of the study and is divided ioto three

sections. The first section reviews the flexible produds discussed in this thesis as a wbole

and wbether they increase overall building flexibility. In the secon~ oost and quality

issues are discussed. Finally, the author makes recommendations for the future of

tlexibUity witb respect 10 the user, the economy and the construction industry.

S.l INTEGRATION OF FLEXIBLE PRODUCTS

When building systems are entangled, a bouse CID not become completely

flexible due to the intlexibility ofcertain companents. However, this intlexibility can he a

result of a lack of coordination between the flexible systems. Therefore, the author

examines the 8exibility between produets.

The author believes that one should specify the desired level of overall building

tlexibility before seleçûng produets in order to avoid conOiets between Oexible systems.

A ditTerent mix of Oexible systems win otrer a different degree of Oexibility. For

example, if moderate 8exibility is desired, Oexible panitions do DOt necessarily bave to

work with a long-span open web joist and, the t1eXlble electrical, HVAC and plumbing

systems may be excluded. This section will study all possible combinations of the

tlexible systems, wbich are shown on the table below (Table 6):
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CombiDation of CombiDation of Combination of Combination of CombiDation of
two . tbree . four five six.
Ab, ac, ;ul ac, abc, abd, abc, abcd,~ abc( abcde, abcdt: Abcdef

ai: abi: abde, abdt: abcfe,

Be, bd, be, bi: acd, ace, ad: abc( abdet:
Cd, ce, ct: ade, ad!: acde, aatt: acdef,

De,df: ad: ace( hedef

Ef bcd, bec, bd: adef,

bdc, bdt: baie, bcd(

bet: bec(

cele, cdt: bdc(

cet: cdcf

def

IS combiDalioas 20 combiDations IS œmbiDalions 6 combinatiœs 1 combiaatiœ is
are availablc are avaiJablc aR availablc are availablc avaiJable
Support œtcaorY Infill catCl"Q'

a: Long-span Joists b: Flexible Partitions
c: Flexible Staïrs
d: Flexible Electrical Systems
e: Flexible HVAC Systems
f Flexible Plumbing Systems

Table 6: Combinations ofOexible building systems.

In total there are 57 possible combinations between the six building systems. An

evaluation is also given ta indieate how flexible these produets could be when used

simultaneously. The criteria are described below:

l One point for eacb independent flexible system (cumulative).

ll. Add another point ifeach indepeadeot tlexible system favors the tlexibility ofothers.

5.1.1 COMBINATIONS OF TWO COMPONENTS

• (ab) Long-span joists and flexible partitions:
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Long-span joists reduce the need for making intermediate supports therefore,

augment the flexibility ofthe flexible partitions.

Combined-tlexibility rating: 3

• (ac) Long-spanjoists and flexible stairs:

The STAIRFRAME seems to work with both tloor systems using the dimension

lumber and the engineered wood joists. Tbus, the long-span joists would add little

flexibility to the stairs. In addition, special details may be required for connecting

the stairs to these engineered wood joists. The extra details would malte the

construction of stairs more complex and their installation more difticu1t, which

couId cause intlexibility.

Combined-tlexibility rating: 2

• (ad) Long-spanjoists and tlexible electrica1 systems:

Whereas electrical raœway systems are mounted on wall surfaces, the open-web

joists alIow wiring to be placed in the ftoor. Cutting the ftaming members for

passing eleârieal wires caB be avoided in the open-web joists. A1so, wires can be

quicldy and easily relocated tbanks to the open space in the web areas of these

joiSU. Tberefore, long-span joists couId belp to increase the tlexibility of the

flexible electrical and data/communication systems by making their insta1Iations

more manageable.

The accessible ceiling systems may also work with long-span joists. However,

possible drawbacks include reduced tire resistance and sound rating as weU as a

Jack ofsturdiness in ceiling structures.

Combined-flexibility rating: 3

• (ae) Long-span joists and tlexible HVAC systems:
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The engineered wood joists could increase the tlexibility of traditional HVAC

systems by titting the duets in the web areas. The duetless and mini-duet air

distribution systems inerease tlexibility because their conduits are smaller and

more tlexible and cao travel thraugh Ooors more easily. The open-web joists

could provide more ftee space for installing, servicing and relocating the conduits.

Combined.t1exibility rating: 3

• (ai) Long-span joists and tlexible plumbing systems:

The material charaeteristics and sizes of the present copper water supply systems

and PVC drainage systems a110w a certain degree of plumbing tlexibility in

traditional wood frame (dimension lumber) house construction. Engineered wood

joists, especial1y those with open-web desi~ permit fteer passage of pipes.

Therefore, a higher degree of tlexibility is expected.

Combined-tlexibility rating: 3

• (he) Flexible partitions and tlexible stairs:

ln the author's opinion, the tlexibility of these two components neither

complement nor impede each othee. They are independent systems.

Combined-tlexibility rating: 2

• (bd) Flexible partitions and flexible electrical systems:

Althougb electric outlets and wires could be inserted in the cavities of the

demountable partitions, the surface raceway systems still oirer the higbest degree

of 8extbility by placing the electrical systems outside. Surface raceway systems

must he used in same movable wall systems due 10 tbeir monolithic constructions.

Switcbes may bave 10 be movcd to accommodate wall and ceiling fixtures. The

demountable partitions permit electrical boxes to be instaIled in their cavities.
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Tberefore, the tlexibility of acœssible ceiling systems is best put to use wben

working in conjunetion with demountable wall systems.

Combined-flexibility rating: 3

• (be) Flexible partitions and flexible HVAC systems:

The conduits of the mini-duet air distribution systems are normally set within the

tloors or ceilings. Therefore, the tlexibility of the demountable and/or movable

wall systems would not increase the tlexibility of the HVAC systems very much.

The mini-duet air distribution systems and the duetless beat pumps may he able to

increase the tlexibility ofpartitions because they caR he moved more easily when

the rooms bave been relocated.

Combined-tlexibility rating: 3

• (bt) Flexible panitions and flexible plumbing systems:

Pans of plumbing systems are hidden in the walls. The cavities in the Metal studs

of the demountable panitions help to run pipes more easlyy and quickly. When

the wall finishes are completed, the maintenance and alteration of plumbing can

he clone without damaging the wall panels. However, the movable partitions are

unlikely to acc:ommodate this type of flexibility because of their monolithic

constructions.

Combined-tlexibility rating: 3

• (cd, ce, cf) Flexible stairs and tlexible electrical, HVAC and plumbing systems:

The electrical, HVAC and plumbing systems normally do not penetrate the

staircue; therefore, tlexlbility in the stairs would bave no etreet on the tlexibUity

ofthese systems, and vice-VersL

CombiDed-Oexibility rating: 2
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• (de, dt) Flexible electrica1 systems and flexible HVAC and plumbing systems:

Because the electrical raceway systems are mounted on the wall surfaces and

most of the HVAC and plumbing lines are placed in the floor/ceiling spaces, the

flexibility ofthe raceways, mini-duct or duetless air distribution systems or plastic

plumbing would not be affected.

Combined-flexibility rating: 2

• (et) Flexible HVAC systems and flexible plumbing systems:

The reduced plenum sizes of the mini-duet or duetless air distribution systems

May help to inaease flexibility in terms of running the pipes for the plumbing

fixtures in the tloor/ceiling spaces. However, the plastic plumbing systems MaY

have a limited etfeet on the tlexibility ofHVAC systems because they usually do

not hinder the passage ofduels or conduits.

Combined-tlexibility rating: 2

S.I.2 COMBINATIONS OF THREE COMPONENTS

• (abc, abd, abe, abt): Long-span joists plus flexible partitions and flexible stairs,

electrical, HVAC or plumbing systems

Except the STAIRFllAME systems, which do Dot contribute much to the

ftexibility of interior spaces, Oexible partitions must work with long-span

engineered wood joists, surface electrical raceways, mini-duet or duetless air

distribution systems, and plastic plumbing systems in order to stay tlexible.

Because these building systems are entangled, when the partitions move, the

service systems must aIso move with them.

Combined-Oexibility rating: 4 to S
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• (acd,~ acf): Long-spanjoists plus flexible stairs and electrica1, HVAC and

plumbing systems

Sïnœ the STAIRFRAME systems are independen~ they do not affect the

flexibility between the engineered wood joists and the surface raceways, mini­

duet or duetless air distribution and plastic plumbing systems. The flexibility of

these three companents combined could be seen as one without the flexible stairs.

Nevertheless, the use of open-web joists could a1ways improve the flexibility of

instaUing the electri~HVAC and plumbing systems.

Combined-Oexibility rating: 3 to 4

• (ade, adf): Long-span joists plus flexible electrical systems and flexible HVAC or

plumbiog systems

The open-web joists may accommodate the conduits of the flexible electrica1,

HVAC and plumbing systems more easily than the engineered wood I-joists and

V...joists. It appears that tbere is no system confliet within this combioation.

However, it may be less economical to use the engineered wood joists just for

passing the wires and pipes.

Combined-tlexibility rating: 4

• (aet): Long-span joists plus tlexible HVAC systems and t1ex1ble plumbing systems

Despite the fact tbat flexible HVAC and plumbing systems could work with

dimension lumber joists due 10 their reduced sizes and improved material

tlexibility, bath the mini-duetlduetless air distnüution systems and the plastic

plumbing systems work with engineered wood joists just as weil.

Combined-Oextbility rating: S
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• (bcd, bœ, bet): Flexible partitions plus flexible stairs and flexible electrical, HVAC

or plumbing systems

The STAIRFRAME systems are independent and, therefore, would not affect the

flexibility of the other components. However, the tlexibility of the UVAC and

plumbing systems would not increase with the use of flexible partitions, except

for the demountable typ~ which allow open access. The contrary is also true.

Thus, it is futile to combine these systems in order to achieve a higher flexibility.

Combined-flexibility rating: 3 10 4

• (bde, bdt: bet): Flexible partitions and the combinations offlexible eledrical and

HVAC systems, flexible electrical systems and plumbing systems or, flexible UVAC

and plumbing systems

The surface raceways could make wiring more flexible for flexible partitions. A

higher mobility of the demontable and movable panitions could he achieved by

using the flexible electricaL HVAC and plumbing systems. This is because they

are manageable (i.e. easy to eut or make extensions and additions). Because they

are small and flexible, installing them in tloors, ceilings and walls is less difticu1t.

Combined-tlexibility rating: 4 to S

• (cele, cd( œf): Flexible stairs and the combinations oftlexible electrical and HVAC

systems, Oexible electrical and plumbing systems or, Oexible HVAC systems and

plumbing systems

Flexible stairs do not contribute ta the tlexibility of other building systems.

Moreover, because the electrical, HVAC and plumbing systems are independent

no increase in 8exibility could be 8Chieved by putting them together.

Combined-tlexibility ratiDg: 3
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• (det): Flexible electrical systems plus flexible UVAC systems and flexible plumbing

systems

The surface raceways attain their tlexibility by moving the wiring outside the

walls and floors. This method would not help the Oexibility of the mini-ductl

duetless air distribution systems or the plastic plumbing systems because of their

low level ofeotanglement.

Combioed-flexibility ratiog: 3

5.1.3 COMBINATIONS OF FOUR COMPONENTS

• (~abcey abct): CombinatioDS ofthe long-spanjoistsyflexible partitions and

flexible stairs and the flexible electri~ UVAC or plumbing systems

The independent STAIRFRAME systems do not contribute to the Oexibility of

other Oexible building systems. Howeverythe Oexible partitions work best with

long-span engineered wood joistsysurface raceway~ mini-duetlductless air

distribution systems and plastic plumbing systems.

Combined-tlexibility ratiog: 6

• (abde, abdf): Combinations ofthe long-spanjoi~ flexible panitioDS and flexible

electrical systems and the flexible HVAC or plumbing systems

The use oC long-span joists with the Oexible partitions, and surface raceway

systems could increase flexibility when relocating interior spaces with more

tlexibility. The additional use oC fleXIble HVAC and plastic plumbing systems as

weil as flexible partitions couId push this flexibility bigher by making the service

systems more mobile.

Combined-tlexibility ratiog: 7
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• (abet): Loog-span joists plus flexible partitions plus flexible HVAC and plumbiog

systems

The flexible panitiODS, mini-duetlduct1ess air distribution systems and plastic

plumbing systems dePend 00 engineered woodjoists (especially those with OPen­

web designs) ta achieve their maximum level offlexibility. The service systems

al50 make demountable and movable partitions more mobile.

Combined-flexibility rating: 9

• (acde, acdt: acet): Long-span joists plus flexible stairs vs. the cambioations of

flexible electrical, HVAC and plumbing systems

The flexibility ofengineered wood long-span joists, surface raceways, mini­

duetlducdess air distribution systems and plastic plumbing systems would not he

influenced by the use ofthe STAIR.FRAME systems.

Combined-flexibility rating: S

• (adet): Long-span joists plus flexible eleetrical, HVAC and plumbing systems

The engineered wood joists would have little effect on the flexibility ofthe

surface raceways, but the open-web joists cou1d malte the installation ofthe mini­

duetlduetless air distribution systems and the plastic plumbing systems easier.

Combined-flexibility ratiog: S

• (bcde, bcdt: bcet): Flexible partitions plus flexible stairs plus the cambination of

flexible electrical and HVAC and plumbing systems

The independent STAIR.FRAME systems could he omitted ftom the assessment

ofjoint-f1exibility ofvarious flexible produets. Nevertheless, the surface raceways,

mini-duetlduetless air distribution systems and the plastic plumbing systems

would help wben relocating tlexible partitions.

Combined-flexibility ratiog: S 10 6
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• (bdet): Flexible partitions plus tlexible electri~ HVAC and plumbing systems

Without the use of long-span engineered wood joists, the flexible partitions may

not be able to provide the maximum tlexibility for cbanging interior layouts.

However, the mobility ofthe surface raceways, accessible ceilings, mini­

duetlduet1ess air distribution systems and the plastic plumbing systems could

make demountable and movable partitions more flexible.

Combined-tlexibility rating: 7

• (cdet): Flexible stairs plus tlexible elearical, HVAC and plumbing systems

The STAIRFRAME systems would have no impact on the tlexibility ofthe

flexible electrical, UVAC and plumbing systems. AllO, each ofthese systems is

independently flexible and would not become more 50 when combined with any

other building components.

Combined-flexibility rating: 4

S.1.4 COMBINATIONS OF FIVE COMPONENTS

Five ofthe six combinations offlexible building systems include flexible staÎn.

Since the STAlUFRAME system does not affect the tlexibility ofothers, il will he

excluclecl ftom the assessment ofjoined-flexibility. Therefor~

(abcde) becomes (abde),

(abcdf) becomes (abdt),

(abcet) becomes (abet),

(acdet) becomes (adef) and,

(bcdet) becomes (bdet).
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• (~e, abgl( abg:f): Long-span joists plus flexible partitions plus Oexible stairs and

the combinations offlexible electrical, HVAC and plumbing systems

Flexible partitions attain their highest tlexibility by using engineered wood long­

span joists and other flexible electrical, HVAC and plumbing systems. Sinœ the

utility systems tend to he independent, there would be tittte contliet between them.

Combined-flexibility ratiog: 7

• (~e( bgIef): Flexible electrical, HVAC and plumbing systems and the combination

oflong-spanjoi~ flexible partitions and Oexible stairs

These combinations have already been mentioned above.

Joined-flexibiUty rating: 6

• (abdef): Long-span joists plus flexible partitions plus flexible eleetri~ HVAC and

plumbing systems

The use ofengineered wood long-span joists (as the Support), flexible partitions,

and flexible service systems (as the Infill) exhibits the MOst tlexibility ofail the

combinatioDS.

Combined-tlexibility ratiog: 7

5.1.5 COMBINATIONS.OF SIX COMPONENTS

• (~et): Long-span joists plus flexible partitions plus flexible stain plus Oexible

electri~ HVAC and plumbing systems

This is the only combination available which puts together ail the flexible

produets presented in this thesis. Sïnce the independent STAIRFRAME systems

do DOt contn"bute ta the OexibiIity ofother systell1St the ratiog is similar to the

combiDation of(abdef). which wu clescribed earlîer.

Combined-ftexibility rating: 8
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In summary, more Oexibility could be obtained by combining produets ftom the

Suppon eategory with those ftom the Infill category. Since the utility systems presented

in this thesis were designed to increase Oexibility in traditionaI wood frame house

construction, using engineered wood joists would improve the tlexibility by titting the

utility systems more efficiently. However, produets ftom the same category (especially

the utility systems trom the Infill category) would not gain additional flexibility when put

together due to the modular designs that make them entirely iodependent ofone another.

5.2 OTHER THOUGHTS

Do the construction produets in tbis study contribute to tlexibility in bouse

construction? Yeso The produets would deliver their promised results ifother building

systems do not physically interfere with the installations, maintenance and modifications.

However, there are other considerations that mitigate the potential benefits of these

produets.

S.2.1 COSTS

The bigh installation cost ofsome produets, such as flexible partitions and mini­

duet or duetless HVAC systems, may persuade the builders or occupants to choose other

traditional, less-tlexible alternatives. The cost ofhardware also contributes to the higb

initial expense because the produets were designed to accommodate future changes.

Althougb these costs cao be reduced by dOÎng selt:installatio~ housebolders must posses

a degree ofconstruction skilI to install the systems on their own (Yamin 1990). The users

must leam to instaIl products tbemselves in order to avoid paying the bigh labour rates of

professionals. This implies tbat housing tlexibility is meant for people who knowabout

building construction. AllO, this presents the possibility that Oexibility produets wouId

not be more economicaL
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The author 5UggestS that govemments provide a financing option to cover the bigh

initial cast, plus subsidize a training program to get people familiar with basic bouse

construction. With the support of the govemments, these produas could become more

flexible and atTordable, and, therefore, more acceptable to the public.

5.2.2 QUALITY

Quality cao he measured by the dweller' s satisfaction and the durability ofthe

produets. It is alsa proportional to the cost and the degree of flexibility. Therefore, the

quality level varies ftom project 10 project. However, bigh-quality produets do DOt

necessarily contribute to bigher ftexibility. For example, quality-oriented movable

partitions·' focus on 50Ud construction, precise fit and fmish and the use ofgood

materials. These partitions are heavier and often require special tools to install. The

manufaeturers recommeod that œrtified installers carry out the setup. This delivers the

best resuIts, but does 50 al the users' expense. The high price coupled with the "sturdy"

assemblage ofpans may create a counter effect that reduces ftexibility. The author

believes that there should he more research ioto the relationship between ftexibility levels

and quality levels.

S.3 RECOMMENDATIONS FOR FUTURE FLEXIBILITY
CONSTRUcnON PRODUcrS

ln addition 10 improving these products' quality, tlexibility, and efficiençy in

terms oflabour use and materials, the industry should develop new construction produets

that coDlribute ta increased tlexibility. First, the produets would gain higher acceptance if

tbey were considered 10 be a means ofkeeping the home building industry efficient.

.. MaVIbIe a-tilialls1Ie.....nybeUer .........mtahIe paditioDs bmM'SC oftheir consjslcncy in

quaIitJ. ladIiIlbIdy, die mast expensive (a1Io die bigbest qœIity) movabIc partition is the PaUiser Series

fiom die..~ Sys1aD5 Lad.
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productive, and competitive (Sternthal 1994). To this en~ more new materiaIs,

components and systems should be introduced. However, these innovations should avoid

introducing dramatic changes to the existing home-building practices. Otherwise, the risk

of rejection may he high.

Second, because the entire building system is separated inta components and

independently developed by manufaeturers, new organizational concepts and

management techniques are required to integrate these systems in a more efficient way.

Hutcbings (1996) mentioned: "The modular construction industry's evolution bas been

clisorganized. Different manufaeturers malte ditrerent things, ... wbich led ta &agmented

business with noncohesive industry direction or representation." With the anival of new

technologies and new produets, a method must be established to ensure the efficient

connectionltransition between the new and the old. The installation works and tools

should a1so he simplified and standardized. It takes time to train workers (or even

dwellers) to use new procedures, and money to purchase the tools that are necessary to

implement a new produet. The future produets should prevent a drop in efticiency due to

usent adaptations.

ThinI, the otfer oCtoo many tlexibility options cao beœme confusing at tîmes.

The author SU8lesta that, in the future, a study Cocusing on builders' and occupants'

neecls he done to enable them ta determine the level oftlexibility appropriate to any

given project. The new produets should a1so help their users to find the appropriate .

degree oftlexibility for home design, production, marketing and occupation. The industry

could develop a standard rating system ta indieate the produet's degree oftlexibility.

With il, the manufacturers couId "caIcu1ate" the range oftlexibility for one or a mix of

produets. When the tlexibility is expressed as an "index", the produets could be more

comprebensivelyaad efticiently selected by ils users. This could help them avoid making

an unnecessary investment in unwanted features.
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ln conclusio~ the use ofconstruction produets that contribute to increased

tlexibility in wood frame low...rise bousing is closely a5S0Ciated with the degree of

tlexibility ofa project. In the future, when new technologies or techniques are invented,

more components cao become flexible. However, their full potential cao only be met if

system entanglement is solved, cost is reduced and installation is made more accessible to

common users. With support from the govemment and the construction industry, we cao

benefit more trom an expanded range ofhousing tlexibility.
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