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ABSTRACT

Context. Quite often, experts are involved in the process of diagnosis and monitoring the technical condition of buildings and
structures, and in this case, situations might arise when expert data is generated under some specific types of uncertainty, and their
possible combinations. This, in turn, necessitates the development of new approaches aimed at solving the problems of structuring
and analytical processing of inaccurate, uncertain, fuzzy expert knowledge.

Objective. The methodology for choosing the category of technical condition of construction objects, including buildings and
structures, and ranking the corresponding construction objects within the given category of the technical condition according to their
degree of danger (expected damage in the event of an emergency) has been proposed in this paper. The proposed approach is based
on the expert assessment methods and the mathematical apparatus of the evidence theory, which allows operating correctly with data
generated under uncertainty, incompleteness, and inaccuracy. In order to improve the quality of combination results, it is proposed to
use one of the proportional conflict redistribution rules and determine the optimal evidence combination order based on metrics in
evidence theory.

Results. The paper proposes a methodology for the synthesis of group solutions for assessing the technical condition of civil,
industrial and military-technical construction objects, and determining objects that primarily need maintenance or overhaul under
complex forms of uncertainty and multi-alternatives. Application of the proposed methodology will allow rational distribution of
available resources when planning preventive measures and carrying out repair work (overhaul, reconstruction, etc.) to increase the

efficiency of their trouble-free operation.

Conclusions. The methodology proposed in this study constitutes the theoretical basis for the design of decision support systems
for monitoring the technical condition of residential and/or non-residential real estate (buildings, structures) for various purposes.
KEYWORDS: evidence theory, technical condition category, ranking, expert judgments, uncertainty.

ABBREVIATIONS
TC — technical condition;
Bpa — basic probability assignment;
DST — Dempster-Shafer theory of evidence.

NOMENCLATURE
Qg-l) is a vector that contains the numerical values of

the degrees of expert’s preferences formed by j-th expert
for /-th category of technical condition;

o is an optimism coefficient;

A is a set of analyzed objects (alternatives);

1

B
the degrees of expert’s preferences formed by j-th expert
for i-th analyzed object;

E is a set of experts;

H is a set of profiles of expert preferences;

K is a set of categories of technical condition of
building constructions;

is a vector that contains the numerical values of

M?) is a vector that contains the values of a basic

probability assignment of corresponding subsets;
O, is a set of analyzed objects that correspond to
(belong to) /-th category of technical condition;

P](l) is a subset of preferences of the j-th expert

regarding the analyzed objects that correspond to (belong
to) /-th category of technical condition;

RAD is a ranking of categories of technical
condition for i-th analyzed object;

RK; is a ranking of analyzed objects that belong for /-
th technical condition category;
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R,.. is a final ranking, with elements corresponding to
collective rankings of the analyzed objects for each
category of TC.

X}’) is a subset of preferences of the j-th expert
regarding the analyzed objects that correspond to (belong
to) i-th analyzed object;

d is a total number of selected subsets (groups of
elements) by j-th expert for i-th analyzed object;

m() is a basic probability assignment of corresponding
subset;

mgy+1() 1s a basic probability assignment of frame of
discernment;

mis() is a combined basic probability assignments of
my() and m;();

w; is a weight coefficient (competency coefficient) of
the j-th expert;

2% is a power-set of all possible subsets of Q,
including the empty set;

|'| is a cardinality of the corresponding subset;

@ 1is a evidence combination rule.

INTRODUCTION

In recent decades, a steady trend of physical and moral
aging of fixed assets, which include buildings and
structures, has been established in Ukraine Buildings are
subject to a variety of influences, they wear out, age,
collapse, causing their performance to deteriorate, and
over time they cease to be fit for purpose.

For example, experts estimate that about 60% of the
country’s housing stock needs major overhaul, and the
overall level of communal infrastructure deterioration
exceeds 60%.
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In this regard, the task of monitoring and evaluation of
the TC of buildings and structures acquires particular
importance to ensure safe operation and operational
reliability of building constructions and structures.
Regular monitoring of the TC of building structures is
aimed at the timely adoption of measures to prevent and
eliminate emerging negative processes in order to
increase the efficiency of accident-free continuous
operation of facilities; to develop forecasts of changes in
the TC of buildings and structures, in order to study the
dynamics of deformation processes.

Nowadays, in Ukraine, a comprehensive methodology
for evaluation and monitoring of the TC of structures,
buildings have not been approved, which would be
unambiguous, formalized, and experimentally confirmed.
Experts (specialists) in the field of structures of buildings
and constructions defects diagnosis note the absence of
clear recommendations for making justified decisions on
the TC of structures and buildings in general, fixed in the
current regulatory documents.

There is a lack of communication between the
regulatory documents; insufficient evaluation criteria
formulated, few and limited signs of classification of the
structures and the buildings to a particular category of TC.
Signs of the categories of TC of building constructions
and structures are not sufficiently developed both
theoretically and practically.

The object of study is the group expert evaluations of
TC categories of building constructions and structures,
that require structuring and aggregation in order to
synthesize collective management decisions (building
demolition, reinforcement, repair, reconstruction, etc.).

The subject of study is the models and methods of
analysis and structuring of group expert evaluations of TC
categories of building constructions and structures, based
on the mathematical apparatus of evidence theory.

The purpose of the work is to develop a
methodology for determining the category of the TC of
building constructions and structures, and selection of
considered construction objects for their renovation,
restoration, overhaul, etc. under group decision-making
process.

1 PROBLEM STATEMENT
Let us consider a set of analyzed objects (alternatives)

A={4 |i:1,_n}, a set of categories of TC of building
constructions K ={K; |/ :I,_S} and a set of experts
E={E;|j=L1}.

It is necessary to determine a TC category for each
given alternative: V4; € A,i= L_n 1(4;,K)), l=1,_s. The
pair (4;, K;) defines the belonging of the object 4; to the
category K;. And make collective expert ranking of A[(l)
for selected TC category K, which allows to choose from
a set A one alternative Al-(l) (or a few equivalent
Al(l) ~ AI(DI) ) that are most in need of overhaul, restoration
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2 REVIEW OF THE LITERATURE

A significant number of publications are devoted to
various aspects of assessment of the buildings TC. So, [1—
5] are offered the issues of reliability, physical and moral
deterioration of building structures and constructions, and
a number of methods of determination of TC of building
structures based on results of a building technical
inspection are considered. For example, [1] is studied
various test methods for building diagnosis and condition
assessment. The comparative analysis of building
condition assessment methods widely used in European
countries is carried out in [2]. The authors of the [3]
proposed a method for calculating condition index of
corrosion distressed reinforced concrete buildings based
on mathematical apparatus of fuzzy logic. Obtained index
allows evaluating condition and repair needs of the
buildings and structures.

It can bee allocate a number of works using methods
of expert estimation in a problem of diagnosis of TC of
buildings and structures [6—10]. The authors of [6, 7] have
presented a fuzzy-based assessment model, that allows to
carry out diagnostics of building structures under
uncertainty and ambiguity. In particular, the authors of the
[6] used the proposed technique for evaluating of
importance of structural assessment criteria for reinforced
concrete structures, and at the same time as the authors of
the [7] have calculated corrosion damage of bridge
superstructures. [8] proposes the methodology for bridge
condition evaluation (for maintenance actions and budget
allocation) using the Analytic Hierarchy Process (AHP)
method. The authors of the [9] have proposed the expert
assessment of model that calculates the degree of
deterioration of engineering assets with a long service-life
under uncertainty. The method of expert assessment in the
diagnosis of the TC of buildings under a limited number
of statistical data from instrumental inspection and
inaccuracy of information based on the fuzzy decision-
making methods has been proposed in [10].

At the same time, it is worth mentioning the papers
that are aimed at automating the process of assessment of
the TC of operated buildings constructions. These works
are devoted to the development and use of intelligent
systems for diagnosing the TC of building constructions
and structures [11-14]. These systems wuse the
accumulated experience and knowledge of experts and
current information about the state of the building
structure: [11] proposes condition assessment system for
sustainable constructions that uses five-point colour-
coded condition assessment rating for performance
evaluation criteria, such as risk; a prototype computing
system for safety diagnosis of middle and small-size
buildings have been proposed in [12]; the concept of
expert system of diagnostics of technical condition of
buildings and constructions is given in [13]; [14] suggests
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the concepts of expert information system for building
diagnosis based on integrative use of expert system
technology and remote monitoring technology.

An analysis of numerous publications in the field of
diagnostics of TC showed that the process of assessing
and monitoring the TC of building structures is carried
out by combining agreed and complementary research
calculation and analytical procedures, the list and
completeness of which in each case is specified by the
specialized organization conducting the survey. And an
essential place in this process is occupied by expert
assessment methods. It is imperative to select methods of
analysis and processing of expert data carefully and take
into account various forms of ignorance, such as
incompleteness, fuzziness, and uncertainty.

At the same time, quite often in practice, there are
situations characterized simultaneously by various forms
of ignorance, for example, a combination of uncertainty
and inaccuracy. The mathematical theory of evidence
(Dempster-Shafer Theory) is a useful mathematical tool
for modeling and analyzing some specific types of
uncertainty [15-17].

3 MATERIALS AND METHODS

The TC is defined by a set of properties of a building
(structure) or its elements (constructions), which is
characterized at a certain point of time by the signs
established by the regulatory and technical documentation
for this building (structure) or its elements, and reflecting
the level of operational suitability. The TC of the building
(structure) is a combination of qualitative and quantitative
indicators, which characterize the serviceability of the
building and its parts in comparison with their maximum
permissible values.

Assessment of the TC building constructions and
structures includes determining the category of the TC of
building structures taking into account the degree of
damage and the magnitude of the reduction in bearing
capacity; establishing the operational suitability of
building structures according to basic criteria or the need
for their overhaul (restoration, reconstruction, etc.). The
criteria of TC assessing depend on the functional purpose
and design of buildings and structures, the type of
building structures, the material used, and other factors.

The paper proposes a methodology for determining
the category of TC of building structures, and selecting
the considered building objects (buildings, structures) for
overhaul, within the framework of a given category of
TC, or for all categories of TC. Let us consider the stages
of the proposed methodology.

1 Determining technical
building structures

First, it is necessary to survey building constructions
and structures by wvisual inspection, instrumental
measurements, and tests in natural and laboratory
conditions. As a result of this procedure, a set of
quantitative and qualitative indicators of the serviceability
of the building (structure), its parts and structures will be
formed. Further, an expert group, which includes experts,
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representatives of building repair and construction
organizations, etc., determines the category of TC of
building constructions and structures for each object
under consideration in accordance with the set of
quantitative and qualitative characteristics of their
operational condition.

Let us consider a set of analyzed building objects

(alternatives) A ={4;|i= I,_n} , a set of categories of TC
of building constructions K ={K; |/ = I,_S} and a group of
experts E={F I | j =l,_t} , who form the profiles of expert

preferences H=1{y ;[ j = l,_t} . It is necessary to determine
a TC category for each given alternative: V4; € A,
i=ln: (4;,K;), I=1,s. The pair (4; K;) defines the
belonging of the object 4; to the category K.

The procedure of determining the TC category based
on the mathematical apparatus of the theory of evidence
consists of the following sequential iterations:

1.1 Expert preferences identification

Each expert E; €E is invited to determine a TC

category K; €K, or to distinguish some groups of TC

categories Y, ={K; |l:1,_s} ,1<s<z Y, cK, and to set
the corresponding numeric value b, within the given scale
of expert measurements, which describes the degree of
preference of the analyzed object in relation to the set of
other options (to a set K), for all analyzed objects 4; € A .

An expert can establish several categories at once, for
the analyzed object, or even refuse to evaluate them if he
is not sure about his choice. As a result of the

corresponding procedure, a set H={y; |/ :I,_t} will be

formed, each element of which represents the expert
preferences profiles of the categories of TC of the

analyzed objects y j=<X g-i ),Bg-i ) s , = I,_n Each subset

X }i) ={Y; |k :I,_d} , d< Z‘K‘ reflects the preferences
(choice) of the expert F ;€E regarding the category (s)

of the TC of the object 4; € A . Any subset of Y, contains

the preferred categories (groups of categories) of the TC
K; e K of the analyzed object 4; € A and can be built

on the basis of the next rules [15-17]:

1. Y, ={J};

2. Y ={K}};

3. Y =1k |1=1.8},g<s;
4.V, =K ={K, |I=1,s} .

(M

Thus, for each alternative A4; € A, a subset system
{X g-i) | j =ﬂ} will be formed that displays the choice of
all experts regarding the TC category of 4; € A .
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For each subset system X y) ={Y, |k =l,_d} a vector

BY) ={b, |k =1,d} will be formed, which contains the
numerical values of the degrees of preference b, of
Y ng-i) (Y, >K), selected by the expert E; for each
analyzed object 4; € A.

If the expert E; refused to evaluate 4, then we accept
that his choice is equal to X _Si) =, which reflects a

situation of complete ignorance of the expert regarding
the current choice.
1.2 Determining basic probability assignment of

corresponding subsets Y, < X y)
For each formed subset system X ;i) ={Y; | k= L_d} ,a

vector M(ji) ={m; |k=1d+1} will be obtained, the

elements of which are calculated by the next formulas
[17]:

mk(Yk)z d ’(lzlsd); (2)
i=1
__a
md+l(K)_ d 3)

i=1

The value m, ,(K) reflects the degree of complete

ignorance of E; corresponding to the object 4; € A .

1.3 Determination of the order of experts’ evidence
combination

Determination of the order of evidence combination
based on dissimilarity measures in evidence theory allows
getting more effective results of combination.

To perform this procedure, the degree of difference

between X;? and X;iz), v(jl,j2)=1,_¢, is calculated

based on e.g. the measure [18]:

4,09 M) = Lol MO b ). )
Elements of the 25 x 25 matrix D={d,},
dg,=1Z;NZ), | / Z,VZ p| measure the difference

between elements (subsets) Z; and Z, of the set 2K,

The value of d( Mg?l) ,MS%) € [0, 1] represents the

distance, which reflects the difference and expresses the

degree of conflict between MS’I) and M% .

For aggregation the corresponding values of Mg.i]) s

Mg?),
are selected which satisfy the below

min(d (M), M), v(j1.j2)=11.

At (@) @)
at each stage of combination such M il and M b

condition:
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1.4 Aggregation of expert evidence

Aggregation of expert evidence in the notation of the
mathematical theory of evidence is carried out by
combining the obtained basic probability assignments

MY ={m, |k=1d+1} for all experts E, (j=L1).

Thus, —1 combining operations will be performed.

To obtain aggregated estimates, it is recommended to
use one of the proportional conflict redistribution rules.
Since when using any of these rules, the resulting
combined basic probability assignments are formed by
adding parts of the total conflict mass or local conflict
masses to the corresponding value m(+). In this case, the
resulting subsets correspond to the original ones; new
subsets are not formed.

The combined basic probability assignments mpcgs(C)
according to the proportional conflict redistribution rule

PCRS5 (VC <2k \{J}) are calculated based on the
expression [19]:

mpcrs(C) =my(C) +
m(X)? my(¥)  my(X)? (@) | s
my(X)+my(Y)  my(X)+m(Y)

+
ve2X\(x}
XNY=g
In equation (5), m»(C) corresponds to the combined

basic probability assignments for the subset C=XNY,
which is calculated based on conjunctive consensus.
As a result of combination produce the

x0 = {Yr(,? | rk = E} , 9= Z‘K‘ —1 (except the empty

ez

set

set), will be obtained. This set contains the resulting

x®

subsets obtained by combining X 511) and 72

V( Ji» jz):ﬂ, and a vector Mg?z containing the basic
probability assignments ., (Y, r(,f)) of the resulting

subsets Yr(]i) forthe 4, € A.

1.5 Construction of the final ranking of categories of
TC for A4;

For final ranking construction, it is necessary to
calculate the values of belief Bel(X) and plausibility PI(X)
function, which in the mathematical theory of evidence
represent the upper and lower bounds of the interval that
contains the exact probability value P(X) of subset X.

The Bel(*) and PI(*) function are calculated for each

subset Yr(]? in the following way:
Bel(X) = Zm(Y) ;

vy (6)
Pi(X)=Y.m(Y). )
YNnX#J

The priority of the subset Yr(,f) is established by
comparing the
[Bel({Y5)}), PICY D)
plausibility function.

intervals
belief

obtained

formed by and
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The element (a subgroup of elements of the original
set) is considered as the best choice if belief and
plausibility function values for it are the largest among
similar values of all elements.

In the case when the considered intervals are nested,
their comparison can be carried out using the expression:

a-Bel({YO ) +(1-a)-PIYY) Ja e [0,1. (8)

The result of mathematical model construction is a
final ranking of categories of TC for each given

alternative 4;, i=1,n, that displays the choice of all
experts:
i) . g (@) (@) (@) ()
RAV (KD - KD - KD = - K3
1.6 Determination of category of TC for 4;
Next, for each A4;, a category of TC is selected that

meets the below condition: max(m2.,,,»(K;)). Thus, for each
category of TC K, a set of objects can be obtained that

corresponds to it: O; = {A[(l) |i= 1,_2} ,z<n.

At the next stage, the expert group performs the
ranking of objects (building constructions and structures)
within a given category of TC following the data obtained
at the previous stage regarding the belonging of the
analyzed object to a particular category of TC.

2 Ranking objects within a given category of technical
condition

The task is to obtain the resulting ranking of
considered objects (buildings, structures, etc.) according
to the potential damage and the significance of the object,
which makes it possible to rationally allocate available
resources during the planning of the preventive measures
and overhaul, increase the operational reliability and
stability of building constructions for military-civilian
use.

Let us consider a set of analyzed objects (alternatives)

A={4; |i:1,_n} , a set of categories of TC of building
constructions K ={K;|/= I,_S} and a set of experts
E={E;|/j= 1,_t} . At the previous stage, for each category
of TC K|, a set of objects was obtained that corresponds to

K;: O = {Al-(l) \i=1,_z}, z<n. It is necessary to make a

ranking of corresponding building constructions Al-(l)

within the given category K; by a degree of their damage
(expected damage in the event of an emergency) and the
need of an overhaul:

RK; :{Al(l) >—A§” >...>Al.(l) >-...>-A£)},or
RK; AP = AP = o 4D ~ a4l

R,., ={RK; |l =1,s}.
The procedure for constructing a ranking model for

building objects based on the mathematical apparatus of
evidence theory consists of the following steps:
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2.1 Expert preferences identification
The expert E;eE forms a system of subsets

0]

pj(_l) PV =11}, <29, PO <0, reflecting

their preferences (choice) regarding the degree of
technical wear of buildings and repair work required for

object P,-(l) (provided that |Pl»(l) |=1), or group of objects
@f | Pi(l) | >1), corresponding to the K; in accordance with
(1). Next, E; €E sets numerical values (ol(-l) that reflects
the degrees of preference Pl-(l) relative to O, in values of a

given scale of expert preferences, QS.I) = {ml(l) |i= ﬁ} .
2.2 Determining basic probability assignments of
corresponding subsets Pl-(l ) c O
Then,
P}Z) = {Pl.(l) |i=ﬁ} , a vector MSZ) ={m, |k=T+l},
that contains the values of a basic probability assignment
of subset Pl-(l), will be obtained. The elements of My)

for each  formed subset system

can be calculated using the procedure described in Section
1.2.

2.3 Aggregation of expert evidence

Aggregation of individual expert assessments is
carried out on the basis of the operation of the
combination of received expert evidence

PJ(-Z) ={Pl-(l) |i=1,f} and the corresponding values of

Mg.l) ={m |k=1,f+1} for a given category K; according

to the estimates of all experts.

The order of experts’ evidence combination is
determined in accordance with the procedure given in
Stage 1.3. It is recommended to use the rule (5) as a
combination rule.

As a result of combination procedure, in accordance
with the selected combination rule, the set

PO = (pD 1ri=Tv, v<22 -1, will be obtained,
containing the resulting subsets obtained by combining

P](.l) , (= L_t) ; and a vector Mrez(.l)

J containing the basic

probability assignments mreZ(Pr(l-l)) of the resulting

subsets Pr(il) for the category K.

2.4 Making a collective ranking of the analyzed
objects

On the next stage, the collective ranking of the
analyzed objects is formed for a given category K, in
accordance with Stages 1.4-1.5.

As a result of this procedure, a

R,., ={RK;|! =1,s} will be formed, with elements

corresponding to collective rankings of the analyzed
objects for each category of TC.

set
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4 EXPERIMENTS

The purpose of the experiment was to demonstrate the
proposed methodology for determining the TC category
of analyzed construction objects (buildings and
structures), and ranking of the corresponding construction
objects within the given TC category according to the
degree of the need of an overhaul.

The proposed methodology is implemented in a C++
development environment Microsoft Visual Studio 2017.

As an example, that shows how proposed approach
can be used in practical applications, the analysis of the
technical condition of four real estate objects of the
municipal non-residential fund has been done.

Based on the obtained quantitative and qualitative
indicators of the serviceability of the buildings and

structures under consideration A ={4; |i= 1,_4}, a group
of experts E={E; | :I,_t}, =5, was asked to put a TC

category K;, K ={K; |/ = 1,_4} , into compliance with each
of the given alternatives 4;, and for the given TC category
K, identify the one (s) Al-(l) that is (are) most in need of an

overhaul in a given scale of relations.

For the considered example, the nine-point
comparison scale was used: 1 — equal importance; 3 —
moderate superiority; 5 — significant superiority; 7 — clear
superiority; 9 — absolute domination; the values 2, 4, 6, 8
correspond to intermediate gradations [20].

The current Ukrainian regulation standards in the field
of inspection, certification, safe and reliable operation of
buildings and structures determine four categories of TC:
normal, satisfactory, not suitable for normal operation,
emergency.

5 RESULTS
At the first stage of proposed methodology a group of

experts E={E;[j=Lt}, =5 was asked to put a TC
category K, into compliance with each of the given
alternatives A ={4; |i= 1,_4}, or specify preferred groups
of TC categories.

Table 1 shows the results of an expert survey:

subgroups of alternatives (focal elements) identified by
experts and their degree of preference.

Table 1 — Degree of preference for alternatives identified

by experts
Expert preference Alternatives, 4,

E profiles, v ; A, A, A3 As

Y, c Xl(i) K; - K; - K; - K>
E1 -

b < B 7| -4 |6 -1]7

Y, ng) K| - | K|K|K|-|K

b < BY” 6| -|2]l6|7]-1|%¢

Y, c X§i) K | K| Ky - K | K | K
E3 -

by < BY 4066|1359

Y, c Xf) K|l -1K|-|K|K|K
E4 -

b < BY 6 | - | 4] -]6]3]|4

Y, cx¥ K|l -|K| -]k -|K
E5 -

by < BY 70 -6 | - |5]| -6

Next, based on (2)—3), the basic probability

assignments for each of the selected subsets of the frame
of discernment A have been calculated. The results
obtained are shown in Table 2.

The following experts’ competence coefficients values
were used: 0.2, 0.3, 0.25, 0.1, 0.15, respectively. Weight
coefficients, which reflect the competence of experts in
the analysis of the current problem can be determined, for
example, on the basis of one of the methods proposed in
[21-24].

The order of combination was established based on
the obtained metric values (4), and the resulting bpa
values were calculated based on the combination rule (5).

For the alternative 4,, the combination of the obtained
bpas was performed in the following order:

1. Combination of bpas formed by experts £, and Fs,
with min d(m;,m;) =d(m,,ms) = 0.061.

Combination results:

m15(K2) = 0794,
mi5(K) = 0.206.

Table 2 — The basic probability assignments of subgroups of alternatives identified by experts

Experts, £, Basic probability assignments, m(¥.)

A1 A2 A3 A4

E ml(Kz) =0.58 ml(Kz) =0.44 ml(K3) =0.55 ml(Kz) =0.58

! m(K) =0.42 m(K) =0.56 m(K) =0.45 m(K) =0.42

mz(Kl) =0.64 mZ(Kz) =0.16 mz(K3) =0.67 mZ(Kz) =0.64

E, my(K) =0.36 my(K3) =0.47 my(K)=0.33 my(K) =0.36
— my(K) =0.37 — —

m;(K3) =0.38 m;(K3) =0.6 ms(K3) =0.22 m;(K3) =0.7

E; ms(K;) =0.26 m3y(K) =0.4 m3(K3) =0.37 m3(K) =0.3

m;3(K) =0.36 - m3(K)=0.41 -

my(K;) =0.37 mu(K5) = 0.29 my(K3) = 0.26 my(K;) =0.29

Ey my(K) =0.63 my(K)=0.71 my(Ky)=0.13 my(K)=0.71
- - my(K)=0.61 -

E ms(K;) =0.51 ms(K3) = 0.47 ms(K;) =0.43 ms(K;) = 0.47

i ms(K) =0.49 ms(K) =0.53 ms(K) =0.57 ms(K) =0.53
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2. Combination of bpas formed by experts F; and E,,
with d(m3,m4) = 0.228.
Combination results:

m34(K1) = 0.2;
m34(K>) = 0.57;
m34(K) =0.23.

3. Combination of bpas ms(-) and msy(-), with
d(mys,mss) = 0.213.
Combination results:

myzs(Ky) = 0.073;
my345(K;) = 0.879;
m1345(K) =0.048.

4. Combination of bpas m345() and m;(*).
Combination results:

mi345(K1) = 0.34;
mi2345(K3) = 0.64;
Mi345(K) = 0.02.

Thus, the following results were obtained:

X = (K}, (Kq), (K} s
M) =10.34, 0.64, 0.02} .

rez
As can be seen from the above, the maximum value of
bpa was obtained for TC category K,. Therefore, the
alternative A, corresponds to the category K, (satisfactory
state). Similar calculations were performed for all
alternatives:

X&) =Ky}, (K3}, (K} )

rez

M@ =10.6,0.37,0.03} ;

rez

XQ) = (1K}, (K3} (K g}, (KD ) s
M®) =10.20,0.77,0.01,0.02} ;

X&) = (K} (K3}, (K )
M%) =10.66,0.32, 0.02} .

rez

The following conclusions can be drawn from the
results of our research: objects 4;, 4,, A, were assigned to
the category Kj; object A3 was assigned to the category
K.

At the second stage of proposed methodology the task
of the ranking of building objects within the category K,
was considered, for selecting the object (s) that is (are)
most in need of an overhaul.

Within the specified category, the expert group was
invited to evaluate a number of objects belonging to the
category in question. This procedure can be carried out
for ranking objects for all categories of TC.

The degree of preference of expert evidence in a nine-
point ratio scale is shown in Table 3.
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Table 3 — Degree of preference of expert evidence

Ex};;l’ts, pr]s;g;zgce Expert evidence
‘j profiles
PO cp@ A {4y, A} -
Do [ePeer | o s [
P® cp® {41} {4} s}
E, 0),(2) c 9(22) 5 4 7
PO PP | (4, 4 {44} -
D [P [ 7 [ 5 |-
P cp? {41} {4a} -
Es o ca 5 7 -
PP cP® | {4, 44} -
R N

The basic probability assignments for each of the
selected subsets of the frame of discernment were
calculated based on (2)—(3):

Expert E:
ml(Al) = 041,
my(As, A3) = 0.18;
m(A) = 0.41,
Expert E;:
I’I’lz(Al) = 023,
my (Az) = 018,
my (A4) = 032,
my (A) =027,
Expert E5:
m3(4;, A7) = 0.4;
M3(A4) = 028,
my(A) = 0.32,
Expert E4:
I’I’l4(A1) = 019,
m4(A4) = 027,
ma(A) = 0.54,
Expert Es:

m5(A2, A4) = 047,
ms(A) = 0.53.

Calculate the value of the measure (4):

d(ml,mz) = 0258,
d(my,m4) = 0.218;
d(n’Iz,H’I3) = 0220,
d(n’Iz,H’I5) = 0373, d(m3,m4) = 0197,
d(m3,m5) = 0337, d(m4,m5) =0.316.
The metric (4) reaches the smallest value for evidence
of experts E, and E,. Therefore, we are the first to
combine evidence m,(+) and my(*).

d(m,m3) = 0.288;
d(my,ms) = 0.374;
d(ma,my) = 0.174;
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The order of expert evidence combination:

1. my=my @ my; d(m,,myg) = 0.174;
2. myz=my @ ms; d(my,m;) = 0.288;
3. min3a=mi3 © myg; d(mi3,mas) = 0.197;
4. my345=M 1234 D ms,

The combination of expert evidence was carried out
on the basis of rule (5).
Resulting bpas:

mrez(Al):0'32;
mrez(AZ):()'l 175
mrez(A4):0'4 15
mrez(Aly A2)20023,
mrez(AL A4):0' 125
Meen(A)=0.01.

Based on the obtained combined basic probability
assignments, the values of belief and plausibility function
have been calculated using equations (6)—(7) for all
analyzed alternatives:

Bel({4}) = myp345({141}) = 0.32;
Ay A PIEA) = mypzas (14,1) +

+myo345 (141, A2 }) +myn3a5 ({A}) = 0.353,
Bel({4;}) = myp345(142}) = 0.117;
Pl({A4y}) = myp3as ({42 }) + myzas ({41, Ao }) +
+myp345({Aa, Ag}) + myp3as({A}) = 0.27,
Bel({A4}) = myp345({44}) = 0.41;
Pl({A44}) = myn345(144}) + myp3a5 ({A4p, Ag}) +
+myp345 ({A}) = 0.54.

A2:

A4:

The maximum degree of support represented by A, is
0.35; the maximum degree of support represented by A4, is
0.27; the maximum degree of support represented by Ay is
0.54. It can be seen from the above that the obtained
confidence intervals do not overlap and we can conclude
that the choice 4, has the highest values of the belief and
plausibility function, without using coefficient (8).

As a result of the analysis, we obtain a ranking of
alternatives of the following form: Ay > 4; > 4, .

Thus, we can conclude that among the objects
considered in the framework of the category K, the object
A4 needs reconstruction or repair in the first place.

6 DISCUSSION

The methodology for determining the TC category of
analyzed construction objects (buildings and structures),
and ranking of the corresponding construction objects
within the given TC category according to the degree of
the need of an overhaul has been proposed in this paper.

The peculiarity of the proposed approach lies in the
fact that, based on the obtained quantitative and
qualitative characteristics of TC of the analyzed objects
for each TC category, the ranking of the analyzed objects
has been built. After performing this procedure, based on

© Shved A. V., 2019
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the expert evidence, each object of expertise can be put in
line with the TC category. Thus, for each object of
expertise, it is possible to establish priority TC categories,
and accordingly for each category of TC to determine the
objects corresponding to it.

Unlike  existing  approaches, the  proposed
methodology is focused on the analysis of group expert
assessments under multi-alternativeness and allows
synthesizing collective ranking taking into account
specific ~ types of  uncertainty  (inconsistency,
incompleteness, inaccuracy and others) under the
influence of which expert judgments are formed. Such
benefits are achieved by using the expert evidence
combination mechanism, for the aggregation of individual
expert assessments based on the mathematical apparatus
of evidence theory, and proportional conflict
redistribution rules.

The mathematical apparatus of evidence theory allows
modeling the uncertainty in expert judgments through the
presentation of inaccuracies in expert assessments (an
expert can refuse to evaluate a specific object, evaluate a
group of priority objects at once). The absence of
limitations on the form of expert data (interval or crisp
expert estimates) enables the expert to express his opinion
on the subject under consideration as accurately as
possible, which in turn would allow increasing the
efficiency of his work.

The above numerical calculations show the
effectiveness of the proposed approach under conditions
of incomplete (an expert may refuse to evaluate an object)
and conflicting (inconsistent) expert information.

The proposed approach can be used as an addition to
existing methods for evaluation of the TC of buildings
and structures, and selection of priority objects for further
reconstruction and overhaul.

CONCLUSIONS

The methodology for the synthesis of group decisions
to determine the TC category of military-civilian
construction objects, including buildings and structures,
and selection of the construction objects for the
reconstruction, overhaul under uncertainty of the expert
data, has been proposed in this paper. The application of
this technique will improve the efficiency of trouble-free
operation of military-civilian objects.

The scientific novelty of obtained results lies in the
fact that the method for aggregating the expert judgments
of TC categories of building constructions and structures
under group decision making, based on the mathematical
apparatus of evidence theory, has been improved. By
contrast to existing group expert’s evaluation methods,
which are based on the mechanism of pairwise
comparison, the proposed technique allows to remove
restrictions on the number of analyzed objects of
examination, and the necessary condition for the
consistency of expert’s assessments. The obtained results
are adapted to the features of the analysis of group expert
assessments formed under large expert groups, complex
types of uncertainty, multi-alternatives, conflicting, and
contradicting expert judgments.
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The practical significance of obtained results
indicates the possibility of applying a qualitatively new
approach to solving the problem of the TC evaluation of
military-civilian objects under uncertainty and inaccuracy
of the expert data. The proposed approach constitutes the
theoretical basis for the construction of an automated
decision support system for implementing projects of the
TC assessment of military-civilian objects.

Prospects for further research are to develop
scientifically based approaches to obtaining objective and
reliable expert information that would improve the quality
and reliability of the received expert evidence; to state
methods of formation of the composition of an expert
group in accordance with expert level of competence.
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YK 519.816:624
CHUHTE3 I'PYIIOBUX PIIIEHD B 3AJJAYI AHAJII3Y TEXHIYHOT'O CTAHY BYAIBEJIBHUX OB’€EKTIB
BIVICbKOBO-IIUBLJIBHOT'O ITPU3HAYEHHSA

IBex A. B. — xana. TexH. HayK, JOLEHT Kadeapu imkeHepil mporpamHOro 3abesrnedeHHs YOPHOMOPCHKOrO HAIlliOHAIBHOTO
yHiBepcutety imeni [Terpa Morunu, Mukonais, Ykpaina.

AHOTAIIA

AKTyaJbHicTb. JIOCHTh YacTO MpH MPOBEACHHI NpOoLEAyp HIarHOCTHKU i MOHITOPHHTY TEXHIYHOTO CTaHy OyIiBens i cnopyn
3aTydaroThCsl €KCIepTH-(axiBli, IPH [bOMY BHHHMKAIOTH CHUTYyalii, KOJIHM JaHi, OTPUMaHi eKCHEPTHHM LUIIXOM (OPMYIOTECS B
YMOBax CeMU(iYHUX BHIB HEBU3HAYCHOCTI, Ta IX MOXKIMBHX KOoMOiHamii. [le 00yMOBITIOE€ HEOOXITHICTH PO3POOKH HOBHX ITiIXO/IIB
CIIPSIMOBAaHMX HA BUPIIICHHS 3aBJaHb CTPYKTypu3alii Ta aHaNITHYHOI 0OpOOKM HETOYHMX, HEBH3HAUCHHX, HEYITKUX EKCIIePTHHX
3HaHb.

Meroa. 3anpornoHoBaHa B po0OOTI METOOMKA CHpPAMOBaHA HAa BH3HAYEHHS KaTeropii TEXHIYHOrO CTaHy Ta PaHXKyBaHHS
BIZMOBIIHKX OymiBETbHUX 00’€KTIB B paMKax 3a7aHOi KaTeropii TEXHIYHOrO CTaHy 3a CTyNeHeM ix HeOe3meku (04iKyBaHOTO 30MTKY
MPY HACTaHHI aBapiiiHOi curyarlii). B OCHOBI 3aIpPONOHOBAHOT METOAMKH JIe)KAaTh METOAM CKCIICPTHOTO OI[IHIOBAHHS Ta METOIIB
Teopii CBiOUTB, SKi JO3BOJSIOTH 0OPOOIATH SKCIEPTHI CYKEHHS ¢(hOPMOBaHI B YMOBaX HEBU3HAYCHOCTI, HETIOBHOTH, HETOYHOCTI.
3 MeTOIO MiABUIIEHHS SIKOCTI Pe3yJIbTaTiB KOMOIHyBaHHS 3alPONOHOBAHO BUKOPHUCTOBYBATH IIPABHIIA EPEPO3IOALTY KOH(MIIIKTIB Ta
BH3HAYATH MOPSIIOK KOMOIHYBaHHS €KCIIEPTHIX CBiJOITB HA OCHOBI METPHUK TEOPIT CBIZIONTB.

PesyabTaT. B po6oTi 3anpornoHOBaHO METOIMKY CHHTE3y TPYNOBUX PIlICHb OLIHKU TEXHIYHOTO CTaHy 00’€KTiB IMBLIBHOTO,
IIPOMHCIIOBOI'O Ta BifiCBKOBO-TEXHIYHOrO MPU3HAYEHHs, Ta BU3HAUYCHHS TAKNX 00 €KTIB, SIKI IIEPIIOYEProBO MOTPEOYIOTh PEMOHTHO-
OymiBenbHUX pOOIT (KamiTalbHOrO PEMOHTY, PEKOHCTPYKIii TONm[O) B yMOBax CKIagHUX (OPM HEBH3HAYCHOCTI Ta
OaraToaJbTEepPHATUBHOCTI. 3aCTOCYBAaHHS 3alPOIIOHOBAHOI METOJMKH JJO3BOJIUTH PAIliOHAIBHO PO3HOAUIATH HasBHI PECypcH IIpu
MJIaHYBaHHI TONEPE/PKYBAIIHUX 3aXO0/IiB 1 IPOBEACHHS PEMOHTHHX POOIT 3 METOIO 3amo0iraHHs MOMJIMBMX HETaTMBHHMX HACIIAKIB
(oOMekeHHsI Ipare31aTHOCTI, aBapifHOTO CTaHy) Ta MiABHIIECHHS e()eKTHBHOCTI iX Oe3aBapiiiHOI eKcIuTyaTaitii.

BucHOBKH. 3amporoHOBaHa METOJHMKA CTAaHOBUTh TEOPETHYHE MiAIPYHTS JUIS [POCKTYBAHHS CHUCTEM MiATPUMKH NPUAHSITTS
pIIeHHS 3a7a4 MOHITOPHHTY TEXHIYHOTO CTaHy 0O0’€KTIB JKHTIOBOI Ta HEXHTIOBOI HepyxomocTi (OyniBenb, cCHopynd) pi3HOro
TIPU3HAYCHHSI.

KJIFOYOBI CJIOBA: Teopus CBiJOITB, KaTEropisi TEXHIYHOIO CTaHy, paH)XyBaHHs, EKCIIEPTHI OI[IHKH, HEBU3HAYEHICTb.

YK 519.816:624

CHUHTE3 I'PYIIIOBBIX PEIIEHUI B 3ATAYE AHAJIM3A TEXHUYECKOI'O COCTOsIHUSI OFBEKTOB
BOEHHO-TPA’XKAAHCKOI'O HABHAYEHUA

IIBex A. B. — xaHj. TexH. HayK, JIOIEHT Kadeapsl HHXKEHEPUH MIPOrpaMMHOro odecredeHns YepHOMOPCKOT0 HAIMOHAIBHOTO

yHuBepcurera uMenu Ilerpa Morunsl, Hukonaes, Ykpanna.
AHHOTANUA

AKTYaJIbHOCTB. J[0CTaTOUHO 4acTO U NPOBEACHUU IPOLEAYP AUATHOCTUKY XU MOHUTOPHHIA TEXHUUECKOI'O COCTOSIHUS 31aHUH
U COOPY>KEHUH MPUBIEKAIOTCS 3KCIEPThI-CIELUATNCTHI, IPH 3TOM BO3HUKAIOT CUTYallUH, KOT/a JaHHbIE, TOMyYEeHHbIE SKCIIEPTHBIM
myTeM, GOPMHUPYIOTCS B YCIOBUSAX CIIEHU(PUUECKUX BUJOB HEONPEIEICHHOCTH, 1 UX BO3MOXKHBIX KOMOMHALMKA. DTO B CBOIO OYepelb
o0ycaBIMBaeT HEOOXOAMMOCTh Pa3pabOTKM HOBBIX IOAXOIOB HAMPABICHHBIX HAa pEIICHHE 3a4ad CTPYKTYPHUPOBAaHUS U
AHAINTHIECKOH 00pabOTKH HETOUHBIX, HEOTPEIECTECHHBIX, HEUETKHX IKCIEPTHBIX 3HAHHUH.

Metoa. B pabore mpennoxxeHa MeTouKa BEIOOpa KaTErOPHU TEXHUYECKOTO COCTOSHUS M PAHXXHPOBAHHS COOTBETCTBYIOLIHX
CTPOUTENIFHBIX 00BEKTOB B paMKax 3alaHHOI KaTerOPUH TEXHUYECKOTO COCTOSHHS MO CTETIEHH MX OIIAaCHOCTH (0XKMIaeMoro ymepoa
NP BO3HUKHOBEHHH aBapHHHOI cHTyanuu). B OCHOBE Npemyio)XeHHOW METOJMKH JIeKAT METOABI SKCIIEPTHOTO OLICHMBAHUS U
TEOPUH  CBHJETEILCTB, KOTOPHIE II03BOJISICT KOPPEKTHO OIEPUPOBaTh C JaHHBIMH, C(OOPMHPOBAHHBIMH B  YCJIOBHSX
HEONPENEeTICHHOCTH, HEMOJIHOTH, HETOUHOCTH. C IIeTbI0 MOBBIIEHHUS KauecTBAa Pe3ylbTaTOB KOMOMHHPOBAHUS TMPEII0KEHO
UCIIONIB30BATh IIPABHJIA INEpepacrpeseleHus] KOH(QIMKTOB M ONPENEIATh ONTHMAJbHBIA MOPANOK KOMOMHHPOBaHHS Ha OCHOBE
METPHK TEOPHUH CBHJECTEIBCTB.

PesyabTathl. B paboTe mpemioxkeHa METOAWKA CHHTE3a TPYNIIOBBIX PEMICHHI OIEHKH TEXHHYECKOTO COCTOSHUS OOBEKTOB
IPa’kaHCKOTO, MIPOMBIIUIEHHOTO M BOGHHO-TEXHHYECKOTO HAa3HA4YCHUS, U ONpEeAeNeHHe OOBEKTOB, KOTOPHIC B MEPBYIO OYepelb
HYXJAIOTCS B IIPOBEICHHU PEMOHTHBIX pPA0OT (KAaNMTAIBHBIA PEMOHT, PEKOHCTPYKIHS M T.JA.) B YCIOBHUS CIOXHBIX (OpM
HEOIPEJIETICHHOCTY ¥ MHOI0aJbTePHATUBHOCTH. IIpyMeHeHue NpeasokKEeHHOM METOAMKU IO3BOJIUT PALlMOHAIBHO pacIpeleisaTh
HMEIOIINECs] Pecypchl INPH IUIAHUPOBAaHHMU TPENYIPEIUTEIbHBIX MEPOIPHUITHH W IPOBEICHUS PEMOHTHBIX pabOT C ILENbIo
NOBbINIEHHS 3P (HEKTUBHOCTH HX Oe3aBapUiHHON SKCILTyaTalliH.

BeiBonnl. [IpeqioxeHHas METOMKA COCTABIISIET TEOPETUIECKOE OCHOBAHUE ISl MPOSKTUPOBAHHS CUCTEM MOJEPKKH MPUHATHS
pelIeHus 3aa4 MOHUTOPHHTa TEXHHYECKOTO COCTOSHHS 00BEKTOB JKMIION U / MM HEXHJIOH HEIBIDKIMOCTH (3aHUI, COOPY>KEHUI)
Pa3sHOrO Ha3HAYCHHS.

K/IIOYEBBIE CJIOBA: Teopus CBUAETEILCTB, KATErOPUsl TEXHUUYECKOIO COCTOSHUS, PAaHKUPOBAHUE, DKCIIEPTHBIC OLICHKU,
HEONPEJIETIEHHOCTb.
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