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ANALYSIS OF EFFICIENCY OF SINGLE-FAMILY HOUSE LIFE CYCLE 

N. Kvederyte 

Vilnius Gediminas Technical University 

I. 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 lite 

cyde of a building in many aspects"! 

Many research '' orks h<l\ c been reported for sol

' ing releHtnt problem~ uf a particular stage of a buil

ding lite cydc I ie briet: design. construction. mainte

nance) )1- 3 ). Mo~t ~y~tems. such as QM-XPS H). the 

CABMaS research project de\eloped under the heading 

of ··cooperati\e Research .. [5]. and the tools proposed 

by G. Aouad [6). Y. E. Kalay [7]. G. C"oetzee 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. I 0] 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. [II], 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 efficienc\· of life cvcle . . 
of a single-famiJ~· house 

2.1. De,·elopment of a model for a complex anal~·sis 

of a single-famih· house life C\de . . 
In order to design and reali1e an etlicient life cycle 

of a building. it is ncccssa~ tu take care of the buil

ding efficiency from the inception to the end of sen i

cc liti:. The.• entire process must be planned and execu

ted with considemtion 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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• Analysis of component parts of the building life 

cycle (stages, participants and the factors of envi

ronment influencing the building life cycle). 

• Multivariant design of life cycle of a building. 

• Multple criteria analysis of life cycle of a building. 

• 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 detern1ination of the significances of the criteria. 

method of multiple criteria complex proportional e\'a

luation uf the projects. method uf defining the utility 

degree) 11-'1 arc applied fur cmnplcx :111:1lysis as well 

as e\aluation of decisions. 

lienee. the lite cycle cllicicm:y depends Ill a great 

extent nut only on the selected processes and solutions. 

the inter~:st le\'el of the parti~:s im oh ed in th~: project. 

expressed as the effectiveness of their panicipation 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: 

• 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. 

• 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 architectunll, aesthetic. com

fortability ). technological. social. legislative. infrastruc

tural and other aspects is needed. The diversity of as

pects being assess~:d should result in the di\'ersity of 

ways uf presenting d:11:1 needed lllr decision-making. 

Therefore. the necessary data may be presented in nu

merical. te\tual. graphical (schemes. gr.tphs. chans). lor

mula. \ idcot:lpc and other li.1m1s. 

In order to assess fully the inllu~:nce of the cons

tituent pans of :1 building lite cycle atlecting 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 inti.lr

mation and allowing to carry out it~ multivariant dc

~ign and multiple criteria analysi~. Since the etlieienc) 

of :tn) project constituent pan depend~ on a particular 

pan of ib execution only a comple:\ de~ign of a buil

ding lite cycle involving close cooper.uion of all inte

rested parties can yield good results. 

Alternative 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, 15]. 

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

\e this problem. Therefore. to achieve the above-men

tioned aims an original decision support system ··p(jp 

1.0"'. it~ component~ 1 ic database. databa:.e management 

:.ystem. modelbase. modelbase management :.y:.tem ami 

user's interface) were developed ( 15). The sy:.tem 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. 
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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 multi variant 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 modem 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 lite cycle or its particular sta

ges with the usc of the multiph: criteria decision sup

pun system suggested m:t~ be found in the author"s 

research 1151. 

4. Conclusions and suggestions 

I. There is an e\'aluation 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. 

References 

I. 

... 

. 
·'· 

~. 

P. S. Barrett. J. Hudson. C. Stanley. Good practice in 
briefing: the limits of rationality II Automation in Const
ruction. X ((1). J9Q9. p. 633 64:!. 

A. S. IIanna. W. B. Lotfallah A fuz7y logic approach tu 
~election of crJnc~ · Automation in Construction. X 1 !' 1. 
JlJl)lJ. p. !\97 (>IlK 

\\".-d. Yu. :\1. J. Skibnicw~ki. A ncuru-fun~ cumputatu>
n;~l aprruach h• cunstruability knowll.'\lgc aCljUI,IIIun 1\•r 
cun,tructum tcchnulugy c\·aluation :\utumauun m 
l"un,trucuun. !\ 1 ~ 1. II.JlN. Jl. ~3lJ ~~·'· 

l>. Rcbulj. I. P~undcr. Product model ba~cd ljuaht\ ma
nagement system I The Life-Cycle of ("unstructi~m IT 
lnnu\'ations Technology Transfer from Research to pr.lc
ticc. Proceedings of the CIB Working Commission W7R 
Information Technology in Construction Conference in 
Stockholm June 3-5, 1998. Eds. B.-C. Bjork. A. Jag
beck. Stockholm: Royal Institute of Technology. 1998. 
p. 367-372. 

449 



5. A. Dupagne. P. Mathus. CABMAS (Computer aided buil
ding management system): development of an integrated 
computerised platform for the management of informa
tion flows adapted to small and medium size building 
companies II The Life-Cycle of Construction IT Innova
tions - Technology Transfer from Research to practice. Pro
ceedings of the CIB Working Commission W78 Informa
tion Technology in Construction Conference in Stockholm 
June 3-5. 1998. Eds. B.-C. Bjork. A. Jagbeck. Stockholm: 
Royal Institute of Technology. 1998. p. 179-190. 

6. G. Aouad. Integration: from a modelling dream into an 
implementation reality II International Workshop on Jn
fonnation Support for Building Economics. Proceedings 
of the International Workshop held at the University of 
Salford and Armathwaite Hall. United Kingdom. I "-t1111 

September 1997. Ed. by L. Ruddock CIB Publication 
Number 210. University of Salford. 1997. p. 7--29. 

7. Y. E. Kalay. Performance-based design II Automation in 
Construction. 8 (4). 1999, p. 395--409. 

8. G. Coetzee. N. Boshoff. The use of electronic commerce 
in the materials procurement in SA construction industry 
II The Life-Cycle of Construction IT Innovations - Tech
nology Transfer from Research to practice. Proceedings 
of the CIB Working Commission W78 Information Tech
nology in Construction Conference in Stockholm June 
3-5. 1998. Eds. B.-C. Bjork, A. Jagbeck. Stockholm: 
Royal Institute of Technology, 1998, p. 141-150. 

9. D. Veeramani, H. P. Tserng. J. S. Russell. Computer
integrated collaborative design and operation in the const
ruction industry II Automation in Construction, 7 (6), 
1998. p. 485--492. 

10. C. M. Eastman, A. Siabiris. A generic building product 
model incorporating building type information II Auto
mation in Construction, 3 (4), 1995, p. 189-304. 

II. C. M. Eastman. Life cycle requirements for building pro
duct models II Management of Information Technology 
for Construction. Proceedings of the First International 
Conference on the Management of Information Techno
logy for Construction. Eds. K. Mathur, M. Betts. 
K. Tham. Singapore: World Scientific & Global Publica
tion Services, 1993, p. 369-389. 

12. N. Kvederyte. Vienbuciq gyvenamqjq namq efektyvumas 
derinant jq gyvavimo proceso dalyviq interesus: Daktaro 
disertacija: technologijos mokslai. statybos inzinerija. Vil
nius. 2000. 159 p. 

13. N. Kvederytc. E. K. Zavadskas. A. Kaklauskas. Vienbu
ciq gyvenamqjq namq gyvavimo proceso daugiakriterinc 
analizc ' Statyba !Civil Engineering). VI t.. Nr. 3. Vil
nius: Technika. 20110. p. J7Q JQ2. 

14. N. Kvcderytc. E. K. za,·adskas. A. Kaklauska~. Jlastato 
gy\ a\ imu pruce~u daugiakriterinis alternatyvu~i~ rrujek
ta\Ulla~ Statyba !Civil [ngmeeringl. \'I t .• !'lr. 2. \"il
mu~. Technika. 21HIII. I'· 121\ 142. 

I~ . .-\. Kai..Jau,ka~. Pa~tat'' gy\a\lmu rruce~o daugiakrncri
nll! 'J'rendnnq ~i~tema: Uahihtacinil• darho santrauka. 
technulugiju~ mokslai. statyhl•~ in7inerija. \'ilnius: Tech
nika. IQIN. % I'· 

16. E. K. Zavadskas. L. Simanauskas. A. Kaklauskas. Spren
dimq paramos sistemos statyboje. Vilnius: Technika. IQ9!t 
235 p. 

(teikta 2000 12 06 

VJE~BUCII) GYVE~AMI)Jl) ~AMI) GYVAVIMO 
PROCESO EFEKTYVUMO A~ALIZE 

~. Kvederyte 

Santrauka 

Norint suprojektuoti ir jgyvendinti efektyvq vienbucio 
gyvenamojo namo gyvavimo procesll. biitina jo racionalumu 
riipintis nuo poreikiq ir tikslq nustatymo iki pastato naudoji
mo pabaigos. Kiekvienu pastato gyvavimo proceso etapu da
lyvauja jvairios suinteresuotos grupes: uzsakovai, projektuoto
jai. rangovai. statybiniq medziagq bei gaminiq gamintojai ir 
tiekcjai. naudotojai. pastatq prieziiiros ir rcmonto organizaci
jos ir kt. Projektuojant pastato gyvavimo procesll ir priimant 
sprendimus. reikia atsizvelgti i siq suinteresuotq grupiq inte
resus. Plctojant kompleksini poziiiti. vienbucio gyvenamojo 
namo gyvavimo proceso efektyvumas priklauso nuo kitq sis
temos daliq konkreCiu momentu. Todel vienbucio gyvenamojo 
namo gyvavimo procesas turi biiti projektuojamas ir jgyven
dinamas. atsiivelgiant i jo pagrindinius etapus, dalyvaujanCiq 
suinteresuotq grupiq tikslus ir galimybes. jvertinant isorinc: 
mikro- ir makrolygmens aplinkll. t. y. i visus veiksnius, turin
cius itakos vienbucio gyvenamojo namo gyvavimo proceso 
efektyvumui. 

Straipsnyje pateikiamas vienbuciq gyvenamqjq namq gy
vavimo proceso efektyvumo kompleksinei analizei sukurtas te
orinis modelis. kuriame jvairiis veiksniai ir aplinkybes apraso
mi kriterijq rinkiniu. Remdamosi siuo modeliu suinteresuotos 
grupes, rengiancios ir realizuojanCios projektlb gali projektuo
ti alternatyvius vienbucio gyvenamojo namo gyvavimo proce
so (ivairiq sprendimq) variantus, juos jvertinti ir nustatyti ra
cionaliausill: esamai situacijai rasti efektyvq sprendimll. Spren
dimq variantiskumas padeda realiau ir racionaliau ivertinti pa
stato gyvavimo procesll ekonominiais, kokybiniais (architektii
riniais, tiiriniais, planiniais, estetiniais). teisiniais, techniniais, 
technologiniais ir kitais aspektais, suderinti suinteresuotq gru
piq interesus. Pagal pateiktll modeli sukurta ir sprendimq pa
ramos sistema. Si sistema pastato gyvavimo proceso daly
viams padeda sekmingai siekti savo tikslq, didinti pastato gy
vavimo proceso efektyvumll. Sprendimq paramos sistemoje tai
komi pastato gyvavimo proceso daugiakriterinio alternatyviojo 
projektavimo ir daugiakriterinio ivertinimo metodai leidzia is
sprc;sti sickiamq tikslq ir siems tikslams igyvendinti reikalin
gq istekJiq Optillli7.acijos uzdavinj; isanaJi7.a\11S gaJimUS Vien
hui:iu gyvenam,~jo namu gyvavimo rroceso \·ariantus nustato
ma~ ral."iunaJiausias sill J'rOI."eso daJyviq (SUinteresuotq grupiql 
s1ekiam1! tiksll! ir turimq galimyhiq deriny~. 
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