
Jolanta

THE MULTI-ATTRIBUTE ASSESSMENT 
OF MANAGEMENT DECISIONS AT THE STAGE 

OF CONSTRUCTION PLANNING

Summary of Doctoral Dissertation
Technological Sciences, Civil Engineering (02T)

1626-M

Vilnius 2009



VILNIUS GEDIMINAS TECHNICAL UNIVERSITY

THE MULTI-ATTRIBUTE ASSESSMENT
OF MANAGEMENT DECISIONS 
AT THE STAGE OF CONSTRUCTION 
PLANNING

SUMMARY OF DOCTORAL DISSERTATION

TECHNOLOGICAL SCIENCES, 
CIVIL ENGINEERING (02T)

Vilnius    2009



Doctoral dissertation was prepared at Vilnius Gediminas Technical University 
in 2004–2009.

Scientific Supervisor
Prof Dr Habil Edmundas Kazimieras ZAVADSKAS (Vilnius 
Gediminas Technical University, Technological Sciences, Civil 
Engineering – 02T).

The dissertation is being defended at the Council of Scientific Field of Civil
Engineering at Vilnius Gediminas Technical University:
Chairman

Prof Dr Povilas  (Vilnius Gediminas Technical University, 
Technological Sciences, Civil Engineering – 02T).

Members:
Assoc Prof Dr Rasa APANAVI IEN (Kaunas University of
Technology, Technological Sciences, Civil Engineering – 02T),
Prof Dr Habil Henrikas PRANEVI  (Kaunas University of
Technology, Technological Sciences, Informatics Engineering – 07T),
Prof Dr Habil Henrikas  (Vilnius Gediminas Technical 
University, Technological Sciences, Civil Engineering – 02T),
Assoc Prof Dr  (Vilnius Gediminas Technical 
University, Technological Sciences, Civil Engineering – 02T).

Opponents:
Prof Dr DZEMYDIEN  (Mykolas Romeris University, 
Technological Sciences, Informatics Engineering – 07T),
Dr Jonas (Vilnius Gediminas Technical University, 
Technological Sciences, Civil Engineering – 02T).

The dissertation will be defended at the public meeting of the Council of 
Scientific Field of Civil Engineering in the Senate Hall of Vilnius Gediminas 
Technical University at 10 a. m. on 19 June 2009.
Address: Sa l. 11, LT-10223 Vilnius, Lithuania.
Tel.: +370 5 274 4952, +370 5 274 4956; fax +370 5 270 0112;
e-mail: doktor@adm.vgtu.lt
The summary of the doctoral dissertation was distributed on 18 May 2009.
A copy of the doctoral dissertation is available for review at the Library of 

l. 14, LT-10223 Vilnius, 
Lithuania).

© , 2009

mailto:doktor@adm.vgtu.lt


VILNIAUS GEDIMINO TECHNIKOS UNIVERSITETAS

Jolanta

DAUGIATIKSLIS VALDYMO 
VERTINIMAS 

STATYBOS PLANAVIMO ETAPE

DAKTARO DISERTACIJOS SANTRAUKA

TECHNOLOGIJOS MOKSLAI, 

Vilnius    2009



Disertacija rengta 2004–2009 metais Vilniaus Gedimino technikos universitete.

Mokslinis vadovas
prof. habil. dr. Edmundas Kazimieras ZAVADSKAS (Vilniaus 
Gedimino technikos universitetas, technologijos mokslai, statybos

– 02T).

Disertacija ginama Vilniaus Gedimino technikos universiteto Statybos

Pirmininkas
prof. dr. (Vilniaus Gedimino technikos 
universitetas, technologijos mokslai, statybos – 02T).

Nariai:
doc. dr. Rasa (Kauno technologijos universitetas, 
technologijos mokslai, technologijos mokslai, – 02T),
prof. habil. dr. (Kauno technologijos
universitetas, technologijos mokslai, – 07T),
prof. habil. dr. (Vilniaus Gedimino technikos 

– 02T),
doc. dr. A  (Vilniaus Gedimino technikos universitetas, 

– 02T).
Oponentai:

 (Mykolo Romerio universitetas, 
technologijos mokslai, – 07T),
dr. (Vilniaus Gedimino technikos universitetas, 

– 02T).

Statybos
9 m. 19 d. 10 val. Vilniaus Gedimino technikos 

universiteto sena .
ekio al. 11, LT-10223 Vilnius, Lietuva.

Tel.: (8 5) 274 4952, (8 5) 274 4956; faksas (8 5) 270 0112;
el. p  doktor@adm.vgtu.lt

9 m. 18 d.
lniaus Gedimino technikos universiteto 

LT-10223 Vilnius, Lietuva).
VGTU leidyklos „Technika“ 1626-M .

© Jolanta , 2009

mailto:doktor@adm.vgtu.lt


5

General characteristic of the dissertation

Topicality of the problem
In the last decade construction was one of the most important industrial 
branches. The quality of building highly depends on rational selection of a 
construction process, planning and management. Today, the creation of 
mathematical models for management decisions, in order to get the best 
economic rates becomes the background of rational construction. Modeling is 
especially important, because every construction is unique due to its processes 
and different conditions. Such models are especially necessary for engineers, 
planners, organizers and different managers, especially for those, who have 
never met similar situations. The paper is meant for theoretical modeling of 
construction processes and their application in the assessment of construction
management decisions at the stage of construction planning. The basis and 
models that are analyzed in the dissertation can easily be applied in other 
building’s lifetime stages. Only successful cooperation between building 
existence process interest groups can ensure smooth construction planning 
process and projects management. Otherwise, construction management process 
is not smooth; there are many unnecessary, construction process disturbing 
arguments, work is procrastinated. Such management process may cause 
inefficient decision taking, defects, as well as huge financial and moral damage.
Interest groups’ concerns about management, technical or other decision taking 
at the planning stage are not clearly defined, and the information is not 
completely detailed and is at some different intervals. 

Aim and tasks of the work
To prepare rational, based on multi-attribute assessment methods with index 
meanings, determined by interval, management decisions taking model that can 
be used at the stage of construction planning. 
According to the interval system theory, to create a new multi-attribute 
assessment method COPRAS-G, that is applied to solve the tasks with index 
meanings, defined by intervals. 
The aim of the work to be reached, the following tasks need to be solved:

1. To analyze, survey and create tasks models for the most important 
construction process management tasks that are solved at the stage of 
planning. 

2. To distinguish the possibilities of the interval system theory and apply 
index meanings determined by the interval for multi-attribute 
assessment methods TOPSIS and COPRAS.
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3. To create a new multi-attribute assessment method COPRAS-G with 
index meanings, determined by interval. 

4. To check the efficiency of the methods in management solutions 
making process at the stage of the process planning using traditional 
multi-attribute assessment methods TOPSIS, COPRAS, created 
COPRAS-G and new TOPSIS “grey” with index meanings, 
determined by interval, and Game Theory rules. 

Scientific novelty
Preparing the dissertation the following results that are new to the science 

of construction engineering were gained:
1. Research shows, that the topic of construction process has not been 

deeply surveyed in scientific literature.
2. There are given management solutions so that to assess the 

indetermination of the information using interval system theory.
3. In the dissertation there have been used traditional models for taking

management decisions: TOPSIS, COPRAS multi-attribute 
assessment methods and the Game Theory. It was recommended to 
solve construction process management tasks using a new TOPSIS 
“grey” method and created multi-attribute assessment COPRAS-G 
method, the indeterminacy of index meanings expressing with 
intervals. 

Methodology of the research
Carrying out the research there were used interval system methods theory, 
multi-attribute assessment methods, the Game Theory, synthesis, comparison of 
results, modeling and expert assessment.

Practical value
The task models of construction process management can be used at the 
decision making stage in the construction process. Traditional multi-attribute 
assessment methods TOPSIS, COPRAS, created COPRAS-G and new TOPSIS 
„grey“ methods can be used in different construction planning and other 
processes at the stage of construction planning. The Game Theory can be 
applied to strategic tasks.

Defended propositions
1. Multi-attribute management decisions assessment at the stage of 

construction planning.
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2. Using traditional multi-attribute assessment methods TOPSIS, 
COPRAS, created COPRAS-G and new TOPSIS „grey“ methods 
decision taking while solving tasks with values determined by the 
intervals at the stage of construction planning.

The scope of the scientific work
The volume of the research is 164 pages including appendixes. In the text 

there are used 59 numerated formulas, 50 pictures and 30 tables. Writing
dissertation there were used 241 sources of literature. The dissertation is 
composed of the introduction, five chapters and the summary of results. 

In the introductory chapter there are discussed the actuality of the problem, 
the aim and tasks formulated, novelty described, the author’s reports presented 
and the structure of the dissertation.

The first chapter gives the survey of the literature and have been of the 
construction management problems that are being solved. 

The second chapter gives traditional, new and created multi-attribute 
assessment methods derivation algorithms and mathematical description.

The third, fourth and fifth chapters present the solution of management 
tasks at the stage of construction planning. Third chapter analyzes construction 
objects risk evaluation; the fourth – the choice of a construction contractor and 
projects’ manager, as well as contractor’s risk assessment; the fifth chapter 
gives of the assessment of planned technical and construction building 
solutions. 

1. Management decision at the stage of construction planning  

Building construction as a system is described as adjusted complex of 
elements, having particular to processes characteristics which are not inherent 
to single elements. The systems can by called dynamic because they consist of a 
variety of different system. Dynamic systems capable of expedient working self 
regulated. The system of construction consists of the building and process 
management:

1. Building  is the product of construction process, having its particular 
characteristics;

2. Process management – particular works in order to achieve the result –
the erected building.

The general task in project management is showed in Fig. 1.
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Fig. 1. Resulting process

Planning is a continuous process performed in order to find the best 
sequence of activities, the best measures and means suitable to solve problems 
of construction processes. The means for achievement the result are determined 
by planning. This process involves the whole construction of the building –
from initiation to maintenance. Its aim is to provide the sequence of the main 
activities and works complex, to schedule, to count the demand of essential 
resources as well as to forecast general value of the building. The tasks solved 
in the planning process, distinguished in literature, are shown in Fig. 2.

Planning in construction process provides such advantages:
• Minimizes the risk;
• Forms the clear understanding of the tasks;
• Establishes standards of processes performance;
• Composes the sequence of works;
• Provides the relevant procedures of control;
• Provides the minimum time and least attempt to the best results.
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Fig. 2. The main tasks of building construction planning

2. Traditional and proposed multi-attribute decision methods 

Multi-attribute analysis is a useful tool in many economic, managerial, and 
constructional problems. The accuracy of performance measures in COPRAS 
(The multiple criteria COmplex PRoportional ASsessment of alternatives) 
method is usually assumed to be accurate. 
This method assumes direct and proportional dependence precise on the weight 
and utility degree of investigated versions on a system of attributes adequately 
describing the alternatives and on value and weight of the attributes. However, 
there is usually some uncertainty involved in all multi-attribute model inputs. 
The objective of this research is to demonstrate how simulation can be used to 
reflect fuzzy inputs, which allows more complete interpretation of the model 
results. 

In 1982, Deng developed the Grey system theory. In 1988, Deng 
presented grey decision-making systems. 
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Fig. 3. Ranking of alternatives by applying Multi-attribute decison method

According to Deng, the Grey relational analysis has some advantages: it 
involves simple calculations and requires a smaller number of samples; a 
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typical distribution of samples is not needed; the quantified outcomes from the 
Grey relational grade do not result in contradictory conclusions to qualitative 
analysis; the Grey relational grade model is a transfer functional model that is 
effective in dealing with discrete data. In 2008 E. K. Zavadskas with co-authors
developed the COPRAS-G method.

TOPSIS is a multi-attribute method to identify solutions from a finite set 
of alternatives based upon simultaneous minimization of distance from an ideal 
point and maximization of distance from a negative ideal point. TOPSIS can 
incorporate relative weights of attributes. The TOPSIS method was developed 
by Hwang and Yoon (1981). The only subjective input needed is weights. Lin et 
al. (2008) applied TOPSIS grey method with attribute values determined at 
intervals. 

The model of problem solution is presented in Fig. 3. The problem has 
been assessed by this model. In this case, the results have been gained by the 
average, Copeland and Borda methods.

3. The main problems assessed in the dissertation

The risk factor in construction business is very high. Construction objects 
are unique and built only once. The life cycle of construction objects is full of 
various risks. The risks come from many aspects: temporary project team
composed from different companies, places. Moreover, the size and complexity 
of construction objects are increasing which increases the risks. This is in 
addition to the political, economic, social conditions where the object is to be 
undertaken. Object risk can be defined as an uncertain event or condition that, if 
it occurs, has a positive or negative effect on at least one project objective, such 
as time, cost and quality. The risks have been shown to cause cost and time 
overruns in construction projects. Risk management is about defining sources of 
uncertainty (risk identification), estimating the consequences of uncertain 
events/conditions (risk analysis), generating response strategies in the light of 
expected outcomes and finally, based on the feedback received on actual 
outcomes and risks emerged, carrying out identification, analysis and response 
generation steps repetitively throughout the life cycle of a object to ensure that 
the project objectives are met. In the future the multi-attribute modeling of 
multi-alternative assessment problems with some attribute values, must be 
expressed in intervals. The research results show the different risks level in 
construction objects. The results of problem solution showed, that in 
construction process of construction objects, object risk is more important than 
internal and external risk.
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In competitive and risky environment selection contractors of must be 
performed according to multiple attributes. The application of the model offered 
in this paper may reduce the risk involved in the selection of a contractor and 
can lead to the elimination of unqualified contractors during the bidding 
process. The selection of contractor can be in different risk level. Hodges-
Lehman rule allows stakeholders to select contractor taking into account 
different risk level. 

There are a number of attribute and associated sub-criteria influencing the 
selection of managers to construction projects. Attribute and sub-attribute were 
identified based on a thorough review of the related literature and interviews of 
management personnel involved in the selection of project managers. Project 
managers’ characteristics are considered to be less important for effective 
project management. The model is based on multi-criteria evaluation of project 
managers. The evaluation embraces the identified attribute influencing the 
process of construction project manager selection. In this model, the parameters 
of the alternatives are determined by the grey relation grade and expressed in 
intervals. A case study presents the selection of construction project manager. 
The results obtained show that this method may be used as an effective decision 
aid in multi-attribute selection. 

In the future the decision-making in practice and other planning decisions 
in construction might be assessed by expressing the attribute values at intervals.

4. General conclusions

1. During scientific research there was settled that the most important stage 
from all stages of construction decision making is the planning of construction 
processes. The aim should be achieved by making the decision systems of task 
models. It has been established, that construction task models assess the 
alternatives in macro-, mezzo- and microenvironment. The sum of the results of 
effective decisions is the constructed building. The decisions made in 
construction planning stage during the time give the results. There were chosen 
the traditional methods TOPSIS and COPRAS to tackle the management tasks. 
The systems of attributes were designed for these tasks.

2. The research indicates that there are made various decisions in the 
processes of construction, management and others and its background is the 
information. Depending on the construction stage, it is necessary a different 
amount of information is necessary for decision making. Many decisions are 
made with not comprehensive data in the stage of construction planning. The 
values of the attribute in this construction stage are determined in a certain 
interval. In real life multi-attribute modelling of multi-alternative assessment 
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problems some attribute values, which deals with the future, must be expressed 
in intervals. For this reason new method of multi-attribute COmplex 
PRoportional ASsessment method with values determined in intervals –
COPRAS-G is developed. This approach is intended to support the decision 
making process and increase the efficiency of the resolution process.

3. After survey there were concluded that for management problems and 
for planning of construction processes could be applied the system theory at
intervals. Regarding this research multi-attribute method COPRAS-G was 
created together with co-authors authors. 

4. It has been estimated, that the risk of construction processes are twice as 
important as the outside one and 1.7 times as important as the inside risk. The 
group of risk indicators of the processes by significance might be ranked the 
following: price, quality and time. The main decision in construction planning 
stage is the selection of contractor and sub-contractor. There was created the 
technique of contractors’ risk assessment, used to estimate and evaluate the 
risky contractors’ decisions. The results gained from multi-attribute methods 
COPRAS-G and TOPSIS “grey” were 5-17 % different, than the one gained 
using the traditional TOPSIS and COPRAS methods.

5. Contractor selection task can be applied to select alternatives in 
construction under risky environment. The research has concluded that the 
COPRAS-G method is appropriate to use. The chapter 4 illustrates the selection 
of contractors and project manager and the problems solved using the multi-
attribute methods. The results of applying COPRAS-G method for the problem 
of contractor and project manager selection were in 2-21 % different the from 
one gained using the traditional COPRAS methods.

6. There was created a model for the selection of external walls 
construction. In applying this model of construction selection the contracting 
authority is able to assess technical characteristics of the building, in this case –
external walls constructions. A case study of an assessment of external walls 
consisting of four alternatives was used to demonstrate the applicability and the 
effectiveness of the proposed approach. The results of the calculations with 
COPRAS-G method indicate that the best external walls are made from silicate 
brick masonry with masonry outer finishing layer. The results show that this 
COPRAS-G method can be implemented as an effective decision aid in multi-
attribute selection.
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DAUGIATIKSLIS VALDYM AS 
STATYBOS PLANAVIMO ETAPE

Mokslo problemos aktualumas

– statyba. 
Racionalus statybos proceso parinkimas, planavimas ir valdymas lemia tai, koks 

statybos pagrindu. Mod

omis situacijomis. Darbas 

valdymo sprendimams vertinti statybos planavimo etape. Disertacijoje 

pastato gyvav

valdymo procesas yra nesklandus, kyla daug nereikal

nius ar kito 

Darbo tikslas

-

1.

etape.



17

2.

TOPSIS ir COPRAS.

3. -

4. Remiantis tradiciniais daugiatikslio vertinimo metodais TOPSIS, 
COPRAS, sukurtu COPRAS-

Mokslinis naujumas

slui nauji rezultatai:
1. 

.

2. 

intervalu.

3. 
vertinimo TOPSIS „grey“ ir sukurtu daugiatikslio vertinimo COPRAS-G 

teorija.

Atliekant tyrimus disertacijoje taikoma interva

modeliavimas ir ekspertinis vertinimas.

avimo etape. Tradiciniai daugiatikslio vertinimo 
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metodai TOPSIS, COPRAS, sukurtas COPRAS-G ir naujas TOPSIS „grey“ gali 

planavimo etape. a.

Ginamieji teiginiai

1.
etape.

2. Tradiciniais daugiatikslio vertinimo metodais TOPSIS, COPRAS, 
sukurtu COPRAS-

intervalu statybos planavimo etape. 

Darbo apimtis

Darbo apimtis – 164 puslapiai, skaitant priedus. Tekste panaudotos 59
 lentel

s.
D

TOPSIS ir COPRAS, naujo TOPSIS „grey“ bei sukurto COPRAS-G 
 bei matematiniai 

Tre  statyb
– statybos rangovo, 

parinkimas ; penktajame –

Bendrosios i

1. 
–

istemas. Nustatyta, kad 
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, vertinantys alternatyvas makro-
, mezo- uma – pastatytas 
pastatas. Statybos planavimo etape numatomi spren

tradiciniai daugiatikslio vertinimo me
istemos.

2. Atlikti moksliniai tyrimai rodo, kad statybos, valdymo ir kituose su 
statyba susijusiuose procesuose priimami sprendimai, ku –
informacija. Nustatyta, kad priklausomai nuo statybos etapo, sprendimams 
reikalingas skirtingas informacijos kiekis. Nustatyta, kad statybos planavimo 

proceso et

3. 
pla tyrimais

-G.
4. rtus 

ri

vertinimo metodais COPRAS-G ir TOPSIS „grey“ gauti rizikos vertinimo 
rezultatai skiriasi 5–17 proc. nei vertinant tradiciniais daugiatikslio vertinimo 
TOPSIS ir COPRAS metodais. 

5. Daugiatikslio vertinimo metodai COPRAS ir COPRAS-
imo etape 

svarbiausias sprendimas – rangovo ar subrangovo parinki
COPRAS- vadovo parinkimo 

rezultatai skiriasi 2–21 proc. nuo ska
tradiciniu daugiatikslio vertinimo metodu COPRAS.

6. 
konstrukcijoms parinkti. Taikydamas pastato k ,

COPRAS-

yra geriausios .
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