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porentyey 0. OF EXPERT ASSESSMENT IN THE
DIAGNOSIS OF THE TECHNICAL
CONDITION OF BUILDINGS

O6’ckmom docrioncenns € inpopmauitini memoou ma mexnorozii diaznocmuxu 6yoisenv 3 GUKOPUCTIAHHIM
incmpymenmapio meopii newimxux muoxcur. OOnuM 3 HAUOLILUL NPOOIEMHUX MICUL € GIOCYMHICID CUCTEMU
inmenexmyanvnux memoodie diaznocmyeanis na 6a3i HAKONUUCHUX 3HAHL eKCNePmis i NOMOUHUX 6i0oMocmell
npo cman 6ydieeav. B x00i 0ocuioncenns UKOPUCMOBYBANUC eKCNEPMHI OUIHKU 00CMeNCeHHs MeXHIUH020
cmany 00°ckmis, K 0cHO8U 0Nl NPO2HO3Y6anns ix naditnoi excnayamayii. Ompumano Memoouxy excnepmuozo
ouiniosanms npu obcmedncenni mexuiuinozo cmany 6ydisenv. 3anpononosana Memoouka mMae cmpyxmypy, aKa
nepedbauae Gopmysanis 03Hax NOWKOONCeHs Yepe3 PAnICYEanis, PopMysanis excnepmmuol zpynu, popmyeanis
npasuUL pobomu eKcnepmuoi epyni, OUiHI8aNHHI CIMYNEHIo Y3200A4CeHOCMi OYMOK eKCNepmis, KiIbKiCHe OUiHI08anHs
osnax nowkooxcenn. Ilpu maxomy nioxooi 3’s16As€MbCst MONCIUCICID OMPUMAIHS 0OTPYHIMOBAHUX DE3YLLMATNIG
npo HAAHICML Ma CMYNiHL NOUWKOONCEHD MA MONCIUCICMb CNIBCMABIEHIS Pe3YIbMamie i3 nouamro6UMU, U0
xXapaxmepusyoms paniuie npogedeni 00cmedncens mexniuinozo cmany. 3anpononosanuil nioxio cnpuse 6u-
3HAUEeNOCMi NPU PO3NIZHABANHT CMANIe KOHCMPYKYil Oydisenv 8 YyMosax 00MeNCeHOCmi CIAMUCIIUYHUX OaHUX
3 THCMPYMEHMALLHUX 00Cedcels ma HeMmOUHOCML iHpOpMayii, SKa TPYHMYEMbC HA OUPEKMUBHUX MEMOOAX
obcmedicenn. Y nopieuanii 3 iMoGipHicHuMU nidxo0amu ma Memooamu meopii HeuimKux MHONCUN PO3ZLAHYMULL
nioxXi0 BUKOPUCTMOBYE MeOPTI0 BUMIPIOBAIL A MAMEMAMUYHOT CIMAMUCTIUKY MA 000A€ 6NEeGHEHOCI eKcnepmy
npu 00rpyHmysanii Heobxionozo OuiHIOEANH CMAY KOHCMPYKUiLL. Y po3pobieniil memoouyi cmynens ma zaubuna
eKCNepmi020 OUinI8aNHs KOHCMPYKYii 0ydieni 3 Memoro npueedenis yciei cucmemu 8 HOPMALLHULL MeXHIUHUIL
cmai nposooUMbCs uepes Hmyimueno -102iunull Anaiis npooieMm 3 AKICHUM MA KIbKICHUM OUIHIOBANHAM CYONCeHb
i popmanvium 06pobrennam pesyivmamis. 3abe3neuyemocs MONCIUGICNG GUPTULYEAMU 3AB0AHNS OUTHIOBANISL
8 YMOBAX GIOCYMHOCTT UACTRUNU BANCIUBOL IHPOPMAli.

Kmiovosi cnosa: diaziiocmuka mexniunozo cmany 6yoieeiv, Komn lomepusayis memodis 0iazinocmukiL, eKcnepmiue
OUIHIOBAHHSL.

1. Introduction of a large number of different in strength and durabi-
lity of structures and materials, it is difficult to predict

Forecasting of the deterioration of the building and the service life as a combination of the service life of
determining the timing of repairs is a complex multifacto- each element separately. Supervision of the object, reduced
rial task. In connection with the presence in the building or operated, is designed to obtain information about its
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technical condition. Supervision measures are continuous
observations and periodic technical inspections of the fa-
cility, which track:

— compliance with the rules of technical operation,

technical condition of the structural system, individual

structures and engineering systems;

— periodic planned and unscheduled inspections of the

facility;

— instrumental (periodic or permanent) monitoring of

the state of an object, its individual elements or systems.

In modern construction, when diagnosing a technical

condition, a large array of information methods is used

to create a system for a comprehensive assessment of
this state.

A special place in information technology is occupied
by content on the diagnostics of buildings, where along
with the operations of obtaining, accumulating, searching
and managing of information flows, the most knowledge-
intensive processes are being maintained-the actual creation
of information products. Among many applications of these
technologies is the computerization of intelligent diagnostic
methods based on the accumulated knowledge of experts
and current information on the state of buildings. When
building and operating a building it is important to assess
the nature and risk of damage. This diagnosis is the basis
for a rational choice of means to maintain the building stock
of Ukraine in the state. Crucial to ensure the reliability of
the results of expert assessment is their processing. There-
fore, now it is relevant to study the theory and practice
of probabilistic statistical modeling of expert methods for
predicting the state and parameters of building structures.

2. The ohject of research
and its technological audit

The object of research is a system for assessing the
properties and parameters of buildings when monitoring
the technical condition of buildings.

One of the most problematic places is the presence of
design flaws, which arise as a result of incompleteness of
engineering surveys, inaccuracies in the initial data, errors
in calculations, acceptance of unreasonable design decisions.
The possibility of taking into account all factors when
establishing the effectiveness of means and methods of
geodetic work is not obvious. Since the factors affecting
it are fuzzy, decisions depend on technological, techni-
cal, metrological criteria, on the subjective approach of
the executors of work and even on the natural factors
in which geodetic work is performed. As a result, it is
necessary to decide on the choice of the most suitable
methods for performing geodetic work.

To solve this problem, let’s apply elements of fuzzy
logic, expert assessments and define:

— possible methods and means of performing geodetic

work for each installation operation;

— factors affecting the choice of methods and means

of geodetic work;

— the degree of belonging of these factors to a specific

method and means of performing geodetic work;

— the degree of importance of the influence of these

factors on the choice of methods and means of geodetic

work;

— the truth value for each method (this is the value

characterizing the correspondence of all factors of the

geodetic work method for each installation operation).

That is, for each installation operation, one value is

defined that characterizes the total degree of belonging

of all factors to a particular method.

If possible methods and means of geodetic work and
the factors influencing this choice can be fairly clearly
determined from the experience of surveying, then the
degree of belonging and the degree of importance can
only be determined subjectively. To increase the reliability
of the choice of these quantities, it is necessary to use
expert opinions of experts in the field of geodetic and
installation works for this purpose.

3. The aim and ohjectives of research

The aim of research is building an expert assessment
methodology for diagnosing the technical condition of
buildings.

To achieve this aim, it is necessary to perform the
following tasks:

1. To determine the sequence of formation of damage
signs for assessment.

2. To determine the principles for the formation of an
expert group and create an assessment structure for each
expert on all signs of damage.

4. Research of existing solutions
of the prohlem

Among the main ways to solve the problems of ex-
tending the term of reliable operation of buildings are
the questions of assessing their technical condition by
various methods. From the world scientific periodicals
found in the resources, the following can be singled out:

— managerial issues of ensuring the stability of object

indicators throughout the life cycle [1-3];

— tasks of increasing the effectiveness of expert systems

through the integration of expert assessment in the

dynamic structures of instrumental and information

monitoring of buildings [4-7];

— methodological aspects of the functioning of informa-

tion systems for diagnosing and forecasting technical

condition through information management [8—10].

In particular, the paper [1] is devoted to the integra-
tion of the management systems of the technical charac-
teristics of the building during the operation phase using
the applications of the visual interactive model (VIM)
design system.

The need to create a structure of virtual expert testing
of buildings with impact on the management of environ-
mental and energy indicators is reflected in [2]. At the
same time, it is pointed out that the input parameters
relating to the historical value of objects are important.
Prognostic methodology for managing the energy efficiency
parameters of a building is developed in the article.

The possibility of using VIM visualization to diagnose
the condition of buildings and planning measures to improve
their operational reliability is stated in [3]. Integration of
expert data into the VIM system is provided, as a source
of knowledge, a tree of failures is proposed.

The authors of [4] show that the effectiveness of expert
systems depends on the dynamics of decision-making by
experts. Classes of experts are classified: with a high and
low level of participation in updating their own professional
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knowledge. The influence of possible changes regarding the
initial assessment is considered, while taking into account
the expert opinion, which changes the initial judgment,
depends on the degree of professional authority.

An alternative solution to the problem, as described
in [5], justifies the need to combine databases designing
objects, monitoring data and expertise in a dynamic model
with the evolving and expanding environment. And the
authors use the method of discrete modeling of complex
hierarchical control systems.

In the opinion of the authors of [6], in order to assess
the building parameters, it is possible to use methods for
designing control systems for aircraft. The proposed model
is used to more effectively manage technical parameters
that ensure reliable operation of the building.

Work [7] is an attempt to show the results of studies
on the assessment of building systems and components
for intelligent buildings. It is proposed to introduce in-
tellectual indicators for eight basic intellectual systems.
A systemic intellectual indicator has been introduced to
unify the opinions of experts.

In the scientific papers [8—10], the methodological
foundations of the construction of an information system
for diagnosing and forecasting a technical state from the
perspective of strategic information management are con-
sidered, where the main part is represented by methods
for increasing the effectiveness of instrumental observa-
tions of the state of buildings.

Thus, the results of the analysis allow to conclude that
improving the methods of expert appraisal in diagnosing
the condition of construction sites is a promising task
in construction, and new management solutions increase
reliability in the operation of buildings.

5. Methods of research

There are several approaches to solving problems, based
on expert data processing and the construction of an algo-
rithm for the hierarchical structure of properties obtained
during the design of various systems.

One of the directions based on expert data processing
in the implementation of the complex tasks for the safe
operation of buildings and structures is the methodology
for constructing an expert assessment of their technical
condition. The advantage of this approach is:

— in the task of creating expert methods and models

for assessing technical condition;

— in the study of intellectual technology in the imple-

mentation of the information system of survey and

assessment of technical condition;

— in conducting research within the framework of

a separate expert system.

At the second stage of the survey of the technical
condition of buildings, it is necessary to group design
solutions, characterized by major defects and damage to
individual building elements.

In this regard, let’s consider the following approach
of peer review technical condition survey. With it, it
becomes possible to obtain the results of the signs of
damage in different variants and for different characte-
ristics and to compare the results relative to those given
initially. This allows to conduct the monitoring process
and make timely decisions on safe and reliable operation
of buildings and create normal conditions for the atten-

dants, taking into account the results of the survey of
buildings.

When building an expert assessment, an expert group
is formed which, after carrying out a preliminary inspec-
tion of the building and determining the required scope
of work at the second stage of the survey, determines
the defects and damages of the main structural elements
of the building.

The main stages of the construction of the expert as-
sessment methodology for the inspection of the technical
condition of buildings:

1. Formation of signs of damage (ranking) — m.

2. Formation of an expert group:

— the number of experts (h);

— depending on the answers (opinions) of experts,

a matrix is formed — a line for each j-th sign of damage:

(1

Y, =‘a1jyazjy-~-yahj 5

— let’s find the average value of the group’s estimate
for the j-th sign of the damage:

h
Dy

Aj=—; )

— determine the deviation of the estimates of each
expert from the average value of the group’s estimates
for all j-signs of damage Aj;=|a;—A4;, a matrix of de-
viations is formed as a result:

A1TA, Ay
p-lo)|-| A28 A | 3
Al AQm. .Ahm

— let’s find the average deviation of the estimates of
each expert for all signs of damage from the average
value of the group’s estimates:

Sa
P

— )
as a result let’s obtain the row matrix:
D=|A1, A2, ..., Ahl; (4)

— experts are numbered as their estimates are removed
from the average value of the group’s estimates. As
a result, a tuple of expert competence is established:

D*:‘B*, A%, . AW: ©)

— let’s determine the average value of the confidence
coefficient, depending on signs of physical depreciation
and rules for assessing the technical condition of the
main structural elements of the building. As a rule, it
is taken equal to 0.5 (®=0.5). At ®<0.5, the expert
group is re-formed by excluding experts from the list
of recent issues, in which there is a sharp deviation
of responses from the group’s average opinion.

;12
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3. Formation of the work rules of the expert group Tahle 2
(Table 1): Assessment of the degree of consensus among experts
— order signs of damage, starting with the least
important: Number | Legend of | Number of the expert Rank Deviation Deviation
of signs of | signs of of the sum
damage | damage | 1 | 2 i | "™ | of ranks | STUAre
Xy <Xy <o < X (7) g
. 1 hiy | B hy| @ m-T | (-T2
— the ranks a; are attributed: m e v ! !
2 my | he1 | a2 hej | 02 0T | (04-T)?
(a1=1; as=1; ... ap=1); (®) :
— weight coefficients of signs of damage are determi- ;
ned a; (j=1m): n m | By | B by | G O-T | (G-T)
h Average sum of ranks T
2
a;= # 9) Sum of deviation squares 5
2245
=1 =1 .
o If the expert can not specify the order of decrease
Table 1 f two or more signs of damage, he assigns to each of
Formation of the work rules of the expert group them the same rank.
Number | Legend of Number of the expert et . In 1th'ls ca}lls.e,. the confidence factor is calculated from
of signs of | signs of fal?tnrsg the relationship:
damage damage 1 2 e e j
Sk
1 my hyp | by hy; a b= 1 £ —, (14)
2 my b21 1722 hgj as Ehz (m3 - m)—hZT[
t=1
n m; hy hp bi/' aj T = e 737 15
t‘EZ( i~ 1)’ (15)

4. Assessment of the degree of consensus among ex-
perts (Table 2):

— results of ranking are represented in the form of

a matrix of ranks;

— the sum of the ranks for each j-th sign of the da-

mage and the average sum of ranks for every j-th sign

are determined:

h
Q= Zajm (10)
=1
where Q; — sum of the ranks;
m h
224
==
r=He (11)
where T — the average sum of ranks.
— the sum of squares of deviations is calculated:
Sp=28=2.(Q-T)s (12)
=1 =1
— the confidence coefficient is determined:
128,
(13)

®= T —m)y

If ®>0.5, then there is a sufficient degree of consis-
tency between the opinions of experts. If ®<0.5, then
the group is corrected by excluding the last expert in the
tuple, the confidence coefficient is listed, and so on until
the necessary degree of consistency is obtained.

where Z; — the number of identical ranks in the ¢-th
ranking.

6. Research results

When developing the method of expert assessment,
technical objects can be subject to civil (housing, hotels,
hostels, multifunctional centers, administrative and public
buildings) and production facilities (industrial enterprises,
production plants, factories, garages).

Let’s consider an example of use of the offered tech-
nique of an expert assessment of inspection of a technical
condition for a warehouse building (Fig. 1).

Let’s use the common signs of damage that occur when
examining any building:

— crack in the basement of the foundation (m);

— crack in the wall (m»);

— crack in the slab (ms);

— crack in reinforced concrete roof rafters (my). Let’s

take these signs of damage as input data for peer review.

When inspecting the technical condition of buildings in
specialized organizations dealing with such issues, there are
units in which, as a rule, an expert group of 2—5 people
is formed. Such generally accepted order can be characte-
rized as rational, therefore it is the basis for the formation
of such group of five experts:

I — the expert — the head of the department, the can-
didate of technical sciences;

IT — expert — chief engineer;

IIT — expert — engineer of the I category;

IV — expert — engineer;

V — expert — junior researcher.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/2(40), 2018
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Crack in the slab

A

~—1__Crack in reinforced
\ concrete roof rafters
/

Crack in the wall <

\ °

RRIVE KB RIVARATS

Crack in the basement of the foundation

Fig. 1. Appearance of a warehouse building with signs of damage detected during inspection

The matrices of the expert assessment line for each K—0'090+0'026+0'038+0'002—0039'
j-th sign of damage of the form (1): e 4 T
~(0.41 0.37 0.05 0.44 0.33] A - 0.050+0.0941—0.058+0.008 0,053
Y,=10.21 0.33 0.11 0.23 0.30;
— 0.270+0.126+0.192+0.048
¥3=10.10 0.08 0.33 0.13 0.05]; As= =0.159;

4
Y;4=10.16 0.17 0.21 0.06 0.21]. 0120400064 0.008.+ 0102
0 . . .

4 =0.059;
The average value of the group’s estimates for each 4
feature of the damage, respectively, will be according to 0.010+0.064+0.088+0.048
the form (2): As= i =0.052.

A1=(0.41+0.37+0.05+0.44+0.33) /5=0.320;
As a result, a row matrix according to the form is
Ay=(0.21+0.33+0.11+0.23+0.30) /5=0.236; established (5):

A3=(0.10+0.08+0.33+0.13+0.05) /5=0.138;

D=(0.039 0.053 0.159 0.059 0.052].
Ag=(0.16+0.17+0.21+0.06+0.21) /5=0.162.

The analysis of the obtained results allows to compose
After determining the deviations of the estimates of each  a tuple of experts’ competence by the form (6):
expert from the average value of the group’s estimates A, B
for each feature of the damage, a matrix of deviations is D*=15,2,4,3.
obtained according to the form (3):
Experts of the ranking of signs of damage by impor-
Ay =(0.41—0.32)=0.09; Ay =(0.37—0.32)=0.05; tance and importance of the weight coefficients of signs

Ay =(0.05-0.32)=0.27; Ay =(0.46-0.32)=0.12 of damage a; are presented in Table 3 according to the

form (7)—(9).
A5 =(0.33-0.32)=0.01; A, =0.026; Ay =0.094;

Tahle 3
A =0.126; A, =0.006; As =0.064; A;;=0.038; Results of the ranking of signs of damage by experts
and the importance of weighting factors
Number Legend of Number of the expert Weighti
A =0.002; A, =0.008; A3 =0.048; A4 =0.102; of signs of | signs of elghting
damage damage 1 3 2 4 3 factors
As; =0.048.
1 m 5 5 5 5 1 0.350
0.090 0.050 0.270 0.120 0.010 2 s 4 4 4 4 2 0.300
B 0.026 0.094 0.126 0.006 0.064 . ) ’ . ’ . 0133
~110.038 0.058 0.192 0.008 0.088| o -
0.002 0.008 0.048 0.102 0.048 4 - S L I N A
The average deviations of the estimates of each expert In assessing the degree of consistency of expert opinions,

for all signs of damage from the mean value of the group the dependencies of the fourth stage are used. The results
estimates have been calculated as follows according to of the calculations are summarized in Table 4 according
the form (4): to the form (10)—(13).
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Tahle 4
Assessing the degree of consistency among experts
Number |Legend of Number Weihtin Deviation Deviati
of signs of | signs of | of the expert GG | of the gum |~ o onon
factors square
damage | damage |1|5(2|4 |3 of ranks
1 m 5(5(5]5]|1 21 9 81
2 mp 4141414]2 18 6 36
3 m3 112]|1]2(2 8 -4 16
4 my 311|13[3(3 13 1 1
Average sum of ranks 12
Sum of deviation squares 134

Since none of the experts has assigned two or more
signs of damage to the same ranks, then to find the confi-
dence coefficient let’s use an expression of the form (13):

. 12-134 B 1608 _1.072
C5(47-4) 1500 T
Since ®>0.5, there is sufficient consistency between
the experts and obtained results are taken as finite.
The main signs of damage are quantified:
— crack in the basement of the foundation =0.350 mm;
— crack in the wall=0.300 mm;
— crack in the slab=0.133 mm;
— crack in reinforced concrete roof rafters =0.217 mm.

7. SWOT analysis of research resulis

Strengths. In comparison with analogues the proposed
method allows to take into account the individual as-
sessment of each expert in the overall structure of the
assessment of the technical condition of the building. And
the dynamics of changes in opinions in expert assessments
is taken into account in accordance with fluctuations in
regulatory requirements.

Weaknesses. The weaknesses include the influence of
subjectivity in the personal assessment of the technical
condition, the instability of the composition of the expert
groups for individual areas of surveys in accordance with
the designation of buildings.

Opportunities. The methodology is evolutionary, it is
possible to expand it to development of the models for
forecasting technical and economic parameters through
the use of correlation-regression analysis.

Threats. 1t is necessary to take into account the pos-
sible additional costs due to the increase in the level of
professional qualification of experts, as well as through
its corresponding reduction simultaneously with the need
to apply more costly tools and tools to survey buildings
to neutralize this decline.

1. It is established that the sequence of formation of
signs of damage provides for the inclusion in the database
of the characteristics, in the first place, of the most common
and those that most affect the load-bearing safe operation
of the building (the main load-bearing structures of the
underground and ground parts). The weight coefficients of
the signs are thus an indicator for identifying the dominant
features that can be used in the construction of multifactor
models for forecasting technical and economic indicators.

2. It is shown that the principles for the formation of
an expert group, the structure of assessment, the degree
of agreement between experts’ opinions, is a complex of
providing valid data in diagnosing the technical condition
of buildings. A tuple of expert competence and a confidence
factor (at values greater than 0.5) affect the acceptance of
survey results as final and credible, as well as the future
composition and structure of the expert group.

A variant of using the proposed method for a ware-
house building with common signs of structural damage
is an example that demonstrates a simple sequence of its
application. With a significant increase in the signs of
damage (as a rule, at several existing facilities it is several
dozen), it seems effective to enlarge the calculations for
the blocks, depending on the working groups of experts
and the scope of the survey.
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