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1. Introduction

An efficient single-family house is a final purpose
of life cycle. It determines the necessity to evaluate
various decisions of life cycle of single-family houses,
and possibilities to satisfy objectives and requirements
of participants of that process. To design and achieve
an efficient process of a single-family house life cycle
it is necessary to take care of the building efficiency
starting from the determination of needs and objectives
and ending to usage of a building. In each stage of the
life cycle of a building many interested parties are in-
volved: clients, designers, contractors, manufacturers and
suppliers of construction materials and products, users,
public and municipal institutions, buildings supervisory
and repair organisations, etc. While designing the life
cycle of a building and making decisions, it is neces-
sary to take into account the interests of these interes-
ted parties. Therefore the life cycle of a single-family
house has to be designed and implemented taking into
consideration its stages, objectives and opportunities of
the interested parties after evaluating the environment
of micro- and macro-level, simultaneously influencing
the efficiency of a single-family house. A variety of
factors describing efficiency of single-family houses po-
ses a question: how to evaluate decisions of the life
cyvele of a building in many aspects?

Many research works have been reponed for sol-
ving relevant problems of a particular stage of a buil-
ding life cvele tie brief, design. construction. mainte-
nance) [1-3]. Most svstems. such as QM-XPS [4]. the
CABMaS rescarch project developed under the heading
of “Cooperative Research™ [5]). and the tools proposed
by G. Aouad [6]. Y. E. Kalay [7]). G. Coetzee et al.
[8], use information technology (IT) to support the dif-
ferent decisions of a building life cycle and managing
their associated information.

C. M. Eastman et al. [9. 10] presented a survey
of software programs, IT, expert and decision support
systems used world-wide for solving problems related
to brief, design, construction and maintenance proces-
ses. According to D. Veeramani et al. [11], the transi-
tion of the construction industry to the computer-integ-
rated era requires the development and acceptance of
collaboration technologies for all steps of a construc-
tion project from design, through construction process
planning, as well as project execution and management.
In this context, the growing popularity of the WWW
and Internet-based technologies is creating new promi-
sing approaches to collaborative design, contractor se-
lection, construction process planning and execution, and
project coordination.

This paper proposes a model of complex analysis
of a single-family house life cycle and the possibilities
of its realization. Its purpose is to provide a structure
for development of new capabilities and tools for a
more efficient implementation of objectives and needs
of the interested parties.

2, Analysis and evaluation of efficiency of life cycle
of a single-family house

2.1. Development of a model for a complex analysis
of a single-family house life cycle

In order to design and realize an efticient life cyvele
of a building. it is necessan to take care of the buil-
ding efticiency trom the inception 10 the end of servi-
ce life. The entire process must be planned and execu-
ted with consideration of its key stages. objectives and
opportunities of interested parties involved in the pro-
cess and the environment of micro- and macro level.
For complex solving problems and increasing efficien-
cy, a model of analysis of a building life cycle was
developed (see Fig) [12, 13]:
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e Analysis of component parts of the building life
cycle (stages, participants and the factors of envi-
ronment influencing the building life cycle).

e Multivariant design of life cycle of a building.

¢ Multple criteria analysis of life cycle of a building.

o Development of rational micro- and macro-level en-
vironment.

¢ Selection of the efficient variant of life cycle of a
building and realization of purposes of the interes-
ted parties involved.

The life cycle of a building can be divided into
five closely interrelated stages, such as inception, de-
sign, construction, in-use and demolition. At the stage

of inception the client and designers state major requi-
rements and limitations regarding the building in ques-
tion. A single-family house is being designed with an
account of the client’s needs as well as the possibili-
ties of designers, constructors, suppliers, etc. At the
design stage of building life cycle, multivariant design
and multiple criteria analysis should be carried out ta-
king into account the experience gained in realizing
similar projects and seeking to harmonize the activities
of the interested parties. The strategy and means of its
realization related to building maintenance and facili-
ties management should be defined. They should ensu-
re that maintenance and facilities management problems
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Fig 1. A model for a complex analysis of a single-family house life cycle
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are continually dealt with, starting from the inception
stage.

A building life cycle may have a lot of alternative
versions. These versions are based on alternative in-
ception, design, construction, in-use and demolition pro-
cesses and their constituent parts. The above solutions
and processes may be further considered in detail. For
instance, varying its three-dimensional planning, as well
as structural and engineering solutions alternative sin-
gle-family house variants may be developed. Thus, do-
zens of thousands of alternative versions can be obtai-
ned.

Since the rationality of the project aspects often
depends on a particular participant, only a complex de-
sign of a single-family house life cycle involving close
collaboration of major interested parties can lead to
good results.

The efficiency of a building life cycle depends on
a number of variables, at micro- and macro-levels. The
efficiency also depends on the influence of many com-
plex macro-level factors (the government policy, legal
and institutional infrastructure, physical infrastructure,
financial sector, environment issues, unemployment, in-
terest rate, inflation, innovations, and exchange rate).
The efficiency level will, therefore, vary depending on
the aggregate effect of these macro-level factors.

The method of multiple criteria multivariant de-
sign [14] is applied for making variants of the single-
family house life cycle. From the standpoint of long-
term prospects, the multivariant design and multiple cri-
teria evaluation of a building life cycle allows the in-
terested parties to make efficient decisions on the
ground of quantitative and qualitative variants analysis.
Methods of multiple criteria analysis (method of com-
plex determination of the significances of the criteria.
method of multiple criteria complex proportional eva-
luation of the projects. method of defining the utility
degree) [14] are applied for complex analysis as well
as evaluation of decisions,

Hence. the life evele efficiency depends to a great
extent not only on the selected processes and solutions.
the interest level of the parties involved in the project.
expressed as the effectiveness of their participation in
the process. but also on the micro- and macro-level
factors. As Fig shows, the object of investigation is
rather complicated; it involves not only a building life

cycle and its stages but also the interested parties and
micro- and macro-environment factors having impact on
the former. For selecting a rational project a new buil-
ding life cycle complex analysis model was developed.
Using this model, the interested parties are able to de-
sign alternative variants of a single-family house life
cycle (various decisions), to evaluate them and deter-
mine the most efficient point: to find an efficient de-
cision for the existing situation. A variety of decisions
allows to evaluate more exactly the life cycle in eco-
nomic, qualitative, legal. technological and other aspects,
to agree the interests of the interested parties.

2.2. Realization of a model for a complex analysis
of a single-family house life cycle

A practical realization of a model for a complex
analysis of life cycle of single-family houses was being
developed step by step as follows:

o A comprehensive quantitative and conceptual desc-
ription of the life cycle of a building, its key sta-
ges, interested parties and environment by a set of
criteria.

¢ Development of a complex database based on qu-
antitative and conceptual description of the buil-
ding life cycle.

e Development of a decision support system of the
building life cycle, which would allow to make a
complex analysis of such process, to perform a
multiple criteria multivariant design and evaluation
thereof.

In order to perform a complete study of the buil-
ding life cycle. a complex evaluation of its economic,
technical, qualitative (ie architectural, aesthetic. com-
fortability). technological. social. legislative, infrastruc-
tural and other aspects is needed. The diversity of as-
pects being assessed should result in the diversity of
ways of presenting data needed for decision-making.
Therefore. the necessary data may be presented in nu-
merical. textual. graphical (schemes. graphs, charts). for-
mula. videotape and other forms.

In order to assess fully the influence of the cons-
tituent parts of a building life cycle affecting the total
efficiency of a project. it is necessary to express them
through systems of criteria. The alternatives of life cycle
of the single-family houses (decisions thereof) are eva-
luated on the basis of the following criteria groups:
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price of a land plot, engineering networks — electric
power, water supply, sewerage, etc — telephone, recre-
ational opportunities, roads and access possibilities.
dwelling territory. neighbours, district prestige. oppor-
tunities of district development, configuration of a land
plot, properties of ground, air pollution, etc. Some com-
plex systems of qualitative and quantitative criteria cha-
racterising the life cycle are discussed in the author’s
research [15]. The suggested criteria system allows to
evaluate how economic, architectural, technical, tech-
nological, comfort and other decisions meet the needs
and opportunities of the clients, designers, contractors,
users and other participants of this process.

Conceptual and quantitative description of the com-
ponent parts of a building life cycle provides the infor-
mation on various aspects of a cycle (ie economical,
technical, technological, infrastructural, qualitative, etc).
The conceptual description presents textual, graphical,
visual information about the projects and the criteria
used for their definition, as well as giving the reason
for the choice of a particular system of criteria, their
values and significances. This part also includes infor-
mation about the possible ways of multivariant design.
The quantitative information is based on the criteria
systems and subsystems, units of measurement, values
and initial significances as well as the data on the al-
ternative project development.

The life cycle of a building, influencing factors
and the interested parties are described in qualitative
and conceptual forms. An analysis of component parts
of the single-family house life cycle (stages, partici-
pants and the environment factors influencing a buil-
ding life cycle). conceptual and quantitative description
of them may be found in [12. 15].

Conceptual and quantitative description of a buil-
ding life cycle and its stages is used as a basis for
developing complex databases containing overall infor-
mation and allowing to carry out its multivariant de-
sign and muhtiple criteria analvsis. Since the efficiency
of any project constituent part depends on a particular
part of its execution only a complen design of a buil-
ding life cycle involving close cooperation of all inte-
rested parties can yield good results.

Altemative life cycle versions include different cost
of a plot and a building, maintenance costs as well as

architectural, aesthetic, comfortability characteristics, in-
frastructure and environment pollution. The interested
parties often have their own preferential rating of these
criteria, giving also different values to qualitative cha-
racteristics. Besides. designing a building life cycle al-
lows the development of plenty of alternative versions
of its particular stages. This causes a lot of problems
in determining the most efficient project. To overcome
these difficulties some complex databases were develo-
ped [15]. They contain a complex description of the
alternative versions available in conceptual and quanti-
tative forms. These data taken together can describe
the object to be considered in detail. The application
of complex databases described allows to better satisfy
the needs of the parties involved as well as helping to
choose an efficient life cycle. The problems solved using
a complex database described may be found in some
publications of the author {12, 13, I5].

Interacting with the databases the user can get more
detailed or integral information on the object conside-
red. Given this opportunity and using the data from
complex databases as well as being provided with a
decision support system, the user can find an efficient
project variant in a comparatively short time. In this
way, a project best satisfying the client’s needs may be
found saving the time for the client and designers.

In order to design a number of alternative life cycle
versions as well as to determine the utility degree of
the alternatives obtained and to set the priorities, met-
hods of multiple criteria multivariant design and mul-
tiple criteria analysis [14, 16] were applied.

It is quite obvious that to develop and analyse
thousands of alternative variants based on dozens of
criteria having each specific values and significances
would be hardly possible without the IT tools. Only
development of decision support systems could help sol-
ve this problem. Therefore. to achieve the above-men-
tioned aims an original decision support system “PGP
1.07, its components (ie database. database management
svstem. modelbase. modelbase management system and
user’s interface) were developed [15]. The system al-
lows to evaluate the single-family houses life cycle in
complex. ie to take into account different stages of a
cycle. interested parties involved in the process and fac-
tors of environment.

448



3. A decision support system of the single-family hou-
ses life cycle

Seeking strategic. economic, technical, social. qu-
alitative and other goals. it is necessary to base on
quantitative and qualitative evaluation criteria describing
objectives and opportunities, alternative decisions of in-
terested parties, and the existing situation of environ-
ment. Seeking to define ground and reach these objec-
tives it is required to apply the methods of multiple
criteria design and analysis. Methods of multiple crite-
ria multivariant design and analysis [14, 16] being ap-
plied in the developed decision support system. assist
to establish in quantitative and qualitative terms an ef-
ficient life cycle of single-family houses (decisions there-
of) as well as to determine the level of projects utility.

The decision support system for solving problems
related to construction activities and the life cycle of a
building can be considered a modern and advanced to-
ol. This tool helps the participants of the building life
cycle to seek successfully their objectives. While ap-
plying the methods of multiple criteria analysis in de-
cision support system it is possible to settle a problem
of optimisation of the intended objectives and sources
required for their implementation.

Using the information gathered in decision support
system database and following the models of model ba-
se, the interested parties (including building owners and
users, architects, engineers, manufacturers of building
materials, contractors, state and its institutions, local go-
vernments, etc) of the process of the single-family hou-
ses life cycle are able to make efficient decisions. The
use of multiple criteria analysis methods in the deci-
sion support system makes conditions for implementing
objectives of interested parties and satisfying their ne-
eds. The solution of sample problems of increasing the
efficiency of a building life cvele or its particular sta-
ges with the use of the multiple criteria decision sup-
port system suggested may be tound in the author’s

rescarch [15].

4. Conclusions and suggestions

1. There is an evaluation model of analysis of

the life cycle of the single-family houses developed.
The analysis showed that the efficiency of a building
life cycle depends on adjustment of stage decisions and

interests of parties involved in the process, implemen-
tation of objectives and environment influencing the
project. Implementation of the developed model of com-
plex analysis would allow the interested parties to me-
et more efficiently their needs and objectives, to eva-
luate in detail all expenses relative to implementation
of the project and the results obtained.

2. Conceptual and quantitative description of the
single-family houses life cycle and different alternati-
ves of its decisions is proposed, which allows to eva-
luate in detail the life cycle of a building. Following
the conceptual and quantitative information, which desc-
ribes the life cycle of a building, the interested parties
(taking into account their priorities and the existing si-
tuation) are able to rationalise the decisions made.

3. The proposed methodology allows to evaluate
the single-family house life cycle as a whole, ie to
take into account different stages of a building life cyc-
le, the interested parties and factors of environment.

4. Methods of multiple criteria multivariant de-
sign and analysis being applied in the developed deci-
sion support system may be useful for establishing in
quantitative and qualitative terms the efficient life cyc-
le of the single-family houses (decisions thereof) as
well as to determine the level of utility of projects.
The application of the methods of multiple criteria ana-
lysis in the decision support system predetermines con-
ditions for implementing objectives of the interested
parties (clients, designers, contractors, user, etc) and
guarantee a satisfaction of their needs.
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VIENBUCIU GYVENAMUJU NAMU GYVAVIMO
PROCESO EFEKTYVUMO ANALIZE

N. Kvederyté

Santrauka

Norint suprojektuoti ir jgyvendinti efektyvy vienbucio
gvvenamojo namo gyvavimo procesa. biitina jo racionalumu
ripintis nuo poreikiy ir tiksly nustatymo iki pastato naudoji-
mo pabaigos. Kiekvienu pastato gyvavimo proceso etapu da-
lyvauja jvairios suintercsuotos grupés: uzsakovai, projektuoto-
jai. rangovai. statybiniy medziagy bei gaminiy gamintojai ir
tick¢jai. naudotojai. pastaty prieziliros ir rcmonto organizaci-
jos ir kt. Projektuojant pastato gyvavimo procesa ir priimant
sprendimus. reikia atsizvelgti | $iy suinteresuoty grupiy inte-
resus. Plétojant kompleksini poziiiri, vienbucio gyvenamojo
namo gyvavimo proceso efektyvumas priklauso nuo Kkity sis-
temos daliy konkre¢iu momentu. Todél vienbuc¢io gyvenamojo
namo gyvavimo procesas turi bati projektuojamas ir jgyven-
dinamas. atsizvelgiant | jo pagrindinius etapus, dalyvaujanciy
suinteresuoty grupiy tikslus ir galimybes, jvertinant iSoring
mikro- ir makrolygmens aplinka, t. y. i visus veiksnius, turin-
¢ius jtakos vienbudio gyvenamojo namo gyvavimo proceso
efektyvumui.

Straipsnyje pateikiamas vienbuéiy gyvenamyjy namy gy-

vavimo proceso efektyvumo kompleksinei analizei sukurtas te-
orinis modelis. kuriame jvairis veiksniai ir aplinkybés apraso-
mi Kriterijy rinkiniu. Remdamosi $iuo modeliu suinteresuotos
grupés, rengiancios ir realizuojantios projekta, gali projektuo-
ti altermatyvius vienbué¢io gyvenamojo namo gyvavimo proce-
so (jvairiy sprendimy) variantus, juos jvertinti ir nustatyti ra-
cionaliausia: esamai situacijai rasti efektywy sprendima. Spren-
dimy variantiskumas padeda realiau ir racionaliau jvertinti pa-
stato gyvavimo procesa ekonominiais, kokybiniais (architekti-
riniais, tiriniais, planiniais, estetiniais). teisiniais, techniniais,
technologiniais ir kitais aspektais, suderinti suinteresuoty gru-
piy interesus. Pagal pateikta modelj sukurta ir sprendimy pa-
ramos sistema. Si sistema pastato gyvavimo proceso daly-
viams padeda sékmingai siekti savo tiksly, didinti pastato gy-
vavimo proceso efektyvuma. Sprendimy paramos sistemoje tai-
komi pastato gyvavimo proceso daugiakriterinio alternatyviojo
projcktavimo ir daugiakriterinio jvertinimo metodai leidzia is-
spresti sickiamy tiksly ir Siems tikslams jgyvendinti reikalin-
gy istekliy optimizacijos uzdavinj: isanalizavus galimus vien-
bucio gvvenamojo namoe gyvavimo procese variantus nustato-
mas racionaliausias Sio proceso dalvviy (suinteresuoty grupiy)
sickiamuy tiksly ir turimy galimybiy derinys.
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