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Abstract. In this article was examined the issues of sustainability and
informative of diagnostic matrix, which are used when it is necessary to
determinate the technical condition of constructions. Determination based
on the mathematical instrument of technical diagnostics. One of the most
widespread methods of technical diagnostics — a statistical method of
Bayes is used.

1 Introduction

To solve tasks of technical condition definition of building constructive elements, offered
an approach, based on the use of probabilistic mathematical instrument of technical
diagnostics. Diagnosis is performed using probabilistic methods states recognition of
complex technical systems. Calculations of probabilistic parameters are executed with use
of the statistical method of Bayes, most widespread in technical diagnostics [3].

Bayes's method provides collecting statistical information on diagnostic results over last
years. These results have formed the content of diagnostic matrices. One of the most
important tasks is to assess the stability of these matrices, that is make influence on changes
of statistical information results of calculation by Bayes's formula[1].

In article [2], the solution of this problem is based on theoretical instrument of
information theory. Estimated weight of diagnostic features and diagnostic value as a
whole. It was shown that the exclusion of little information statistics from diagnostic matrix
provides quantitative change distribution of state probabilities, however have not provide
any qualitative changes of the results. Moreover, the result has been updated in the sense of
being more certainty (entropy - degree of uncertainty - has decreased by 1.5 times).

Nowadays, in normative base not defined quantitative reduction bearing abilities of
building structures. This situation is typical when using classification of technical state of
building objects, both, their defects and damage, and using the classification of the
technical conditions[4]. Quality of construction object state eventually decreases in
comparison with the technical state put at design and during the construction. In [8, 9]
rightly pointed out that the safe operation of buildings requires a constant examination of its
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technical condition, and science-based appointment of the relevant categories for its
construction elements.

In this paper, the research of sustainability and informative diagnostic matrix is based
on multivariate numerical experiment. Considered diagnostic matrix composed for concrete
beams of reinforced concrete slab. The matrix consists of 9 signs, 5 of which are simple
(answer the question "yes" or "no"), and 4 more complex (with bits and intervals).

The issues involved in assessing the technical condition of a number of authors. In these
papers the assessment of technical conditions determined on the basis of: the theory of risk
and structural safety [16], the logical-probabilistic approach [17], based on a combination
of probabilistic and possibility approaches [18], based on the application of the theory of
fuzzy sets [19, 20] and etc.

In [2] these paper the technical condition of the main and secondary beams and of plate
sections and columns. The degree of certainty of the overall system is determined by taking
into account the impact of each component, so that the technical condition of the system
elements can either improve or become worse.

In [3] these paper calculating posterior probabilities of states for each element, carried
out an analysis of the results obtained using the apparatus of probability theory and using
the concept of information entropy. On this basis, constructed a multi-level model of
diagnosis. This approach to the assessment of the technical condition of the building is
offered for the first time.

In [4] on the basis of great theoretical and practical experience in the construction of a
special purpose the authors suggest the possibility of monitoring the bearing elements of
the building objects when exposed to static and dynamic loads. It is proposed to use an
integrated method of diagnosing the state of construction projects under dynamic loading.
The method is based on the search for diagnostic features reduce the carrying capacity of
structure sand sub grade in the transfer function of the object model of the famous "black
box."

These paper [5] is devoted to ensuring safe operation of buildings, which is determined
by a complex of factors that depend on: the design decisions and their implementation
during construction, the residual resources and the technical state of the object, the degree
of change of object and environmental standards for the operation and the quality of their
compliance during the lifetime of the object, and so on. Safety of operation it is not only
technical, but also an economic problem, since the totality of the costs of reproductive
events during the lifetime of the object is comparable to the cost of new construction, and
often exceed them.

Operation phase is the most prolonged period of operation of the facility, so planning
costs, and site restoration should be based on learning and forecasting of the technical
condition of the building and its components, taking place over time, to determine the
composition and scope of work.

Purpose of the research: Determine the information stability of the diagnostic matrix.
Assess the degree of change between "input" priori statistical information and "output",
which was estimated. For this it is necessary to solve the following tasks:

1. Analyze various options of signs realization by their exception one by one.
2. Assess how thus exceptions change the probabilistic parameters of states, which
considered element of the system — the main beams, will take.

2 Materials and Methods

As noted above, this article study sustainability and informative of diagnostic matrix based
on multivariate quantitative experiment. Quantitative experiment consisted of performing a
large number of calculations, which was taken by using software PATC (Probabilistic
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Analysis of Technical Condition) [2]. Software PATC based on the most widespread
statistical method of Bayes. The method consists in the fact that if there is a state Si and
simple sign kj, occurring in this state, then the probability of co-occurrence of events (the
availability of the system state Si and feature kj) in accordance with the concepts of
probability theory, will be obtained by the following Bayes’s formula:

_ P(k;/S))
PEH=PE)=py ™ (1)
For a complex of signs:
P(S,/ K*)= nP (SIP(K*/S)
> P(S)P(K*/S.) o

s=1

where P (S; /K*) — probability of the diagnosis of S; after results of diagnostics with a
complex of signs were obtained.

The analysis carried out for reinforced concrete floor beams, diagnostic matrix has the
form shown in Table 1. Thus, the table is based on preparatory statistical data, which means
it includes priori probabilities of the states and features. The decision depends on rule that
an object with a complex of features K* refers to a state of S;, if the posterior probability of
this state P (S;/ K*) is the largest of all.

Table 1. Diagnostic matrix for the main beams of the monolithic ferroconcrete overlap.

State State State State State
S1 S2 S3 S4 S5

Ne Diagnostic

Categories
of features

features kij p (kij) P(S1) | P(S2) | P(S3) | P(S4) | P(S5)
0.18 0.29 0.35 0.13 0.05
Damages of k11 yes pkll) | 0.11 0.17 0.29 0.54 0.80
1 external
surface k12 no pk12) | 0.89 0.83 0.71 0.46 0.20

Longitudinal | -4 yes pk21) | 006 | 0.14 | 023 0.77 | 0.60

cracks in
2 protective
layer k22 no p(k22) 0.94 0.86 0.77 0.23 0.40
k31 <04 p(k31) 0.76 0.59 0.40 0.15 0.20
mm
Normal 10 1.0
X cracks(width k32 mm p(k32) 0.18 0.34 0.43 0.62 0.40
of opening) > 1.0
k33 - p(k33) 0.06 0.07 0.17 0.23 0.40
mm
k41 yes p(k41) 0.06 0.17 0.34 0.31 0.20
4 Inclined
cracks k42 no p(k42) 0.94 0.83 0.66 0.69 0.80
design
k51 strength p(k51) 0.72 0.48 0.49 0.15 0.20
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5 Strength of
concrete k52 <30% | p(k52) | 0.22 0.31 0.20 0.39 0.20

k53 >30% | p(k53) | 0.06 0.21 0.31 0.46 0.60

k61 <5% pk61) | 0.76 0.59 0.29 0.15 0.20

Corrosion of

armature k62 5-20 | pk62) | 0.18 0.24 0.37 0.39 0.20

k63 >20% | p(k63) | 0.06 0.17 0.34 0.46 0.60

k71 limit pk71) | 0.83 0.48 0.51 0.31 0.20

7 | Deflection | k75 | <30% | pk72) | 0.11 | 038 | 023 | 046 | 0.0

k73 >30% | p(k73) | 0.06 0.14 0.26 0.23 0.60

Strength
condition on | k81 | satisfied | p(k81) | 0.94 0.90 0.86 0.69 0.20

8 normal cross-

section k82 no p(k82) 0.06 0.10 0.14 0.31 0.80
Strength
condition on k91 | satisfied | p(k91) 0.94 0.83 0.60 0.61 0.20
9 inclined
sections k92 no p(k92) 0.06 0.17 0.40 0.39 0.80

Realizations of signs for G; (for example) beam (as an example they are highlighted in
Table 1 by yellow color):

there are damages of external surface;

there are longitudinal cracks in protective layer;

there are normal cracks with width of opening more than 1 mm;

there are inclined cracks;

strength of concrete is lower than the design strength by 30%;

corrosion of naked armature is more than 20%;

deflection exceeds limit by more than 30%;

strength condition according the calculation by normal cross-section is not
satisfied;

9. strength condition according the calculation by inclined sections is not satisfied.

PHRANE D=

When using data of table 1, a technique offered above and the specified conditions
following values were received:

P (S)P(K"/S;)=0.18(0.11-0.06-0.06-0.06-0.06-0.06-0.06-0.06-0.06-0.06)=0;
P (S)P(K/S5)=0.29(0.17-0.14-0.07-0.17-0.21-0.17-0.14-0.10-0.17)= 0;
P (Sy)P(K"/S;)=0.35(0.29-0.23-0.17-0.34-0.31-0.34-0.26-0.14-0.40)=0.02-10;

P (S,)P(K'/S,)=0.13(0.54-0.77-0.23-0.31:0.460.46:0.23-0.31-0.39)=0.23-10;
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P (S5)P(K"/S5)=0.05(0.80-0.60-0.40-0.20-0.60-0.60-0.60-0.80-0.80)= 2.65-10°>.

As noted above, the denominator of the generalized Bayes' formula is the same for all
states, and will be obtained by next formula:

YP(S)P(K*/S)=(0+0+0.02+0.23 +2.65)-107° =2.9-107°,
Then the a posteriori state probabilities for beams G;:

P(G/K7)= 0/2.9=0; P(G,/K{)= 0/2.9=0;

P(G,3/K{)=0.02/2.9=0.0068; P(G,/K{)= 0.23/2.9=0.079;

P(G;5/K{)=2.65/2.9=0.913.

Given decision rule above, the diagnosed beam G throughout the combination of
technical state.

3 Results and Discussion

In this article were discussed two variants of state related to considered elements of
building:

1. In first option, calculation results didn't lead to high-quality change distribution
picture of states probabilities. It was noticedinbothcase of the most negative manifestation
of signs, and in case most favorable.

2. In second option, results of calculation,in some cases,shows high-quality transition to
new state compared with initial state, this transition was noticedinbothcases, when
settlement picture of probabilitiesdistribution was deteriorated, and when its improvement
takes place.

Condition of any building element can be estimated by various diagnostic signs [9] The
authors have analyzed diagnostic matrix for the fifteen options of beams state in monolithic
concrete reinforced overlap (G;, G,, ..., Gs5). As calculation results were outcome the
values of posteriori (estimated) probabilities for five technical conditions, the largest of
which says about assignment to appropriate state. Technical states are presented by five
categories [9]: 1 - serviceable, 2 - usable, 3 - limited-usable, 4 - unacceptable, 5 -
emergency.

Obtained posterior probabilities for the five states of the beam by different
implementations of diagnostic features. You could see results of calculation in the tables
below. In these tables, the first column is the initial state of the beam, which is obtained by
calculation, without exception signs. The next columns show the results obtained by the
sequence of their exclusion.

In most cases, the qualitative picture almost remained unchanged when comparison was
from initial state, when the diagnosis includes all the features, to state obtained the
exclusion of a particular sign.

The article presents the most vivid realization, by which one can assess the stability of
the matrix. In other realization signs picture practically didn't change therefore author think
it is unnecessary to give results for all considered cases. Examples are given below in
paragraphs 1.1, 1.2, 2.1 and 2.2

1.1. In this example considered realization of signs in which all positive categories are
excluded from consideration. Results demonstrate that the beam will accept the worst state
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— emergency (Ss).It should be noted that this category says that exploitation of overlap is
impossible. Therefore, the identification of this category is essential for research practices.
This also applies to the previous category — unacceptable (S,).

Table 2. Posteriori probabilities of beam G1.

o —_—
g | Eg| S| 5| 83| st &3t &3 |55
c | E:|Ec|3z| 82| 2: |82 22| 22|38 |53
[}
= 2 5 = 5 |s5| 55| =6|=65| =5 |55 =5 |8¢
0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.000 | 0.000 | S1
0.005 0.001 0.002 | 0.021 | 0.004 | 0.011 | 0.014 | 0.015 | 0.020 | 0.018 | S2

0.147 | 0.048 | 0.079 | 0.274 | 0.172 | 0.245 | 0.228 | 0.261 | 0.463 | 0.240 | S3
0.057 ] 0.029 | 0.103 | 0.079 | 0.064 | 0.064 | 0.066 | 0.115 | 0.082 [ 0.096 | S4
0.791 | 0.921 | 0.816 | 0.626 [ 0.760 | 0.679 | 0.693 | 0.608 | 0.435 [ 0.646 | S5

1.2. The realization of diagnostic features, when the element receives a steady third
limited-usable (S;) technical condition. The highest value of probability of these states
indicates the appointment of categories state. Evidently, by results of considered signs
realization, in all cases the third state is obtained, despite little changes of numerical values
of probabilities, despite an exception of signs. Based on this, we can conclude that the
qualitative picture is saved and diagnostic matrix demonstrates itself as a stable
probabilistic model of beam state.

1. Realizations of signs for G2 beam:
there are not damages of external surface;
there are longitudinal cracks in protective layer;
there are normal cracks with width of opening less than 0,4 mm;
there are inclined cracks;
strength of concrete is the same as design strength;
corrosion of naked armature is fewer than 5%,
deflection exceeds limit by more than 30%;
strength condition according the calculation by normal cross-section is not
satisfied;
10. strength condition according the calculation by inclined sections is satisfied.

00N U W

Table 3. Posteriori probabilities of beamG2.

0.021 0.016 | 0.067 | 0.011 [ 0.084 | 0.012 | 0.009 | 0.069 [ 0.044 | 0.014
0.285 | 0.233 | 0.393 | 0.191 [ 0.406 | 0.252 | 0.155 | 0.405 [ 0.365 | 0.214
0.617 | 0.591 | 0.519 | 0.610 [ 0.440 | 0.535 | 0.684 | 0.472 [ 0.565 | 0.643
0.054 | 0.079 | 0.013 | 0.141 [ 0.042 | 0.152 | 0.115 | 0.046 [ 0.022 [ 0.055
0.024 | 0.080 | 0.008 | 0.047 [ 0.029 | 0.050 | 0.038 | 0.008 [ 0.004 | 0.074

2.1. The probability distribution shows that the condition is within the range from 3 to 4
states. This is due to the fact that the highest probability is distributed between two states.

When excluding the most significant positive traits (4, 7, and 8) beam falls in a bad
state, as it is required to prove in this article. The probability distribution shows that the
condition is getting worse, when positive categories of signs did not taken into account.
Also obtained that the entropy increases and the system becomes less certain.
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Realizations of signs for G; beam:

there are not damages of external surface;

there are not longitudinal cracks in protective layer;

there are normal cracks with width of opening less than 0.4 mm;

there are not inclined cracks;

strength of concrete is the same as design strength;

corrosion of naked armature is fewer than 5%,

deflection does not exceeds limit;

strength condition according the calculation by normal cross-section is satisfied;
strength condition according the calculation by inclined sections is not satisfied.

WX W=

Table 4. Posteriori probabilities of beam G3.

0.012 | 0.033 | 0.053 [ 0.004 | 0.055 | 0.014 [ 0.023 [ 0.006 | 0.010 | 0.008
0.140 | 0.253 | 0.268 [ 0.060 | 0.227 | 0.118 [ 0.201 [ 0.119 | 0.122 | 0.106
0.468 | 0.497 | 0.546 [ 0.296 | 0.380 | 0.612 [ 0.437 [ 0.374 | 0.428 | 0.490
0.378 | 0.215 | 0.132 [ 0.637 | 0.336 | 0.253 [ 0.335 [ 0.497 | 0.431 | 0.389
0.002 | 0.001 | 0.001 [ 0.003 | 0.003 | 0.003 [ 0.004 [ 0.005 | 0.009 | 0.007

2.2. Compares two cases, first, where all the signs according to the initial state, the
second where one of the features excluded. In case of exception of the fourth sign (presence
of inclined cracks) and the seventh (deflection size), there is a qualitative change to more
favorable technical state. The highest values of probability occur in the first three states.

Realizations of signs for G, beam:

10. there are not damage so external surface;

11. there are not longitudinal cracks in protective layer;

12. there are normal cracks with width of opening less than 0.4 mm;

13. there are inclined cracks;

14. strength of concrete is the same as design strength;

15. corrosion of naked armature is fewer than 5%;

16. deflection does not exceeds limit;

17. strength condition according the calculation by normal cross-section is satisfied;
18. strength condition according the calculation by inclined sections is not satisfied.

Table 5. Posteriori probabilities of beam G4.

0.140 | 0.121 0.122 0.089 | 0.397 | 0.099 | 0.072 | 0.089 | 0.131 | 0.413
0.343 | 0.318 0.327 0.282 | 0.344 | 0.363 | 0.228 | 0.377 | 0.337 | 0.358
0.516 | 0.559 0.548 0.625 | 0.258 | 0.535 | 0.697 | 0.533 | 0.530 | 0.229
0.001 | 0.002 0.003 0.003 | 0.001 | 0.003 | 0.002 | 0.002 | 0.001 | 0.000
0.000 | 0.001 0.000 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.000

4 Summary

In most considered cases it wasn't noted high-quality transition from one state to another in

comparison with initial realization. Where was observed only quantitative changes between
posteriori probabilities of the states. It shows the stability and informative of statistical data,
which form the basis for creating diagnostic matrices, as well as the basis for constructing a
multi-level procedure of diagnosing the state of overlap and buildings in general.
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