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Additionally, Reddy and Kumar [53] optimized this system based on the multi-objective GA
(MOGA) and multi-objective PSO (MOPSO) algorithms. These multi-objective algorithms can be
considered substitution strategies instead of weighting methods, and the structure and preparation
of such algorithms are complex. The results indicated that the NHA has a better performance than
the MOGA and the MOPSO algorithm; therefore, the volumetric reliability index for the NHA is
greater than that for the MOGA and the MOPSO algorithms. For example, the Pareto fronts are
shown in Figure 10. The marginal rate of substitution strategy [54] is used to select the best solution.
The marginal rate of substitution can be calculated based on sacrificing certain terms of the objective
function to improve the value of the other terms of the objective function. When one solution has
the maximum value of marginal rate of substitution, it is the most suitable solution; in other words,
the best solution has the highest slope for two objective functions in the Pareto front. When the MOGA
and the MOPSO algorithm are used, a large number of solutions can be observed; thus, the problem
must be simplified. Therefore, a simple clustering strategy is used to filter 200 solutions to 20 solutions.
First, there are N clusters, and the cluster ranges are calculated for all pairs of clusters; then, each two
clusters with the minimum range are combined to generate the large cluster. Finally, the solutions
with the minimum average distance from other solutions in the cluster are considered as alternative
solutions for clustering (Figure 10). The determined point blue is the optimal solution.
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Figure 10. Pareto front for the algorithms. MOGA—multi-objective GA; MOPSO—multi-objective PSO.

The vulnerability index for the NHA was 12%, which was the lowest percentage among the
analyzed methods. The maximum intensity of the failure probability occurred with the NHA and
was less than that of other evolutionary algorithms. The greatest value of the vulnerability index was
related to the GA. Additionally, the NHA had a better performance than the MOGA and the MOPSO
algorithms based on the lower value of the vulnerability index.

Finally, the resiliency index of the NHA was 45%, which was the highest percentage among the
analysed methods; therefore, the multi-purpose system can escape more quickly from critical periods,
such as drought periods.

Figure 11 shows that the NHA has the smallest average annual deficit among the evaluated
methods. The average annual deficit for the NHA is 10%, 12%, 15%, 17%, and 18% less than that
for the SA, BA, WA, PSO algorithm, and GA, respectively. The historical water demand required
for various uses was recorded during an earlier time period, whereas the released water decision
pattern was calculated based on the achieved optimal operation rules from each algorithm based on
objective functions. Finally, a comparative analysis was carried out to identify the gap between the
water demand for the irrigation requirement and power production and the allocated water release.
The released water as a decision variable was calculated, and then the power generation was calculated

340



Sustainability 2019, 11, 1953

based on released water; the resulting power produced was 106 kWh, which was then compared with
the actual power required for downstream demands.

Figure 11. Average annual deficits for different algorithms.

5.5. Computational Power Production

The downstream demand for power is 18.90 (106 kwh), and the average amount of produced
power based on the NHA is 18.08 (106 kwh), while it is 17.99, 17.32, 16.96, 16.32, and 15.34 (106 kwh)
for the SA, BA, WA, PSO algorithm, and GA, respectively (see Figure 6b). Thus, the NHA can produce
more power to supply the demand (Table 10). Additionally, the correlation coefficient for the NHA
is greater than that for other algorithms, and the root mean square error (RMSE) and mean absolute
error (MAE) have the smallest values in the NHA among the evaluated algorithms based on the
difference between demand and power production. Additionally, the NHA has a better performance
than the MOGA and the MOPSO algorithms based on the lower values for the error indexes and
higher correlation values.

Thus, the NHA can supply the irrigation demand first; then, the power production can be used
after the irrigation supply. Additionally, although the release of more water may generate more power,
a considerable deficiency in irrigation would result. Thus, more weight is assigned to the irrigation
objective function to ensure that the demand for irrigation is met; ensuring the necessary power
production is an additional concern for policymakers.

Table 10. Evaluation of different algorithms for irrigation demands based on different indexes.

Index Equation NHA SA BA WA PSO GA
MOGA

(Reddy, 2006)
MOPSO

(Reddy, 2006)

Correlation Coefficient r =

T
∑

t=1
(Pdt−Pdt).(Pst−Pst)√

T
∑

t=1
(Pdt−Pobt)

2
.

T
∑

t=1
(Pst−Pst)

93% 90% 87% 75% 69% 65% 73% 75%

Root Mean Square Error
(RMSE)

(106 kwh) RMSE =

√
T
∑

t=1
(Pobt−Pst)

2

T
3.1 4.9 4.2 3.8 4.2 3.7 3.5 3.8

Mean Absolute Error
(MAE)

(106 kwh) MAE =

T
∑

t=1
|Pobt−Pst |

T
3.2 4.1 3.8 3.6 3.4 3.5 3.3 3.4

Pdt: power demand; Pdt: average power demand; and Pst: simulated produced power by algorithms.

6. Conclusions

The current research is dedicated to the implementation of a new hybrid intelligence model based
on integrating two meta-heuristic algorithms for optimizing the operation of a multi-purpose reservoir
water system. The optimization problem is solved to satisfy irrigation demands and hydropower
production for one case study in India. The capability of the BA is improved by hybridization with the
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PSO algorithm based on local and global search strategies and the substitution of weaker solutions in
each algorithm with the best solutions of the other algorithms. The main idea behind the procedure of
the proposed NHA is to avoid the possible worst solutions using the BA and the resulting decline in
local optima; in addition, the NHA enhanced the convergence rate using the PSO algorithm.

After applying the proposed NHA for a multi-purpose reservoir water system, namely the Bhadra
Dam in India, it could be concluded that the NHA could provide a satisfactory improvement to
decreasing irrigation deficiencies. In quantitative terms, the average irrigation demand was 142.14
(106 m3), and the NHA can release 141.25 (106 m3), which represents a much higher level of accuracy
over comparable models. The average demand for power production is 18.08 (106 kwh), and the
produced power using the NHA is 17.99 (106 kwh), which represents the capability of the NHA for
applied applications.

It can be concluded that the proposed NHA as an intelligent model could contribute to providing
reliable solutions for complex multi-purpose reservoir systems to optimize the operation rule for
similar reservoir systems worldwide. In addition, the NHA could be integrated with other forecasting
models for additional reservoir hydrological variables to optimize its operation under different climate
change scenarios in future periods. Furthermore, the NHA could be used for multi-purpose reservoir
systems and other multi-purpose engineering optimization applications.

Although the proposed NHA showed superior performance over the other optimization
algorithms, it still experienced a challenge during initialization because several random parameters
must be initialized. This step may prolong the computational time for convergence. In addition to
the need to initialize the random parameters for the BA and PSO algorithms within the definition of
the NHA communication, a simultaneous procedure must also be adopted to update these random
parameters within the simulation model of the reservoir, and such requirements should be considered
when applying the NHA to other case studies.
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Abstract: The article briefly discusses the content and terms of construction project management.
It identifies the main problems of construction management and discusses ways to solve those using
multi-criteria methods. Well-performed management is one of the critical factors which leads to the
success of any significant sustainable project. Construction project management consists of setting
goals and defining user requirements, project constraints, and resources needed. This paper aims to
create a practically useful model. The paper presents a comprehensive set of criteria, which led to the
creation of a decision-making model for construction management, which was applied to a Turkish
case study. The Analytic Hierarchy Process (AHP) method and the Expert Choice computer program
were used for calculations.

Keywords: project; construction; contractor; multiple-criteria decision-making; AHP; sustainable
solution; choice; expert

1. Introduction

Two-thirds of the world’s people believe that global warming is the most critical environmental
problem in the world. Increasing the impact of construction information has a positive impact on
stakeholders’ interests and encourages sustainable construction [1]. Given the balanced implementation
of ecological, economic, and social needs in the implementation of projects, there is a need to integrate
the principle of sustainability into project management practices and the academic community. Creation
and management of a healthy artificial environment based on ecological resources and design efficiency
is the goal of contemporary construction. Modern construction emphasizes the need to integrate
stability into project planning, management, evaluation, and decision-making to improve project
quality and value. Planning and the successful implementation of the project directly affect the goals
of constant construction. Therefore, continuous project planning reflects project planning methods
for economic, social, and environmental sustainability. Systematic approaches, the views of all
stakeholders, knowledge, and expertise in implementing a sustainable development project and their
ability to apply them properly are critical factors for the success of sustainable construction. Project
planning is a well-known theoretical concept in the literature on project management. However,
we know little about how much effort is needed to invest in the project planning phase to ensure
efficient and systematic project management and to evaluate the planning of the current project.
According to existing research, management of permanent projects involves both internal and external
perspectives. The essential aspects related to project management are the project life cycle requirements.

Sustainability 2019, 11, 2239; doi:10.3390/su11082239 www.mdpi.com/journal/sustainability346
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The control of external perspectives deals with the life cycle of the product and focuses on planning,
implementation, and further support management and processes. The construction project solves
stability problems based on ecological, economic, and economic reasons and the life cycle of the
project’s resources.

There are seven key principles of a building’s life cycle in sustainable construction: less resources
used, resource reuse, use of recyclable resources, reduction or elimination of negative impacts on the
environment, non-use of toxic materials, reduction in the costs of the building’s life, and the project’s
life cycle quality.

Sustainable design is a design philosophy that aims to maximize the artificial environment by
reducing or eliminating negative environmental impacts. Building green buildings means improving
the efficiency of buildings to use energy, water, and materials efficiently and minimize the negative
effects on human health. It means that project managers will be responsible for managing more
complex budgets and projects. A green building is carefully designed, built, operated, and reused, or
removed from the artificial environment, in an environmentally friendly, energy-efficient, and stable
manner. The best location, design, construction, operation, service, and removal (part of the building’s
life cycle) are the means to achieve this.

The building construction sector is a complex industry. It has a long-lasting impact on the
economy, the environment, and society, and requires much investment. Construction management and
technology are two critical factors influencing the construction industry. Poor execution of construction
projects, taking into account costs and planning, is one of common problems. Over the past three
decades, designers and architects have applied dozens of efficient and effective advanced building
technologies and engineering innovations to construction projects.

Nevertheless, the overall efficiency of the sector is quite low [2]. Prior practice has shown
that digital technology allows flexible and efficient planning, management, and implementation of
construction projects [3]. Successful implementation and results of new techniques and technologies
depend on the active participation of project management specialists interested in implementing them,
the information available to the population concerned about the project, and effective management
of the project. Effective project management aims to achieve project goals by applying knowledge,
skills, and estimation tools, overall organization, planning and control techniques in such way that
the results meet the requirements of acceptable quality, risk, security, and safety levels, and ensures
timely implementation of the project with the efficient use of funds [4]. Therefore, sustainability is an
essential part of project management.

Sarma [5] described the three main groups of effective management process (Figure 1). Confucius
said [6]: “In all things, success depends on previous preparation, and without such previous preparation
there is sure to be the failure.” The project character changes in each life cycle phase (Project Origination
→ Project Initiation → Project Planning → Project Execution and Control → Project Closeout →
Post-Project Evaluation). In each stage of the project life cycle, new intermediate products are created,
with the critical outcome of one phase forming an essential input to the next step. Each project’s control
system should include costs, planning and scheduling activities, and a change management control.
Construction projects of different types of buildings impact the project life cycle and management
options. Figure 2 shows a pyramid (hierarchy) of different available approaches, which are applied to
select the proper project option.
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Figure 1. Main groups of professional management processes.

Figure 2. A pyramid of decision approaches [7].

The aim of the article is to identify the main problems in construction management; to develop a
model (framework) for decision-making; to present a case study analysis; and to make conclusions.

2. Problems of Construction Management

A successful construction organization does not consider itself to be a producer of goods or
services but is looking for ways to buy a customer who wants to do business with it [8,9]. Dickson [10]
identified selection criteria, which profoundly influenced later research in this area. The dynamics of
the contractor selection studies built on innovation that moved toward the achievements of different
fields of sciences. The different motivations of the persons involved were separated into task-related
and non-task-related goals [11].

The idea of sustainability was born in the 18th century and applied to forest management issues
(von Carlowitz, 1713, in Reference [12]). Options’ evaluation and selection of the best contractor
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are critical issues to reduce financial costs and improve competitiveness in the temporary market.
Moreover, environmental requirements and evaluating the potential contractors by incorporating green
factors into the selection process are additional concerns. Yazdani et al. [13] presented an approach
addressed to the inter-relationships between the customer requirements with the Decision Making
Trial and Evaluation Laboratory (DEMATEL) method, while constructing a relationship structure.
Finally, the Technique for Order Preference by Similarity to an Ideal Solution (COPRAS) was applied
to prioritize and rank the alternatives. Kamali et al. [14] stressed the importance of choosing the
right contractor approach between different options. Therefore, it is necessary to evaluate potential
contractors according to many criteria, including aspects related to the different stages of the life cycle
of a building. The most critical step is to identify and select the right set of criteria and their weightings.
Besides, the results have shown that a focus on the social aspect of sustainability is increasing compared
to environmental aspects.

In the last thirty years, maintainable progress has extensively expanded its acknowledgement
between policy- and decision-makers. Nowadays, this notion objects to delivering a better setting,
a more advanced society, and a settled economy in both developed and developing countries.
Consequently, in order to reach a sustainable society, you essentially comprehend the basic gauges
and espouse suitable sustainable policies in dissimilar parts of society and its subdivisions. As a
vibrant element, the construction industry plays a critical role in sustainable growth, which appeals to
decision-makers to discover sustainable solutions globally for such an active sector.

Heravi et al. [15] established a two-stage context to ponder uncertainty together with numerous
fondness orders and peril attitudes of decision-makers via efficacy functions. The primary step
takes advantage of the incorporation of the efficacy function, ELECTRE I (the elimination and choice
translating reality), and Grey theory to rank the practicable substitutes. The next step utilizes the
ordered weighted averaging (OWA) hand to aggregate the predilections of environmental, public, and
economic measurements as three decision-makers, to determine the concluding ranking.

Rashid et al. [16] showed a tentative and analytical inquiry to advance a sustainably castoff
concrete by combining ceramic waste as coarse aggregate. Ecological influences were also well thought
out regarding the CO2 footprint and the consumption of raw materials by concrete. They used the
analytical hierarchy process (AHP) and Method for Order Preference by Resemblance to the Ideal
Solution (TOPSIS).

Infrastructure is the main driver that can accelerate the equilibrium among the financial, public, and
ecological features forming the triple bottom line. Diaz-Sarachaga et al. [17] regarded a methodology
for the advance of a sustainable infrastructure rating system (SIRSDEC) targeted at encouraging the
design, construction, and processing of sustainable infrastructure ventures in these geographical
areas. The SIRSDEC was designed into an ordered decision-making tree involving three stages
of essentials (requirements, criteria, and indicators) selected to measure infrastructure systems
rendering to sustainability principles. The methodology of the SIRSDEC integrates the act of Multiple
Criteria Decision Making (MCDM) methods such as the AHP to weight the essentials forming the
decision-making tree and the integrated value model for sustainable assessment (MIVES) to value
infrastructure projects according to their involvement at the triple bottom line.

The top issue in sustainable projects is the collection of a suitable contractor and construction
technique, and they are the conclusive factors for their achievement. Ecological consequences are closely
joined with society’s built-in uncertainties and perils, and they are uncertain since environmental
systems, as well as social systems, will undergo changes in the upcoming years. Therefore, the
appointment of an appropriate contractor and a suitable construction method is an MCDM issue vastly
important and must operate with fractional knowledge and uncertainty. Bansal et al. [18] implemented
a fuzzy synthetic evaluation method using the analytic hierarchy method to deliver an analytical
instrument to assess the applicability of prefabricated or on-site construction techniques.

Decision-makers’ MCDM model is progressively used to explain sustainable construction
matters [19]. Only one out of ten of the reviewed papers are measured comprehensively with
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limited inadequacies. An MCDM is a decision-making tool applied to an extensive range of ecological
supervision difficulties. A thrilling ground of submission of the MCDM model is the assessment and
analysis of the diverse features when numerous stakeholders are involved.

Fuzzy and hybrid approaches have been progressively used in construction risk management
research. Islam et al. [20] accumulated and analyzed the basic perceptions and methods applied in this
area to date. They suggested that the nature of compound projects is such that most risks are symbiotic
of each other. Consequently, a fuzzy structured method such as the fuzzy analytical network process
(FANP) has commonly been used for unlike compound projects.

Diaz-Balteiro et al. (2017) [21] analyzed and measured 271 papers in the Web of Science database
linked to discrete MCDM and sustainability. There were three methods that were most commonly used:
AHP, TOPSIS, and Simple Additive Weighting (SAW). A noteworthy part of the MCDM techniques
were the hybridized with cluster decision-making techniques, which have been applied to a countless
variety of problems, levels, and segments related to sustainability. The purpose of this hybridization
procedure entails including in the analysis the likings of the stakeholders concerning the indicators
originally recommended. The appearance of new auspicious approaches like the uneven set theory
hybridized with MCDM is of interest. The difference between ordinal and fundamental preferences,
whole and fractional preferences, or local and universal preferences, leads to different situations that
describe precise group decision-making models.

Having the ability to set a winning direction within the sustainable development of the environment
and motivating people to follow that direction is the most exciting aspect of the construction industry.
Each of the methods for contractor selection has some limitations, depending upon how each is
used [22].

Many researchers have highlighted the quality of delivery and products as the primary factor in
choosing suppliers [23–25]. One can understand the life cycle of construction projects as a process that
involves risks. Contractual risk management is an integral part of effective legal risk management.
The contractual risk management objectives do not limit the management of legal risks associated with
the conclusion of contracts. Integrated contractual planning and management, as well as contractual
risk management approaches, are similar to other risk management measures in the economy [26,27].

There is not one single management mode for managing each different project. The implementation
requirements for various projects do not precisely match the needs of other projects.

All construction professionals, such as civil, mechanical, and electrical engineers, financiers, and
architects, have a significant impact on the entire construction process. They affect both situations,
people’s choice and management, goals, efficiency, and quality. The building is classified as a
construction project when the planning of the construction is complete. Tenders select contractors
through contests from potential and qualified contractors. The contractor is selected using one of
three common selection methods: qualification-based selection, selection according to the best-value
selection, or low-bid selection. Today’s project manager is confronted with many old or new challenges.
Many of these challenges directly affect construction performance, while others have an indirect
impact on peripheral activities. Implementation of a construction project is an integration of complex
interrelated activities for achieving the objectives set, which is the best-organized disorder.

The primary features of the implementation of construction projects:

(a) The work is not carried out under controlled conditions, and therefore is highly dependent on
weather conditions and other environmental conditions [28];

(b) The information for a specific building site varies significantly depending on the size and
importance of the designed building, its location, and whether the facilities to be provided are in
an unmapped area or merely an expansion of the existing facilities [29];

(c) Construction processes depend on the knowledge and abilities of the planners;
(d) Safety: construction by nature is inherently dangerous, with a high degree of hazard and risk;
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(e) The threat has to be transferred to those people who best of all can control them. Stakeholders’
desires concern all expected risks in the contract. It serves no useful purpose to force an onerous,
one-sided contract on contractors and sub-contractors taking all the risk in the contract;

(f) Each project is unique. There is no same road to manage each project. Situations, people, and
goals change over time. Never before has a project been available which has had the same
circumstances and requirements. Situations, people, and purposes change over time. All new
ideas and possible variants of decisions have to be compared by many criteria [30]. The complex
nature of decision-making requires practitioners to select investment options by a broader palette
of political reasons along with the analysis of a ratio of “expense effect” and purely technical
reasons. In the economy and the development of the decision, it is essential that the impacts of
cultural, social, moral, legislative, demographic, economic, ecological, state, and technological
changes in the business world on the international, national, regional, and local markets are
considered. The analysis of multi-criteria is a useful tool for many similar problems [31–33];

(g) The construction business is the industry, which slowly accepts innovations. The choice of more
effective technological systems in the building is a complex task with several criteria [34];

(h) A client describes vaguely, continually changing requirements [35];
(i) Clients are slow with communication [36];
(j) Work is frequently seasonal;
(k) The construction process is not defined as predictable;
(l) Temporary restrictions. Time is money for the owner, building customer, and the user of the

build facility. The delay in construction causes not only loss of profits, excesses of costs, and
sometimes poor quality, but also many significant disputes, even full-time jobs, and many
long-term challenges. A delay means the loss of the owner’s income, such as production, and
other commercial facilities are at disposal not in due in time. Baldwin and Manthei [37] described
17 delay factors: weather, labor resources, subcontractors, constructive changes, plans, fund
status, material shortage, manufactured items, type approvals, jurisdictional disputes, denial of
equipment, contracts, construction mistakes, inspections, finance, solutions, and construction
standards and building regulations. Other factors contributing to the construction slowdown are
labor-management relations, strikes, poor organization, planning, coordination, deteriorating
quality of craft, productivity, lack of craftsmen skills, quality of training, delivery delays, and
the high cost of financing. Additionally, Arditi et al. [38], among other things, observed the
following reasons for delays in public projects in Turkey: lack of materials, difficulties in receiving
payments from agencies, contractors’ problems, and the specific characteristics of contractors and
state institutions;

(m) Socio-political pressure. Political pressure and society affect public and private sector employees
to some extent;

(n) The organization. The level of the structure should establish a formal system of human roles to
achieve the goals of the company.

The project team has to solve all identified problems of the leadership in construction as soon as it
is possible. Sexton and Senaratne [39] showed that the organization and design theories of management
are in connection with problem-solving as an information-processing activity. Members of the project
team brought various types of knowledge into the situation of a problem and created, captured, and
shared it when solving a problem of management of project involving changes.
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3. Model for Multi-Criteria Decision-Making in Construction Management

3.1. Multi-Criteria Methods and Construction Management

Multi-criteria decision-making deals with making decisions where multiple criteria (usually being
in contradiction) are present. Different criteria can have different specific qualitative features, units of
measurement, and relative weight scales. There is the possibility that some of the criteria can only be
described subjectively and others only measured numerically. Scientists developed the foundations of
modern MCDM in the 1950s and 1960s. There are dozens of ways to solve MCDM problems. The
MCDM methods grant the solutions for a whole series of management issues.

In the 1980s and at the beginning of 1990s, the development of MCDM methods grew rapidly.
Koksalan et al. [40] and Kahraman et al. [41] gave a short history of the development of MCDM methods.
Zavadskas and Turskis [42] and Zavadskas et al. [43] gave detailed studies about the application of the
MCDM methods in different fields of the management and the economy. Jato-Espino et al. [44] reviewed
applications of multi-criteria decision-making methods in construction. Mardani et al. [45] looked
at the use of some multiple-criteria decision-making techniques. The most popular hybrid MCDM
methods demonstrate the advantages over traditional ones to solve complicated problems which
involve stakeholder preferences, interconnected or contradictory criteria, and uncertain environments.
Decision-makers could use multi-criteria decision-making methods [46] such as analytic hierarchy
process [47], fuzzy analytic hierarchy process [48,49], fuzzy Delphi [50], analytic network process
under intuitionistic fuzzy set [51], Additive Ratio Assessment (ARAS) [52], simple additive weighting
and game theory [53], discrete two persons’ zero-sum matrix game theory [54], Evaluation based
on Distance from Average Solution (EDAS), COPRAS, TOPSIS [55], as well as developing original
models [56].

Saaty [57] published a detailed study on AHP applications. The extension of existing and
integration of well-known methods or development of hybrid methods became common practice
(primarily by the application of the fuzzy and grey systems theory). Some time ago COPRAS [58,59] and
ARAS [33,60] were presented by Lithuanian scientists. Later, MCDM methods such as multi-objective
optimization on the basis of ratio analysis (MOORA) and MOORA plus full multiplicative form
(MULTIMOORA) [61,62] were developed. Then, Step-Wise Weight Assessment Ratio Analysis
(SWARA) [63], Weighted Aggregated Sum Product ASsessment (WASPAS) [64], and KEmeny Median
Indicator Rank Accordance (KEMIRA) [65] appeared and were applied to particular real-life cases.
Different modifications of the TOPSIS method is the second most widely used group of MCDM methods
to solve complicated problems in construction [66]. Table 1 presents the most common problems solved
using multi-criteria decision-making methods.

There are several possible consequences of which the owner who chooses a contractor who
uses the method of low bidding should be informed of. First, one supposes by the process of the
competitive auction that all enterprises (including the material suppliers, the general contractors, and
the subcontractors) have submitted a proposal on the work that is as cheap as permitted, as the drawings
and the technical specifications of the project have allowed. Secondly, there is the widespread mistake
(particularly among the amateurs) that the technical requirements and the drawings will automatically
mean that all contractors will provide the same results, and that the results will correspond to the
expectations of the owner. Lastly, lacking any contractor input at this stage of project engineering, the
total of the final low-bid is still unknown until the contractor actually finishes the project. This means
that the architect and owner must wait uneasily until the design and bidding phases are completed
before they will know if their plan is on, or under, or (more probably) over budget.
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Table 1. Most common problems solved by using multi-criteria decision-making methods (quantitative
and qualitative (Q/Q), fuzzy (F)).

Considered Problem
Information

Type
Multiple Criteria

Method Used
Reference

Construction project selection Q/Q COPRAS-G 1 [59]

F TOPSIS [66]

Choice of operating system F TOPSIS, AHP [67]

Service selection F Grey correlation TOPSIS,
AHP [68]

Selection of grippers, Selection
for financial investments,

Selecting robotic processes,
Comparing company

performances, Comparing
financial ratio performance

F TOPSIS [69]

Wastewater treatment process
selection F TOPSIS, AHP [70]

Selection of sustainable
investment F TOPSIS [71]

Green building material
selection F ANP 2, DEMATEL [72]

Determination of strategic
priorities by analysis of
strengths, weaknesses,

opportunities and threats
(SWOT)

F Goal Programming [73]

Project management critical
success factors F ANP, DEMATEL [74]

Material selection and new
product development F COPRAS [75]

Choice of the action plan and
dynamic supplier selection F Mixed integer linear

programming [76]

Sustainable building
assessment/certification Q/Q ARAS [77]

Selection of suitable bridge
construction method F AHP [78]

Selection of construction site F ARAS and AHP [79]

Design of products Q/Q Yin-Yang balance,
SWARA [80]

Supplier selection F TOPSIS [81]

F TOPSIS, AHP [82]

Contractor selection

F AHP, PERT 3 [83]

Q/Q QBS 4 [84]

Q/Q QBS, Low Bid [85]

F MFPR 5 [86]

F TOPSIS, AHP [87]

Q/Q Best-Value, AHP [88]
1 COmplex PRoportional ASsessment of alternatives with grey relations (COPRAS-G); 2 Analytic Network Process
(ANP); 3 Program Evaluation and Review Technique (PERT); 4 Qualifications Based Selection (QBS); 5 Multiple-layer
Fuzzy Pattern Recognition.
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3.2. Model Development for Multi-Criteria Decision-making

The specific steps are essential to solve a multi-criteria decision-making problem. Figure 3 presents
the developed approach. First, decision-makers define all feasible alternatives to the problem solution.
Second, they should set the alternatives’ criteria. Decision-makers identify factors, which have an
essential influence on and are important to the contractor’s choices. Third, the stakeholder identifies
goals and a set of criteria. Fourth, decision-makers define the values of criteria, because each criterion
has its value for a different specific choice. As an example, an experience of each contractor given
as outstanding (OT) or right, average (AV) or below average (BA), and lastly as unsatisfactory (UN).
On the other hand, profitability defined as either high (HG), average (AV) or even low (LW), and others.
Fourth, it is necessary to establish criteria weights where one can identify more or less essential criteria.
The more critical criteria are given greater weight. Then, decision-makers evaluate alternatives. Lastly,
the best option is chosen using calculations aided by computer software.

 
Figure 3. Framework for decision-making in a construction model.

4. Case Study: Turkish Construction Project Management—Sustainable Decision-Making:
Finding the Best Contractor

4.1. Project Description and Problem Considered

In construction, one of the most critical tasks is selecting the right contractor. It is a multi-criteria
problem including both quantitative and qualitative factors. To choose the right contractor from many
applicants available in today’s market is a somewhat complicated problem for clients. Selecting of a
proper contractor is crucially important to ensure the quality of the constructed building when dealing
with long-term assets. To achieve this aim, it will largely depend on the efficiency of the performance
of the selected contractor [89]. Studies of contractor selection date back to the early 1960s.

A three-star seven-story hotel is to be built in the south of Turkey, close to Antalya. The hotel
stakeholders want to create a swimming pool. The measurements are:

• Oval shape;
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• 25-m long;
• 10-m wide;
• 2.2-m deep.

A little amount of work is left to finish the project. The project manager has to select a building
contractor. The primary objective is to choose the correct contractor for the pool. Picking the right
contractor to build the pool is the primary aim. The main criteria are:

• Good design;
• Good quality;
• Best financial options.

4.2. Making Alternatives

This example shows the selection of the contractor based on analysis using multi-criteria
methodologies. The contractor choice is a significant decision for a construction manager, as the success
of the whole project will be affected.

Stakeholders will select the contractor from five contractors. The selection of the contractor is
based on the use of multi-criteria methods to evaluate and combine objective and subjective criteria
with a significant impact on the effective implementation of the construction project. All contractors
are well-known companies in Turkey from Ankara, Istanbul, and Izmir.

4.3. Setting the Criteria, Determining Their Values

Contractor choice for the project will be dependent on many different things. Some are more
important, for example, technical experience. Others, such as their safety record are not so important.

Thus, when choosing, it is essential to evaluate a contractor’s:

(1) technical experience,
(2) record of performance,
(3) financial stability,
(4) the qualifications of the employees and the management,
(5) capacity,
(6) safety record, and
(7) equipment and operation.

These main criteria should be taken into account while choosing, but also secondary criteria
must be evaluated, for example, capacity, the number of projects on which the contractor is currently
working, etc. The criteria set was determined by questioning experts and stakeholders and based on
the literature overview. Figure 4 presents the criteria and sub-criteria sets, which influence the choice
of the contractor in this project.
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Figure 4. Set of criteria system.

It means that this model has two levels; main criteria and secondary criteria.

• Technical Experience (TE)—this shows the contractor’s experience in civil (TE1), electrical (TE2),
mechanical (TE3), landscaping (TE4), and site (TE5) works. The project number is considered as an
essential criterion. If the contractor has completed >20 projects, the evaluation can be considered
as outstanding (OT), 15–10 very good (VG), 10–15 average (AV), 5–10 below average (BA), and
fewer than five projects – unsatisfactory (UN).

• Performance Record (PE)—shows if the contractor usually completes projects on time (PE1)
(always (AL), sometimes (SM), or rarely (RR), and will evaluate any quality (PE2) and cost control
(PE3) systems, including the finished project quality (PE4). PE2, PE3 and PE4 are assessed as
either outstanding (OT) or very good (VG), average (AV) or below average (BA), or unsatisfactory
(UN).

• Financial Stability (FS)—evaluates such things as the contractor’s profitability (FS1), credit
availability (FS2), as well as debt (FS3). Either high (HG), average (AV) or low (LW).

• Qualification of Management Employees (ME)—This evaluates the number of failures in the
contractor’s projects (ME1) (never (0), 3 or less (≤3), more than 3 (>3), experience of managers
(ME2) (less than 5 years (<5), from 5 to 10 years (5–10), more than 10 year (>10) and workers’
experience (ME3) (strong (S), moderate (M), poor (P).

• Capacity (CA)—This will evaluate the projects the contractor is working on (CA1) (less than 5
(<5), from 5 to 10 (5–10), more than 10 (>10), and the ability (capacity) to include this project (CA2)
strong (S), moderate (M), and weak (W), as well as ongoing project status (CA3). Evaluation of
status of current (ongoing) projects: ahead of schedule (SA), as scheduled (SO), behind schedule
(SB), and stopped (SS).
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• Safety Record (SR)—This is about the strengths of the safety program (SR1) (outstanding (OT) or
very good (VG), average (AV) or below average (BA), or unsatisfactory (UN), number of accidents
that happened in the last five years (SR2) (less than 5 (<5), from 5 to 10 (5–10), more than 10 (>10),
and availability of safety training for new employees (SR3) (available (Yes), not available (No).

• Operation and Equipment (OE)—This shows the expertise of technical field employees (OE1)
(outstanding (OT) or very good (VG), average (AV) or below average (BA), or unsatisfactory (UN)
and equipment suitability (OE2). The secondary criteria, (e.g., technical field personnel abilities),
are evaluated qualitatively, depending on the competencies of employees: very suitable (VS),
average (AV), acceptable (AC), unsatisfactory (UN).

Criteria are worked out depending on their origin. Table 2 provides a possible evaluation of
criteria and sub-criteria. As it shows, aspects of technical experience can be evaluated on a scale from
OT to UN, etc. It means that this model has two levels; main criteria and secondary criteria.

Table 2. Evaluation of criteria.

Criteria Sub-Criteria Evaluation

TE

TE1 OT VG AV BA UN

TE2 OT VG AV BA UN

TE3 OT VG AV BA UN

TE4 OT VG AV BA UN

TE5 OT VG AV BA UN

PE

PE1 AL SM RR - -

PE2 OT VG AV BA UN

PE3 OT VG AV BA UN

PE4 OT VG AV BA UN

FS
FS1 HG AV LW - -

FS2 HG AV LW - -

FS3 HG AV LW - -

ME
ME1 0 ≤3 >3 - -

ME2 <5 5–10 >10 - -

ME3 S M P - -

CA
CA1 <5 5–10 >10 - -

CA2 S M W - -

CA3 SA SO SB SS -

SR
SR1 OT VG AV BA UN

SR2 <5 5–10 >10 - -

SR3 Yes No - - -

OE
OE1 OT VG AV BA UN

OE2 VS AV AC UN -

4.4. Calculation According to the Model

The criteria were weighted using “Expert Choice” software (based on the AHP method). From the
model, factors (criteria) of level one (Figure 4) were as input, which was calculated using the software.
Firstly, the main criteria’s weights were worked out. The team of experts discussed the initial matrix
for comparing the relative importance of the criteria in pairs. Table 3 provides a comparison matrix.
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Table 3. Comparison matrix.

Criteria TE PE FS ME CA SR OE
Criteria
Weights

TE 1 2 5 5 6 6 2 0.33

PE - 1 6 6 7 6 2 0.29

FS - - 1 1 3 3 1 0.09

ME - - - 1 4 3 1/3 0.08

CA - - - - 1 2 1/5 0.04

SR - - - - - 1 1/4 0.03

OE - - - - - - 1 0.15

Σ: 1

CR = 0.05

If CR is less than 0.1, then it is assumed that the expert is consistent in his evaluations.
In a similar way, the weights of the sub-criteria were determined for each of the criteria groups.

Table 4 presents the summary of the defined criteria and sub-criteria weights.

Table 4. Weights of the criteria and sub-criteria.

Criteria Weight Sub-Criteria Weight

TE 0.33

TE1 0.19

TE2 0.02

TE3 0.07

TE4 0.02

TE5 0.03

PE 0.29

PE1 0.07

PE2 0.07

PE3 0.07

PE4 0.07

FS 0.09
FS1 0.02

FS2 0.05

FS3 0.02

ME 0.08
ME1 0.06

ME2 0.01

ME3 0.01

CA 0.04
CA1 0.01

CA2 0.01

CA3 0.02

SR 0.03
SR1 0.01

SR2 0.02

SR3 0.00

OE 0.15
OE1 0.15

OE2 0.00
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Therefore, criteria rank according to importance are as follows: TE (the most important); PE; OE;
FS; ME; CA; SR (the least important).

Table 5 provides information on the evaluation of each criterion and sub-criterion for each of the
five contractors. Criteria evaluated according to their PE and other information.

Table 5. Evaluation of contractors based on the criteria set.

Criteria Sub-Criteria
Contractor

C1 C2 C3 C4 C5

TE

TE1 VG VG OT AV AV

TE2 VG VG OT BA AV

TE3 VG VG OT BA AV

TE4 VG VG OT BA AV

TE5 VG VG OT AV AV

PE

PE1 SM SM AL RR SM

PE2 VG AV VG UN AV

PE3 AV AV VG UN BA

PE4 VG VG OT BA AV

FS
FS1 AV HG HG LW AV

FS2 AV HG AV LW LW

FS3 LW LW LW LW AV

ME
ME1 ≤3 0 0 >3 0

ME2 >10 5–10 >10 <5 5–10

ME3 M M M P M

CA
CA1 <5 5–10 >10 <5 >10

CA2 S M W S W

CA3 SB SO SO SB SB

SR
SR1 BA BA AV UN UN

SR2 <5 <5 >10 5–10 >10

SR3 No No Yes No No

OE
OE1 AV AV VG BA BA

OE2 AV AV VS UN AC

Decision-makers prepared the initial decision-making matrix for problem-solving based on
Saaty’s [45] scale.

Finally, Table 6 provides the overall scoring of each contractor on different criteria. The “Expert
Choice” program scored different criteria values of each contractor.

In Table 6, all optional values are the biggest values:

Kj =
m∑

i=1

xijwi∑n
j=1 xij

(1)

where: wi—weight of sub-criteria; xij—evaluation of i contractor according to the j criterion; I = 1, m;
j = 1, n; m—number of criteria; n—number of contractors.

According to Table 6, the best contractor is C3 because their score is 0.55, the worst contractor is
contractor C4 because their score is 0.15.
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Table 6. Overall scoring of contractors.

Criteria Sub-Criteria
Contractor

C1 C2 C3 C4 C5

TE

TE1 0.10 0.10 0.02 0.05 0.05

TE2 0.01 0.01 0.02 0.00 0.00

TE3 0.04 0.04 0.03 0.01 0.02

TE4 0.01 0.01 0.02 0.00 0.00

TE5 0.02 0.02 0.03 0.01 0.01

PE

PE1 0.02 0.02 0.07 0.01 0.02

PE2 0.04 0.02 0.04 0.01 0.02

PE3 0.02 0.02 0.04 0.01 0.01

PE4 0.04 0.04 0.07 0.01 0.02

FS
FS1 0.00 0.02 0.02 0.00 0.00

FS2 0.01 0.05 0.01 0.01 0.01

FS3 0.00 0.00 0.00 0.00 0.00

ME
ME1 0.01 0.06 0.06 0.01 0.06

ME2 0.01 0.00 0.01 0.00 0.00

ME3 0.00 0.00 0.00 0.00 0.00

CA
CA1 0.01 0.00 0.00 0.01 0.00

CA2 0.01 0.00 0.00 0.01 0.00

CA3 0.01 0.01 0.01 0.01 0.01

SR
SR1 0.00 0.00 0.00 0.00 0.00

SR2 0.02 0.02 0.00 0.01 0.00

SR3 0.00 0.00 0.00 0.00 0.00

OE
OE1 0.02 0.02 0.05 0.01 0.01

OE2 0.02 0.02 0.05 0.00 0.01

Σ 0.40 0.47 0.55 0.15 0.25

5. Conclusions

A large number of problems in construction management are those of MCDM. To counter the
complex nature of a problem, one can use four optimization methods. These are multi-criteria,
cost-oriented, single-objective, and multi-objective. The case study identified ten groups of significant
construction management problems. One of the most important is choosing the right contractor.

Project managers could use optimization, elimination, and probabilistic methods to select and
background effective decisions. The multiple-criteria side is significant when decisions deal with
construction management.

The research suggested the nine-stage model for decision-making problem-solving. The stages
are as follows: (a) definition of the primary goal and objectives; (b) definition of alternatives; (c)
determining the criteria set; (d) establishment of a criteria evaluation system; (e) selecting the criteria
weight determination method; (f) determining criteria values for each alternative under consideration;
(g) selecting a decision-making method; (h) counting of the total performance score; (j) choice of an
option to implement.

Based on the overview of the literature, and expert judgement criteria set was worked out
as follows: (a) performance; (b) technical experience; (c) stability of finances; (d) management
performance/employee qualification; (e) capacity; (f) record of safety; (g) equipment operation.
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The model proposed was used to select a sustainable contractor in the construction of the pool at
the seven-story hotel near the Mediterranean Sea in Turkey. After analyzing the alternatives, the best
contractor was C3 (with a total score of 0.55).
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Abstract: The growth of the company’s investment potential is closely associated with the evaluation
of the attendant risks of the process, various influencing factors, and the expected results. Therefore,
the analysis of a number of qualitative and quantitative criteria of the projects and risks, as well
as the potential profit-making opportunities in the investment decision making is required. This
paper analyzes a decision-making strategy based on qualitative estimates obtained by investigating
the risks posed, the management methods used, and the application of the proposed methods for
assessing the contractor’s risk in construction companies.

Keywords: building investment project; risk; assessment; verbal analysis

1. Introduction

Risk is a relevant part of the life of a business and society. Furthermore, it forms an integral part of
a business, as risk is attached to every choice between various alternatives and final decisions. Almost
every important economic decision involves some risk and uncertainty [1].

A great number of scientists and practitioners have been analyzing the company’s investment
objectives from various perspectives [2]. Profitable activities of the company (productive investments)
are possible only if they are based on clearly defined investment decisions and the weighed and
controlled risk, as well as targeted and supervised investment.

The problems of risk assessment and management have been discussed in the scientific
literature [3–21] for a long time, but they are still acute. However, the attitudes towards these
problems have been changing over time. It can be argued that the existing theories and the applied
methods do not meet the changing requirements.

The need for assessing the importance of the construction investment decision-making and risk
assessment under uncertainty particularly increased in the crisis and post-crisis periods in 2007, when
the competition for funding a project at all stages of corporate investment project’s implementation
greatly increased. To gain competitive advantages, companies should continually invest in developing
risk assessment methodologies, which could not only help to ensure the expected profit, but would
also create capital gains for the investors. There is no doubt that effective risk assessment, as the
most important risk management stage, should also become one of the most significant steps in the
company’s investment decision-making.

Sustainability 2019, 11, 2660; doi:10.3390/su11092660 www.mdpi.com/journal/sustainability365
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Decision–making problems in construction management often involve a complex decision-making
process, where multiple requirements and conditions have to be taken into consideration
simultaneously [22]. Thus, quantitative and qualitative evaluation is often required to deal with
uncertainty, as well as subjective and imprecise data [23].

The construction industry is exposed to higher risks than other industries [24,25]. Construction
projects are exposed to various risks. Contractors cope with this problem, while the owners pay for it.
The problem of the contractor’s selection is very important in developing the construction projects.
This process involves the employment of people with different skills and interests. Construction
projects are also influenced by a number of uncontrollable external factors.

Risks in developing construction projects have been identified [26–33] and analyzed in
References [25,27–38].

The authors show that the process of risk assessment and management in construction projects has
many deficiencies which decrease the effectiveness of the project management and its performance [13].

The paper considers the problem of risk assessment in making investment decisions (under risk
and uncertainty conditions), whose solution would make a long-term positive effect on the company’s
capital investment policies in implementing the investment projects in construction and would ensure
its development. The paper describes the performed empirical studies and the proposed solutions
concerning risk assessment and risk management in making investment decisions (contractor selection)
under the uncertainty conditions, using a verbal analysis method.

2. Verbal Analysis and Its Potentialities

Verbal analysis methods (VAM) are based on the principles presented in Figure 1. All the
above-mentioned principles state that the methods of verbal analysis have mathematical and
psychological backgrounds [30,39–42].

Figure 1. The major principles of verbal analysis methods [37–39,43–46].

These methods (Figure 1) give the possibility to reduce the gap between the demands for the
available decision-making methods and human system’s abilities to process the data [42–45].

There are three major decision-making problems as follows:
Ranking of alternatives: While solving particular problems, attention is paid to the ranking of

alternatives. For example, the investors rank the possible investments, their benefits, etc., according to
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expedience/profitability. In general, the ranking of alternatives (i.e., their classification/attribution to
particular classes) demands the establishment of every alternative’s value. There is a method called
ZAPROS, which was created for the solution of this problem [46]. While using this method, there is
one major rule, according to which there is a possibility to rank the alternatives described by many
various criteria by evaluating the decision maker’s (DM) needs. The rule’s formation requires the
selection of the set of criteria, describing the analyzed area, and their scales. The major rule allows for
comparing two main alternatives described by the selected criteria.

The alternative’s attribution to solution classes. These types of tasks are usually solved in everyday
life. For example, people who want to buy a house or to evaluate the available alternatives, divide
them into two groups as follows: The ones that interest them and the ones that do not interest them
(those, which do not meet their major requirements and those that are not worth their attention and
spending of money). The groups are differentiated according to quality. A subcontractor also chooses
the best (desirable) clients. The company CEO sets the requirements to the staff, and according to their
needs, they do not consider the candidates who do not meet the minimum requirements.

The classification of the alternatives can also be widely used for creating the database for assessing
particular areas, for example, in the case of staff selection according to the criterion of adequacy,
etc. (the qualification not less than . . . , having the particular certificates, etc.). It also includes the
database of the potential contractors or subcontractors, evaluating their industrial productivity, defining
quality criteria, etc., and attributing them to a particular class, such as “reliable”, “unreliable” or “not
very reliable”.

Based on the VAM method, the alternatives can be classified by using various methods (Figure 2).
The first method of this type is ORKLASS (Ordinal Classification), allowing for making a complete set
of criteria for the alternatives’ classification (all the possible alternatives, described by a set of criteria
and by their scales’ numbers). The other method, which allows for faster solution of the considered
task, is CIKL (Catenary Interactive Classification).

Figure 2. The classification of the verbal analysis methods.

The selection of the best alternative: This task is the main one because the final result depends
on its successful solution. This is shown by practical experience. Thus, the right choice of the contractor,
the investment project evaluation and selection determine the successful economic, technical, and
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social development of the company. It should be noted that these tasks are usually solved when
important political decisions, where the number of alternatives is not large and which are complicated
for evaluation and comparison, are made. For example, it is necessary to determine the best alternative
of the currency and land usage reform. It is worth mentioning that one of the conceptual problem’s
preferential features is the new alternative’s generation in the solution-making process. These types
of tasks can be solved by using PARK and SHNUR (SNOD) (normalized ranked differences scale)
methods [47]. The SNOD method was created later than PARK and gives a possibility to evaluate a larger
number of criteria and alternatives. In Figure 2, the considered methods are presented [23,44,46–56].

Another aspect of the expert classification methods is also worth mentioning. The created database
can be not only of a consulting type, i.e., the results of these methods can be always interpreted
subjectively and are not highly precise, even though they attribute the considered alternative to one or
another class of solutions. In the author’s opinion, the solution methods of verbal analysis have some
advantages when they are used for solving problems with definite characteristics as follows:

1. There are no reliable ways of changing the evaluation of quantitative criteria. The estimate can be
obtained only from experts;

2. There are no reliable statistics, based on which the best rule of the alternative’s quality evaluation
can be chosen objectively. The main rule can only be based on the subjective DM wishes
and demands.

3. Verbal Multiple Criteria Evaluation Method CLARA (Classification of Real Alternatives)

The CLARA method (Classification of Real Alternatives) has been created to solve a classification
task. By using this method, it is possible to perform the classification of the whole set of objects, as
well as the objects of the known part of the set, thereby minimizing the number of experts’ queries.

In this method, the priorities of the examined variants and their significance directly and
proportionally depend on the system of criteria adequately describing the alternatives, as well as on
their significances and values. The values of the criteria and their significances are determined by
experts. These data can be adjusted by the interested parties (e.g., clients, consumers, etc.) according to
their goals and potential. Therefore, the alternative’s evaluation results reflect the initial data provided
by the experts and the interested parties.

Several formal definitions are given below:

Definition 1. The alternatives x, y ∈ Y, are referred to as comparable: x ~ y if x ≥ y, or y ≥ x; in the opposite
case, they are called incomparable: x � y.

Any other two alternatives, which belong to the same class, are either in a dominating relation, or
are incomparable. Thus, in every class, it is possible to determine the subsets of dominating and not
dominating alternatives.

Definition 2. The subset BU(Cn) of class Cn alternatives is called the upper boundary of this class if ∀ x ∈ Cn ∃
y ∈ BU(Cn) is such that y ≥ x and ∀ x, y ∈ BU(Cn), x � y⇒ x � y.

Definition 3. The subset BL(Cn) of class Cn alternatives is called the lower boundary of this class if ∀ x ∈ Cn ∃
y ∈ BL(Cn) is such that x ≥ y and ∀ x, y ∈ BL(Cn), x � y⇒ x � y.

The classification problem can be solved by presenting the alternatives’ card (Y*) to an expert so as
to obtain their distribution into classes. Using the dominating relation (1) and consistency condition (2)
provides the ability to considerably reduce the provided number of alternatives, as well as the time
of the classification procedure. The possibility to minimize the given number of alternatives occurs
because of the possibility to use the data about the already classified alternatives for the remaining
alternatives’ classification.
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The numerical functions CU(x) and CL(x) are needed, which are specified for the set Y as the
largest and the smallest class numbers and the allowable x, i.e., a class, to which the given x would not
violate the classification consistency condition (2). Let us assume the vector x to be referred to class Ck
if the condition CU(x) = CL(x) = k is satisfied. At the beginning, ∀ x ∈ Y* has to be CL(x) = 1, CU(x) =M.

There is an alternative set Y with the given dominating relation P, as well as M solution classes,
arranged according to the criterion of quality. The largest and the smallest numbers of the allowable
solution classes CU(x) and CL(x) are associated with every alternative x ∈ Y*. Before starting the
classification, ∀ x ∈ Y: CL(x) = 1, CU(x) =M. The classification is considered to be performed when ∀ x
∈ Y*: CL(x) = CU(x).

Definition 4. The alternative x ∈ Y dominates the alternative y ∈ Y, when x > y and � z ∈ Y: x > z > y.

Definition 5. The alternative x ∈ Y is dominated by the alternative y ∈ Y, when x < y and � z ∈ Y: x < z < y.

A set of alternatives dominating the alternative x is denoted by ZU(x), while the set which is
dominated by the alternatives is marked as ZL(x).

Definition 6. The dominating alternative orgraph G(Y,E) is called the oriented acyclic graph, where the vertex
set is the alternatives’ set Y, and the set of arches E ⊆ Y × Y consists of the elements (x, y), where the alternative
x ∈ Y dominates the alternative y ∈ Y.

Definition 7. The alternatives’ sequence w = 〈y1, y2, . . . yl〉, where yi+1 ∈ ZL(yi), 1 ≤ i ≤ (l − 1), is called a
string. The number L(w) = l of the alternatives’ string w is called the string’s length. A particular alternative is
a string of length 1.

Classification algorithms: The algorithm CLARA (Classification of Real Alternatives) is based
on the concept of the dichotomy of the alternatives’ strings. It was first applied to the maximum length
string, used in the DIFKLASS algorithm [48] and later in the KLANŠ algorithm [50], where it was
adapted to the case of the rarefied areas Y. CLARA is also used as a new adaptive dichotomy idea,
allowing for finding the boundaries of the solution classes faster and reducing the time of classification.

The major steps of the analysis of the classification algorithm CLARA:

• When the classification is started, the dichotomy ratio di of classes Ci and Ci+1 in searching for the
boundary is assumed to be equal to 1/2.

• The alternative’s orgraph G(Y,E) can have a number of combination components, therefore, all the
available but unclassified alternatives of the set Y* are analyzed in the consecutive order. The
consistency of the alternatives is important. Any selected alternative xs is called primary.

• In the combination component of the orgraph G(Y,E) (to which xs belongs) the maximum length
alternative’s string wmax, going through the primary alternative xs and having the largest number
of unclassified alternatives from Y*, is established.

• Since classes {Cn} are arranged according to their quality, the boundaries between the classes in
the string are obtained by separating the upper-quality class Cn from the lower quality class Cn+1.

• For the expert’s evaluation, the element xd, where d = dn·L(wmax), is taken from the string wmax,
and, if the alternative xd seems to be unsuitable or has already been classified, the new xd, the
available unclassified string element with the closest index is selected.

• The expert is given the available alternative xd, of the string wmax, and its solution is valid for the
maximum possible number of elements, whose belonging to classes Cn and Cn+1 is not determined.

• If wmax still has suitable unclassified elements, the division of the string wmax is continued and
ends when all the obtained suitable alternatives appear to be directly or indirectly classified with
respect to classes Cn and Cn+1. In the opposite case, another boundary between the classes is
sought (by returning to the 4th step). If the string has been classified with respect to all classes,
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there is an index k in the string wmax for every class where the change from the class Cn to the
class Cn+1 takes place. This index is dnw = k

L(wmax)
. In every further step dn there is the arithmetic

mean of all the above-mentioned calculated dnw.
• The cycle is continued until all possible alternatives of all possible sets Y* are classified with

respect to the pair of these two classes.
• A general schematic view of the CLARA algorithm is given in Figure 3.

 
END 

START

Yes 

Figure 3. The algorithm of CLARA.

4. Verbal Risk Evaluation of the Companies Performing the Functions of Contractor

The objective is to evaluate the risk level of a building company performing the contractor’s
functions by using the multi-criteria evaluation method CLARA.

A description of the analyzed object. The considered company is based in Lithuania. The company
started its work in 1992 and has the status of JSC. The areas of work: General building tasks; special
building tasks; mechanical tasks, etc. To fully satisfy the client’s needs, the company pays great
attention to the control of the building process quality.

The company’s quality principles, goals, and strategy are described. The goal of the JSC “X”
quality policies is to justify the client’s hopes and trust by performing the tasks on time. To achieve the
goals, JSC “X” installed the international quality control software ISO 9001:2000/LST EN ISO 9001:2001.
Now, more than 60 people work in this company. The annual turnover in 2007 was 25,000,000 m Eur.
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According to the task, verbal risk evaluation of the company “X” performing the contractor’s
functions was made by using the CLARA method. Only one company was evaluated, and no
comparison with any competing companies was made.

Based on the risk analysis of companies performing the contractor’s functions (Table 1), as well
as the experience of the authors, scientific literature analysis and the data obtained in interviewing
managers, the risk types of the hierarchical level 1, which are given below, were determined (the criteria
of level 1). The criteria of this risk group refer to hierarchical level 2.

Table 1. The contractor’s risks.

No Types of Risk

External (Systemic) Risks

1. Environmental (ecological) risk
2. Market risk
3. Strategical risk
4. Legal risk
5. Social risk
6. Technical-technological risk

Internal Risks

1. Financial 9. Resource management
2. Project 10. Construction organization
3. Evaluation 11. Design
4. Organizational 12. Cultural
5. Contractual 13. Human resources and work safety
6. Technological-innovative 14. Leadership
7. Investment 15. Competitiveness
8. Quality 16. Operational

The risk types marked in red were determined as most important in analyzing the potential
contractors’ companies.

The managers of the building companies were interviewed in the regions of Vilnius, Panevezys,
and Klaipeda. Based on the obtained data, the risks of the 1st and the 2nd hierarchical levels were
combined. When the classification of various risks had been made, the classifier of the incurred
risks and the factors causing them was obtained, and when the iterations had been performed, the
final evaluation solutions were made (Figure 4). A detailed description of the described groups is
given below:

Figure 4. The risk levels.
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The “Company’s financial risk evaluation” group includes credit evaluation, turnover, liabilities to the
bank, interest rate changes, liquidity, profitability, inflation and the evaluation of reserve.

The “Evaluation of the company’s technical-technological risk” group includes the experience and
qualification of the staff, management skills, innovative technology’s adaptation, evaluation/analysis of
past factors, optimization of technological processes, quality characteristics/level’s standards, project
managers’ strict responsibility levels, and maintenance of the building and supply processes.

The “Project risk evaluation” group includes the consideration of the projects’ types and sizes,
designing process coordination, the number of simultaneously performed projects, experience in the
field, design solutions, the possibility of failing to finish the project, and the unexpected changes in the
project and design faults’ analysis.

The “Company’s organizational risk evaluation” group includes the company’s image and competence,
the qualified specialists’ team, client’s satisfaction, the analysis of failures, claims and lawsuit
appearance, the supplier’s analysis and the legitimacy of the choices, as well as a set of
precise responsibility boundaries in the company, management skills, and the communication
processes/policies.

The “Risk evaluation of resources‘ management” group consists of turnover funds’ maintenance, the
appropriate use of equipment, the maintenance of the qualified staff number, the maintenance of the
appropriate amounts of materials, and the control of the time of the process performance.

The “Quality management risk evaluation” group includes the quality control system, quality
management, and risk management policy (company and projects) quality, the environmental
requirements‘ maintenance, and the evaluation of the guaranteed quality.

The “Safety risk evaluation” group includes work safety control, accidents‘ prevention, work safety
requirements, and responsibility assumption.

The “Contractual and legal risk evaluation” group includes uncoordinated agreement conditions,
agreement conditions‘ obscurity, agreement’s noncompliance, inaccurate building documentation,
uncoordinated laws, law amendments.

The “Company’s building risk evaluation” group includes inaccurately planned time of construction,
unforeseen problems in transport, problems of transport, supply problems, production quality, and
management quality.

The “Ecological risk evaluation” group includes disasters, essential requirements of the environmental
laws, the government’s attitude to the project’s change, etc.

The “Risk evaluation of policies” group—separate criteria.
Then, to determine the risks of the building sector’s companies, performing the contractors‘

functions, a classifier (Figure 5), consisting of the risk evaluation criteria and final classification
solutions, was created. Risk evaluation criteria of the contractor’s company are given in the description
of the hierarchical levels 1 and 2. While evaluating the building contractor’s company, the attention
was paid to the risk types presented in Figure 4. The first hierarchical level is the main one. Based on
the criteria of this level, it is possible to evaluate the risk level of the building contractor’s company.
All the criteria of the first hierarchical level were evaluated as follows: Low, medium or high. When
the evaluation was made, the results were obtained, i.e., risk levels were determined (Figure 4).

The criteria from the first level are not always sufficient (level 1, Figure 6) for determining the
risk level of the building contractor. Therefore, all first hierarchical level criteria were divided into
subcriteria of a lower level and thus the second hierarchical level was obtained (Figure 7). The criteria
of the second hierarchical level were required for performing a thorough analysis of risks (when every
type of risk is analyzed).
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3. Project risk

CONTRACTOR’S RISK ASSESSMENT CRITERIA 

Figure 5. The investment risk evaluation classifier of the contractor.

Figure 6. The first hierarchical level.
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According to the created scheme (Figure 5), the sequence of risk evaluation procedures is as
follows: The evaluation of the second hierarchical level criteria⇒ the evaluation of the first hierarchical
level criteria⇒ the criteria of the second hierarchical level are given in Table 2.

Table 2. The criteria of the second hierarchical level.

No Criteria No Criteria

1 credit rating 31 supplier analysis and feasibility of choice
2 turnover 32 liabilities of the company
3 liabilities to the bank 33 leadership skills
4 interest rate changes 34 communication processes/policies
5 liquidity 35 provision of working capital
6 profitability 36 use of equipment
7 inflation 37 support of skilled workers
8 the evaluated reserve 38 provision of the required materials

9 experienced and skilled workforce 39 monitoring and ensuring the timelines of
ongoing processes

10 management skills 40 quality control system

11 application of the latest and most
innovative technologies 41 quality management and risk

management policies
12 assessment/analysis of past factors 42 quality and environmental requirements
13 optimization of technological processes 43 quality assurance evaluation
14 quality characteristics/level 44 work safety control
15 credit rating 45 accident prevention

16 project management and the responsibility
levels of managers 46 maintaining and improving the procedures

ensuring the required work safety level
17 construction and supply processes 47 assumed responsibility
18 project types and sizes 48 uncoordinated contract terms
19 design coordination 49 uncertainty in contract terms

20 the number of simultaneously
performed projects 50 contract failure

21 experience in the field of activities 51 inaccurate building documentation
22 design solutions 52 uncoordinated laws
23 possibility of non-completion of design 53 law changes

24 unexpected project changes 54 inaccurately planned and exceeded
construction time limit

25 design errors 55 unplanned site conditions
26 the image and competence of the company 56 transport problems
27 a skilled team of professionals 57 supply problems
28 customer satisfaction 58 quality of production
29 the analysis of failures 59 management quality
30 the existence of claims and cases 60

Therefore, let us determine the risk level of the company “X”, performing the contractor’s
functions. Using the classifier’s scheme (Figure 5), the risk level can be determined, but many criteria
should be compared. It is a complicated process, which takes much time to perform. Therefore, the
use of the SPPS CLARA software, employing verbal classification method (of alternatives) is required.
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Figure 7. The second hierarchical level.

5. Entering the Data into the Software

Let us demonstrate the operation of SPPS CLARA software by analyzing the evaluation of the
risk level of a particular contractor’s company at various stages. The provided software screenshots
present various stages of the contractor’s company’s risk level evaluation.

The task is to assess the risk level of the contractor’s company at various stages (first hierarchical
level: Financial risk; technical technological risk; project risk, etc.) and refer the company to those of
the particular risk level (final class decisions: Class A—the lowest risk level; class B—low risk level
etc.). For this purpose, a set of evaluation criteria was defined (second hierarchical level). A more
detailed company’s analysis is given in Section 4.

To perform the task, a classifier was made (Figure 5), including the considered risk levels (final
class decisions (Figure 4)), the first hierarchical level (Figure 6), and the second hierarchical level
(Figure 7).

According to the classifier (Figure 5), the data of the first and the second hierarchical levels were
entered into the program (Figures 8 and 9). In a similar way, the data on the types of risks associated
with the project, the company and other types of risks (of the first and the second hierarchical levels)
were entered into the program. When all the criteria used in evaluating the contractor’s company
were entered, the last step, including the comparison, was made. The comparison of the criteria
was performed as follows: The program had chosen one estimate of each criterion and made their
combinations. An expert assigned the evaluated combination to a particular class. The created
database allowed for easy and fast evaluation of the risk level of the considered object (in this case,
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the contractor’s company) by assigning the respective values of the criteria of the first and the second
hierarchical levels.

 

Figure 8. Financial risk evaluation criteria of the contractor’s company.

The evaluation of the risk level of the contractor’s company was performed with respect to the
first hierarchical level (Figure 10), i.e., every risk type could be assessed as high, medium or low. Based
on the obtained results, a company could be referred to a particular risk level (final class decision).

If the data allowing for evaluating the criteria (risk types) of the first hierarchical level were
insufficient, the criteria of the second hierarchical level were evaluated (Figure 11). In this way,
a thorough analysis and evaluation of the company’s risk level (taking into account various criteria)
were performed.

STAGE 1: Financial risk evaluation of the contractor’s company (Figure 8). Eight evaluation
criteria of the second hierarchical level were inserted (criterion 1, credit evaluation; criterion 2, turnover;
criterion 3, obligations to the bank; criterion 4, interest rate changes; criterion 5, liquidity; criterion 6,
profitability; criterion 7, inflation; criterion 8, reserve’s evaluation).

Criterion evaluation classes: Class A, high; class B, average; class C, safe. Criteria 1–8 were chosen
for the risk evaluation of the contractor’s company.

While analyzing the company (alternative 1), the expert determined if the company’s credits allow
the company to meet the obligations to the bank. Moreover, it was also determined if the turnover
complies with the forecasted indicators and if the company’s financial indicators ensure the planned
company’s liquidity and profitability levels. After analyzing the company’s financial risk, it was
determined if there were any faults or contradictions in the classification.
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Figure 9. The criteria of technical–technological risk assessment of contractor.

Figure 10. The assessment of alternatives.
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Figure 11. The database with the assessment criteria for the contractor’s company.

STAGE 2: The company’s technical–technological risk evaluation (Figure 9) includes the analysis
of the criteria as follows: Criterion 1, experienced and skilled workforce; criterion 2, management
skills; criterion 3, the use of innovative technologies; criterion 4, the assessment/analysis of past factors;
criterion 5, technological process optimization; criterion 6, quality characteristics; criterion 7, the
boundaries of project managers’ responsibility; criterion 8, the processes of building and supply.

The data were inserted in the software in the same way as at the first stage. At this stage, the
company’s technical–technological potential criteria were evaluated.

All the remaining data were inserted into the software in the same way as at the first and the
second stages. After inserting all the data from the hierarchical level 2, the data from hierarchical
level 1 were inserted (criterion 1, financial risk; criterion 2, technical-technological risk; criterion 3,
project risk; criterion 4, organizational risk; criterion 5, resources management risk; criterion 6, quality
management risk; criterion 7, safety management risk; criterion 8, legal–contractual risk; criterion 9,
building risk). After inserting the data from the verbal risk evaluation scheme into the software, the
classification was started.

The classification process in the software: After inserting all the criteria used in the company’s
evaluation, the last step of comparing the criteria was made. The comparison (Figure 10) was
performed as follows: The software had chosen one of each criterion’s estimates and created their
combinations. The expert attributed the particular combination of estimates to a particular class.
For example, the expert attributed the following combination to class B (the average level): Quality
control system—average; quality management and risk management policy—average; quality and
environmental requirements—average; quality guarantee’s estimate—average.

After performing the attribution, the next step was made (by pressing the button “NEXT“).
Another combination of estimates was given. The process was continued until all the combinations
were attributed to particular classes. In performing this task, the expert could make mistakes and
change his/her judgment, which could result in contradictions in the estimates. In that case, the
software could show a warning about the presence of contradictions and ask to confirm the new
judgment or change it. By using the CLARA software, all the contradictions were removed.
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When the operation was performed, the software saved all the data and performed the analysis,
which had shown the number of DM questions, the process of making the combinations and the
number of the removed combinations. It also had shown how many evaluated combinations were
attributed to classes A, B, and C.

In the same way, the estimates of all the second hierarchical level criteria were determined.
In the considered case, ten files were analyzed based on which the contractor’s company risk level
was determined.

The estimates were inserted into the database of CLARA software (Figure 11):
The financial risk evaluation of the company includes:

• credits’ evaluation—(1),
• turnover—(0),
• liabilities to the bank—(0),
• interest rate variation—(1),
• liquidity—(0),
• profitability—(0),
• inflation—(1),
• reserves’ evaluation—(1).

The obtained data, which were entered into the software, demonstrated that the company’s
financial risk was high—class A (risky).

In a similar way, the evaluation of the company’s technical-technological risk, designing risk,
organizational risk, resources‘ management risk, quality management risk, safety risk, contractual and
legal risk, and the company’s building risk was performed. The respective database is given below. It is
connected to the criterion classification in the CLARA software. A person who wants to determine the
risk level of the building investment project has to enter the estimates of the experts into the database.

Final solution analysis: The final analysis was performed based on the data obtained in the first
hierarchical level evaluation (Figure 12). The performed final analysis allows for determining the
company’s risk level. Five criteria of the first hierarchical level were used. The classes of the evaluation
criteria are given in Figure 11.

Result: According to this data, the company was attributed to class B—low risk level.

 
Figure 12. The database (the hierarchical level 1 for the contractor).
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6. Conclusions

The analysis of the scientific literature has shown that a number of criteria, describing the activities
or projects, should be considered in evaluating social, economic, political, cultural, and other types of
risk. New methods allowing for a thorough analysis of the risks to which various activities or projects
are exposed should be used and developed.

A great number of decision-making methods and techniques have been created in the world.
Some methods were introduced as “universal” methods, allowing for achieving the best (optimal)
solutions. However, their application to solving the problems in various areas has revealed some
drawbacks of these methods as follows: They are not highly reliable, are difficult to use, and there is a
lack of alternatives.

In making investment decisions, risk assessment, and management is one of the main tasks. Risk
management is an integral part of project management and investment solutions’ assessment.

The effectiveness of applying the verbal analysis methods to solving the problems of the contractor’s
risk assessment and management was assessed. It has been found that verbal analysis methods could
be successfully used in the less structured decision-making areas involving risk assessment problems.
The analysis of the global experience has shown that the proposed risk assessment methods could not
allow the contractors to assess the risks associated with making companies’ investment decisions and
to perform multicriteria analysis for evaluating the criteria, expressed not only by discrete but also by
lexicographical values. Therefore, the verbal analysis method CLARA was offered for the solution of
this problem.

The verbal analysis method CLARA is based on multicriteria classification of the alternatives.
The algorithm (CLARA), proposed for the alternatives’ classification, helps to create complete and
compatible databases allowing the contractors to make the appropriate building investment decisions.
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