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Abstract. Recently, more and more attention in scientific literature has
been drawn to improving the sustainability of organization. The growth in
the volume of high-rise construction in Russia makes the task of assessing
and ensuring the sustainability of organizations and enterprises leading this
type of construction very relevant. The article considers the approach to
assessing the sustainability of the organization's activities in the context of
functioning of quality management system (QMS). It puts forward the
hypothesis that assessment of sustainability of an organization that has a
real and efficient functioning quality management system can be based on
the results of assessing the effectiveness of the QMS. The article describes
in sufficient detail the sequence of actions to form a list of criteria for
assessing the effectiveness of the QMS and sustainability of the
organization, and to evaluate both characteristics on the basis of these
criteria. For a clear interpretation of the results obtained, the authors use
so-called petal diagrams. It suggests an original approach to their creation
and analysis. Based on the results of the study, the authors conclude that in
order to assess the sustainability of enterprises and organizations analysis
of the dynamics of changes in the basic sustainability factors is mandatory.

1 Introduction
The current period of development of construction in Russian Federation is
characterized by the creation of unique structures and architectural and building complexes,
forming increasingly complex construction and operation systems. High-rise construction,
original planning and structural solutions of structures based on the achievements of high
technologies and modern engineering solutions, represent the progressive tendencies of the
modern construction complex.
In these context enterprises and organizations of the sector pay great attention to the
quality of housing construction [1, 2], to the improvement of the efficiency of management
decisions and sustainable development [3, 4, 5], to the mitigation of risks in construction
[6-8]. These issues are especially relevant for design and construction organizations of
high-rise construction that have implemented the quality management system (QMS). As
noted in [8], the existence of an existing system of quality management and a certificate for
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it indicates that the company can be trusted, that the risks in the company are predictable,
and the identified nonconformities are eliminated along with the causes for their
occurrence. The basis of any effectively functioning QMS according to the ISO 9001
standard is the principle of continuous improvement. The organization in which the QMS is
functioning effectively is in a state of continuous improvement of its activities, and such an
organization will always be sustainable. That is why to assess the sustainability of the
organization that has implemented the QMS, it is necessary and sufficient to assess the
effectiveness of the QMS of this organization. Assessment is proposed to do in the light of
the approach outlined below.

2 Methods
At the first stage, it is necessary to form a list of indicators on the basis of which an
assessment of the effectiveness of the QMS of the organization will be conducted. The
actions of this stage are described in detail in a series of publications [9, 10]. The choice of
the initial set of indicators is proposed to be carried out on the basis of the cause-effect
"Fishbone" (Ishikawa) diagram [11]. The set of indicators is formed on the basis of the 5M
rule that is taking into account the five main factors: machines, materials, man, methods
and measurements [12]. For each factor, a set of risks is defined, the manifestation of which
is possible during the functioning of the organization, as well as a set of criteria that allows
assessing the effectiveness of measures to reduce the impact of these risks on the
functioning of the QMS and, as a consequence, on the sustainability of a organization.
The base of the second stage is the application of an expert approach for ranking a set of
indicators for assessing the sustainability of the organization and selecting the most
significant indicators. A group consisting of K experts, using the group assessment method
(for example, Delphi method or the "Brainstorm" method), forms the final set of criteria for
assessing the effectiveness of the QMS functioning for each factor. This set can contain N
indicators, each of which, according to experts' general opinion, reflects in some way the
effectiveness of the QMS. Then each expert is invited to order the indicators included in
one of the five factors in terms of importance, ranking the indicators of each factor in the
range from 1 to N. In this case, the value 1 will correspond to the most significant indicator,
and the value of N will be the least significant. Work with each expert at this step is carried
out separately, which allows experts to express their opinions regardless of the opinions of
colleagues. As a result of this step, a matrix of expert assessments of the criteria is formed,
the rows of which correspond to the criteria being evaluated, and the columns to the experts
making the assessment. The matrix element Oij (Table 1) is the numerical value assigned to
the i-th indicator by the j-th expert.
Table 1. Matrix of expert estimates of criteria.
Criteria
1
2
…
i
…
N

1

2

…

Experts
j

…

К

Oij

Columns are added to the matrix, which reflect the total score of each of the indicators, as
well as the average value of each indicator, taking into account the views of all experts.
When ranking indicators, experts should take into account both the sectoral features of
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construction and the characteristics of enterprises of high-rise design and construction. An
example of a matrix of expert assessments is presented in Table 2.
Table 2. Ranking of indicators within an individual factor.
P11
P12
P13
P14
P15
P16
P17
P18

E1
3
7
4
8
5
1
6
2

E2
2
8
4
7
6
3
5
1

E3
2
7
5
8
4
1
6
3

E4
3
8
4
7
6
1
5
2

E5
3
8
4
7
5
2
6
1

E6
2
8
4
7
6
3
5
1

E7
3
7
4
8
5
1
6
2

E8
3
6
4
8
5
2
7
1

E9
3
8
5
7
4
2
6
1

E10
2
8
4
7
5
3
6
1

Sum
26
75
42
74
51
19
58
15

Ave
2,6
7,5
4,2
7,4
5,1
1,9
5,8
1,5

To judge the degree of consistency of the opinions of experts participating in the
ranking of indicators, it is necessary to calculate the coefficient of variation of the estimates
of Vi and the concordance coefficient W. The variation coefficient Vi is calculated for each
i-th index and reflects the degree of agreement of experts' opinions about the relative
importance of this indicator:
σi
Vi = ,
(1)
Ci
where σi = √Di is the standard deviation of the estimates of each of the indicator and
1

2

Di = ∑kj=1(Cij − Ci ) is the variance of the estimates.
k
Estimating expression (1), we can conclude that the smaller the value of Vi, the level of
consistency of experts' opinions is higher.
To determine the degree of consistency of the group opinion of experts as a whole for the
aggregate of indicators within a certain factor, the concordance coefficient is used:
(2)
12ΔS 2
Wi = 2 3
,
k (n − n)
where ΔS2 - a measure of the degree of consistency of judgments of experts, which is
determined by the formula:
n
(3)
n+1 2
2
2
ΔS = k ∑ [ri −
]
2
Substituting ΔS2 in (2), we obtain:
Wi =

i=1

n+1 2
]
2

3
n −n

12 ∑ni=1 [ri −

(4)

The concordance coefficient can take values from 0 to 1. For W = 0, the experts' opinions
practically do not coincide. The value W = 1 shows that the experts practically rank the
indicators in terms of their importance. The dynamic variation of W from 0 to 1 reflects an
increase in the degree of consensus among experts.
Then the experts again jointly discuss the results and determine the "feature line". By
"feature line" we mean the sum of all estimates of one indicator, which is still considered
by experts to be worthy of consideration. Indicators with a total score greater than the
"feature line" are excluded from further processing. It is proposed to leave six of each
factor as significant indicators, thus, the feature line will be the total score of 60 points.
The next step is to process the resulting sample of significant criteria. For each criterion,
average expert judgment is determined, and then the rank of the criterion in points is
calculated. It is assumed that the sum of the quantities inversely proportional to the average
estimates of each criterion corresponds to 100 points, and the rank of each criterion in
points is proportional to the value inversely proportional to the average criterion estimate:
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K

where ij

Bij
Ri =
∗ ∑ Bij,
100

K

= ∑K Oij .
j

(5)

j=1

The rank of each criterion is rounded to an integer, subject to the restriction that the sum of
the ranks of all criteria is 100. The total score of all the criteria identified by experts, equal
to 100, corresponds to the "ideal" state of an effectively functioning quality management
system. This condition assumes the fulfilment of all the requirements of ISO 9001: 2015.
Finally, the experts again jointly discuss the rules for determining the actual indicators for
meeting the requirements of the standard for the selected QMS functioning criteria. For
example, for the criterion "Number of claims received from consumers", these rules are
presented in Table 3.
Table 3. Rules for adjusting the value of the rank of the criterion.
Criteria name Value range

The range of values

Points

Number of claims from
consumers

No claims
Less than 3 claims
3 to 5 claims
More than 5 claims

Maximum points
Minus 3 points
Minus 6 points
Minus 8 points

In the third stage, the sum of the scores of the significant criteria calculated for the
current year is compared with the lower limit of the score for the quality management
system, the functioning of which can be considered effective. As a rule, according to
existing methods of assessing the effectiveness of QMS functioning, the boundary is
usually set in the 72-74 points area. If the calculated sum of points of the current year is less
than the specified limit, the functioning of the QMS of the construction industry
organization is considered ineffective and it is recommended to develop a set of corrective
actions aimed at eliminating the causes that reduce the effectiveness of the QMS. Absolute
stability of the organization is achieved if all factors have a value of at least 74 points.

3 Results
If at least one factor goes beyond the stability line, then it is considered that the
organization loses its stability. To assess the general state of the organization, it is
necessary to analyze the state of the factor level with the help of a petal diagram, the
general form of which is shown in Fig. 1.

Fig.1. A petal diagram to assess the stability of the organization based on the 5-factor model.
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To interpret the results of assessing the values of factors reflecting the sustainability of
the activity of a organization in the construction industry, we introduce three regions of
stability: a stable state (green zone), an unstable state (yellow zone), and a critical state (red
zone). Define the boundary values for each of these zones. So in the green zone there are
factors whose values can range from 100 to 74 points. In the yellow zone, the values of
factors are determined from 74 to 60. The red zone reflects the values of factors from 60 to
0. Depending on the values adopted, the factors can be unevenly distributed within these
three zones. Let's consider the basic variants of an arrangement of values of factors which
can arise in the course of an estimation of stability of activity of the organization of highrise construction. Suppose that all factors considered in the current period have values that
fall within the range of values of the green zone. In this case, you can call the state of the
organization sustainable. This state is the most preferable for any organization, since it
speaks of an effectively organized activity. However, in this case the position of the factors
within the zone itself is important: factors that are located close to the lower boundary of
the zone require special attention from the management of the organization. Otherwise,
there is a high probability of an organization moving from a stable state to an unstable state
or even a critical state. It is these factors that require targeted impacts through activities
aimed at reducing the likelihood of risk occurrence or its complete elimination.
In the conditions of high competition and scarcity in resources that have developed
recently in the construction market, the absolutely stable state of the organization for
organizations in the construction industry is not a frequent phenomenon. The state where
one or more factors are outside the green area in the yellow zone is called unstable. The
main task in such a situation is to identify these factors and develop corrective actions for
overcoming the unstable state and transition from an unstable situation to a sustainable
situation. The selection of optimal measures is important, as a result of which, the
organization will not be in an even worse position.
There is a situation in which one or more factors are in the critical red zone. Other
factors may be in the yellow or even green zone. In this case, the organization is in a
critical, near-bankruptcy state. Such organizations require a special strategy to overcome
the crisis situation.
Assessing the stability of an organization at any point in time does not provide
exhaustive information about the development of the organization [13]. That is why it is
advisable to assess the state of the factors of sustainability in the dynamics: if the value of
the factor has a positive dynamic, we can speak about the effectiveness of measures to
increase sustainability within this factor. If the value of the factor acquires a border stable
state, then one should also evaluate the dynamics, specifying whether it is positive or
negative. Particular attention should be paid to those factors, the dynamics of the values of
which have a negative value, which corresponds to the tendency to deterioration of
stability.
The stability of the organization is proposed to be evaluated by comparing the values of
the factors for the current year and the previous year. An example of a diagram reflecting
the dynamics of factor values for 2 years (previous and current) is shown in Fig 2. Analysis
of the diagram shows that the values of factors F1, F4 and F5 tend to increase, the value of
factor F2 decreases, the value of factor F3 remained unchanged. At the same time, despite
the increase in the value of factor F4, the stability of the organization within this factor is
considered not achieved, in contrast to the values of the factors F1 and F5, within which the
organization has taken a stable position. From the results of the analysis it follows that
special attention is paid to factors F2 and F4.
On the basis of the obtained data on the dynamics of the efficiency factors of the QMS
of a organization, in addition to evaluating each factor separately, it is possible, if
necessary, to calculate the integral indicator of the organization's stability.
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Fig. 2. Dynamics of values of factors reflecting the stability of the organization.

4 Discussion
As noted in [14], in the general case, the complex stability of the organization of the
construction industry can be described by the following function:
(6)

У(t) = f {F1 (t); F2 (t); F3 (t); F4 (t); F5 (t)},


where F1 (t), F2 (t), . .. , F(t) are the factors influencing the complex stability of the
organization.
The interpretation of the values of the complex stability function is presented in Table 4.
Table 4. Interpretation of the values of the complex stability function
Function Value у(t)

Level of stability

0 ≤ У(t) ≤ 0,6

Critical state of organization

0,61 ≤ У(t) ≤ 0,73

Unstable state of the organization

0,74 ≤ У(t) ≤ 1

Stable state of organization

The basis of calculations of the evaluation is to be based on the degree of compliance with
real radar chart of an ideal chart, which represents the absolute stability in all factors.
Geometrically, the value of the integral indicator for an ideal system can be compared to
the area of the figure, which is a regular polygon (in the presented version - a pentagon)
with a diagonal of 100 (Fig. 3).

Fig. 3. Dynamics of factor values, reflecting the stability of the organization.
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The lower boundary of the stability zone will correspond to the area of the polygon with the
diagonal Fi min. The minimum value of the integral indicator of stability of the organization
is calculated by the following formula:
1
360
(7)
Smin = Fi2min ∗ sin
∗ n,
2
n

where Fi min is the minimum permissible value of the i-th factor (not less than 0.74), n is the
number of factors.
When determining the integral indicator of sustainability, the basic condition of the
complex stability of the organization must be fulfilled - all factors entering the integral
indicator should have a value of at least 0.74. Only in this case it makes sense to evaluate
the dynamics of the integral indicator. When assessing the sustainability of the
organization, it is advisable to assess the state of complex sustainability in dynamics, which
allows us to evaluate the correctness of management decisions, as well as monitor the
dynamics of the organization's sustainable development:
(8)
ΔS = Scurrent − Sprevious ,
where Scurrent - the value of integrated sustainability in the current year,
Sprevious - the value of complex sustainability in the previous year.
If the value ΔS> 0, then the activity of the organization under consideration is effective and
has a sustainable development.
Thus, assessing the results of the current period and comparing them with the results of
the previous period, we can conclude on the level of sustainability of the activities of the
organization, as well as the effectiveness of management decisions.

Conclusions
The approach proposed in the article can be seen as a useful tool for practical assessing and
ensuring the sustainability of construction organizations and enterprises and as tool for
theoretically predicting the future’s needs along with the success of a business model.
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