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DETERMINATION OF REMAINING 
RESOURCE OF CONSTRUCTIONS 
OF BUILDINGS AFTER DIFFERENT 
INFLUENCES

Об’єктом дослідження є залишковий ресурс конструкцій будівель та споруд після різних впливів. За-
лишковим ресурсом називається сумарне напрацювання об’єкту від моменту контролю його технічного 
стану до переходу в граничний стан.

Методики розрахунку, які рекомендовано чинними нормативними документами України, не дозволя-
ють прогнозувати імовірність відмов, збільшення кількості дефектів і деформацій конструкцій в часі та 
реально оцінити можливість подальшої експлуатації за таких умов. Одним з найбільш проблемних місць 
є визначення технічного стану конструкцій будівель та споруд, які працюють при різних впливах (в агре-
сивному середовищі, при вимушених зміщеннях опор, можливих високотемпературних впливах тощо).

Показано, що залишковий ресурс конструкцій будівель та споруд, які отримали пошкодження під час 
експлуатації після різних впливів, може бути перепризначеним за рахунок підсилення. При цьому основним 
питанням залишається визначення фізико-механічних характеристик матеріалів, які було застосовано при 
виготовленні конструкцій, а також виконання розрахунку конструкцій для обґрунтованого призначення 
перерізів елементів підсилення. Характеристики матеріалів визначаються під час проведення обстежень. 
В ході обстеження використовуються різні методи визначення фізико-механічних характеристик ма-
теріалів конструкцій (бетону, арматури, сталі, цегляної кладки тощо), як правило, неруйнівні. Руйнівні 
методи можливо застосовувати в тих випадках, коли це можливо за умов роботи конструкцій, наприклад, 
вилучення фрагментів металу, арматури або бетону з малонавантажених елементів.

Можливість перепризначення залишкового ресурсу визначається шляхом зіставлення величин несучої 
здатності конструкцій з тими величинами, що діють. Несучу здатність конструкцій визначають з вико-
ристанням величин характеристик матеріалів і параметрів (розмірів поперечних перерізів, геометрич-
них розмірів з урахуванням корозійного зносу тощо), які було отримано під час проведення обстеження. 
Величини зусиль, що діють в конструкціях будівель та споруд, визначаються шляхом моделювання їхньої 
роботи з використанням методу скінченних елементів і сучасних обчислювальних комплексів. Завдяки 
такій процедурі можна отримати зусилля, які могли б виникнути в конструкціях будівлі та підсилення. 
Завдяки цьому забезпечується можливість прийняття рішення про перепризначення залишкового ресурсу 
конструкцій, тобто можливість подальшої експлуатації, необхідність підсилення або заміни.

Ключові слова: конструкції будівель та споруд, дефекти та пошкодження, обстеження, розрахунок 
конструкцій, залишковий ресурс.
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1.  Introduction

Together with new construction, more and more often 
there is a need to carry out work to restore the ope- 
rational suitability of building structures of buildings and 
structures. In this case, it is necessary to resolve issues 
related to the determination of the stress-strain state (SSS) 
and the implementation of work to extend the life of 
structures.

These works must be solved in a complex, that is, a  fore
cast of a possible extension of the life of structures of 
buildings and structures should be preceded by work re-
lated to the assessment of their technical condition. These 
works are carried out in accordance with the requirements 
of current regulatory documents  [1–3].

Assessment of the technical condition is carried out on 
the basis of the results of previously performed and current 
observations, verification calculations, and the like. Verifica-
tion calculations are performed, as a rule, using simplified 
calculation schemes without taking into account the actual 
state of structures and the prediction of property degrada-
tion. This approach does not allow simulating the SSS of 
structures in the dynamics of the development of degradation 
processes and does not make it possible to make the right 
decision on the composition of measures to ensure further 
reliable and safe operation of structures  [4,  5].

The work is one of the stages of research on the problem 
of extending the life of building structures of buildings and 
structures under the condition of both power and other 
(corrosive, thermal, deformation, etc.) effects.
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2. � The object of research  
and its technological audit

The object of research is the residual resource of the 
structures of buildings and structures after various influen
ces. The residual resource is the total operating time of 
the object from the moment of monitoring its technical 
condition to the transition to the limit state.

For building structures, a unified classification (nomen-
clature) of possible technical conditions is established, the 
number of which is accepted four in accordance with  [1].

Structures and elements from the very beginning of their 
operation throughout the entire life cycle due to aging and 
degradation can sequentially be in each of the four techni-
cal states. Establishing in which of the indicated technical 
conditions a given design and element is located is the 
task of a set of works to assess their technical condition.

Elements of a structure or structure may be in dif-
ferent states. In this case, the state of the structure or 
structure as a whole is taken according to the worst state 
in accordance with  [1].

The determination of the current technical condition 
together with the forecast of its change in time can’t be 
performed without preliminary observations.

General monitoring of the technical condition of build-
ings and structures is a system of planned, continuous 
or periodic observations and control. These activities are 
carried out according to a specially developed program for 
determining changes in the technical condition of buildings 
and structures and evaluating them in order to prevent 
the limiting values of controlled parameters. This term 
refers to the maximum (minimum) values of the monitored 
parameters used to configure the monitoring system and 
intended to assess changes in the state of load-bearing 
structures of an object  [2].

The guidance DSTU-N B V.1.2-17:2016  [2] applies 
to buildings and structures for classes of responsibility 
for the possible consequences of CC2, CC3 according to 
DBN V.1.2-14-2018  [3]. The guidance establishes general 
requirements for monitoring the technical condition of 
structural elements, buildings and engineering structures.

Guidelines DSTU-N B V.1.2-17:2016  [2] defines the 
controlled parameters of various types of monitoring the 
technical condition of building structures, buildings and 
structures at various stages of their life cycle: design, construc-
tion, operation, conservation, re-preservation, liquidation.

Guidelines DSTU-N B V.1.2-17:2016 [2] does not replace 
the obligation to fulfill the requirements of the construction 
process participants to ensure the quality of construction 
work, reliability and safety of buildings and structures pro-
vided for in the design documentation.

The basis of the organization of monitoring to ensure 
the operational safety of buildings and structures is to 
monitor changes in indicators of state parameters and assess  
certain changes.

The number and types of controlled parameters are 
determined by the results of a previous observation, the 
requirements of regulatory and design documentation, the 
conditions for maintaining the operational properties of 
an object during its life cycle.

The reliability of the obtained results must be ensured 
by the application of standardized methods for conducting 
research and determining controlled parameters, relevant 
instruments, equipment and measuring instruments.

As criteria for failures and damage, the limiting values 
of the parameters of the technical condition (the presence 
or absence of cracks, the width of the opening of cracks, 
deflections, displacements, strength and deformability of 
structural materials, etc.), which are usually set by design 
or regulatory documentation, should be considered.

Based on the established signs, using the predicted change 
over time, criteria are established for the exhaustion of the 
bearing capacity of structures with the consequences of this 
type of failure, and the residual resource is determined.

3.  The aim and objectives of research

The aim of research is development of interrelated mea-
sures to determine the controlled parameters of reinforced 
concrete and steel structures obtained during monitoring, 
to determine their technical condition and residual life.

To achieve this aim, it is necessary to complete the 
following objectives:

1.	 To develop general requirements for monitoring the 
technical condition of structural elements, buildings and 
structures.

2.	 To develop methods for calculating the stress-strain 
state and assessing the condition of structures that have 
received defects and damage during operation.

3.	 To develop methods for determining the residual life 
of structures of buildings and structures based on monitor-
ing results.

4. � Research of existing solutions  
of the problem

In general, monitoring of construction objects is a sys-
tem of monitoring their technical condition, receiving and 
transmitting information to services that are responsible 
for the safety of facilities. It is an independent element 
of the scientific and technical support of objects in the 
process of their construction and operation, ensures the 
reliability of construction objects and allows to predict 
their durability  [2,  6].

Monitoring indicators are the values of the static and 
dynamic characteristics of the structures of the object, and 
the monitoring itself is carried out according to specially 
developed programs. In an urgent respect, it is permanent 
or periodic, which is performed in accordance with the 
requirements of current regulatory documents in the fol-
lowing circumstances  [3,  7]:

–	 the end of the regulatory life of the facility;
–	 identification of significant damage to the object 
that occurred during its operation;
–	 assessment of the possibility of using the facility for 
its main purpose after man-made and special influences 
(aggressive environment, high temperatures, etc.);
–	 change of purpose of the structure;
–	 at the request of state building control authorities.
Particularly important is the objectivity and efficiency 

of monitoring, the ability to evaluate with its help the 
current technical condition of the facilities and predict 
their durability, while eliminating the possibility of the 
transition of the facilities to an emergency state.

Important in practical terms can be considered the cost-
effectiveness of monitoring, the necessary level of profes-
sionalism of staff, the availability of information by users 
and the like.



INDUSTRIAL AND TECHNOLOGY SYSTEMS:
MECHANICS

6 TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 5/1(49), 2019

ISSN 2664-9969

Among the main directions of solving this problem, 
which were found in the resources of world scientific pe-
riodicals, can be identified:

–	 taking into account temperature effects  [8, 9];
–	 taking into account geometric non-linearity and non- 
linear operation of structures  [10, 11], it allows the 
construction of adequate design schemes, reduce mate-
rial consumption, ensure structural safety, resistance 
to progressive collapse;
–	 taking into account, when calculating slabs, two 
variants of finite elements (SC) for modeling elements 
of steel-reinforced concrete floors [12, 13], which made 
it possible to determine the deflections and displace-
ments of structures.
In [14], a methodology for thermotechnical calculation 

of reinforced concrete structures and heat loss of a foun-
dation slab with non-uniform temperature distributions of 
the internal temperature is presented. The determination 
of the strength and deformability of steel-reinforced con-
crete beams with various anchor stops and types of fire 
protection during three-sided heating is shown in [15, 16].

All the above works, with the exception of [4, 5], allow 
solving particular cases of structural analysis. The methods  
for determining the technical condition and residual life 
of structures after various influences are absent in the 
literature accessible to the authors, which makes the study 
promising.

5.  Methods of research

The parameters of the impacts and their magnitudes 
are determined in accordance with the requirements of 
current regulatory documents [2, 3] according to observa-
tions of meteorological stations; on passports for equipment 
and other documents. The obtained parameter values are 
used in the calculations and design of the facility, and are 
also basic for monitoring its technical condition during 
construction and operation.

Reactions of changes in the technical condition of struc-
tural elements are recorded by sensors of the monitoring 
system, which allow to obtain data on the reaction of 
the object to external and internal influences, namely:

–	 movement of the object and individual elements in 
space in the form of deflections, sediments, rolls and 
the like;
–	 deformation in building structures;
–	 changes in the dynamic characteristics of building 
structures and the building as a whole;
–	 changes in the environment surrounding the monito
ring object.
Monitoring of building structures is carried out on the 

basis of the approved program using technical means of 
non-destructive testing and the frequency established in 
the program. The frequency of work is determined taking  
into account the classes of responsibility of building struc-
tures in accordance with DBN V.1.2-14-2018  [3]. In this 
case, the minimum frequency of observations is established 
in accordance with the design and regulatory documents 
or special requirements for a particular object.

The monitoring results include information on the con-
dition of the facility and the development area, which is 
provided in the interim and final reports. Reports are is-
sued on the basis of registration, accumulation and initial 
analysis of information from sensitive elements, which are 

installed on building structures subject to control. Re-
quirements for the composition of reports are established 
in the monitoring work program. Based on the results 
of monitoring observations, the report concludes on the 
current values of the controlled parameters of building 
structures. The monitoring results are used to assess the 
technical condition of building structures, buildings and 
structures. The final result of assessing the technical con-
dition of building structures is the conclusion about the 
possibility (impossibility) of further operation of buildings 
and structures in normal mode.

Permanent monitoring of the technical condition of 
buildings and structures using automated systems is orga-
nized on structures that are responsible for safety criteria. 
In this case, instruments and equipment are used with 
automatic storage, processing and transmission of measure-
ment results through information communication channels.

The limiting values of the parameters are evaluated 
according to the criteria of the state of the elements of 
buildings and structures that determine under what condi-
tions it becomes impossible to perform their functions for 
technical reasons, which include the danger of destruction 
of individual elements, loss of general stability and the like.

Assessment of the technical condition parameters by 
their limit criteria are used to make decisions about:

–	 ensuring the safety of people;
–	 transfer of the facility to emergency operation, emer-
gency response and minimization of possible consequences;
–	 strengthening the supporting structures of the object.
The monitoring system of building structures consists 

of the following main elements:
–	 measuring elements of controlled parameters (measur-
ing elements are sensors for recording changes in the 
state parameters of building structures. The measurement 
accuracy and the number of sensors are determined 
by the monitoring program);
–	 information system for registration, accumulation 
and primary processing of indicators of controlled pa-
rameters of building structures;
–	 mathematical model (or its automated analogue in 
the information system) for operational preliminary 
forecasting of the values of controlled parameters of 
building structures in the near future);
–	 systems for setting up and managing an information 
system for monitoring building structures.
The real-time information system provides the collec-

tion, accumulation, access, display and dissemination of 
data on the value of indicators of controlled parameters 
of building structures of buildings and structures.

6.  Research results

The mathematical model of the building (or its automated 
analogue in the information system) makes it possible to 
carry out operational preliminary forecasting of the values 
of the controlled parameters of building structures. The 
result of the previous operational forecast is the conclusion 
about the operational suitability of controlled building  
structures, taking into account a possible tendency to worsen 
their technical condition. The forecast of the output of the 
recorded values of certain parameters of building structures 
of the limit of a given criterion is the basis for making 
decisions on the possibility of further operation of a build-
ing or structure  [2].
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The basis for assessing the technical condition of build-
ings and structures is information on finding controlled 
parameters in a given range of safe operation. The limit-
ing measurement criteria for sensors that meet the safe 
operation of building structures are set in the Monitoring 
Program.

Determination of the residual life of structures of build-
ings and structures is carried out on the basis of data 
obtained as a result of monitoring. According to the re-
sults of the analysis of technical documentation, visual and 
instrumental examination, a preliminary assessment of the 
technical condition of structures, buildings and structures 
as a whole is carried out and a conclusion is made about 
the need for mathematical modeling of SSS or simplified 
structural calculations  [5]. A preliminary assessment of 
the technical condition is based on the evaluation cri-
teria. The forecast of changes in the technical condition 
during further operation is carried out on the basis of 
the analysis of degradation processes and the identifica-
tion of the compliance of the actual parameters of the 
technical condition with the requirements of design and 
regulatory documentation.

The technical condition of structures in the absence 
of defects can be considered normal or satisfactory if they 
are not fulfilled  [4,  5]:

–	 condition for failure of structures (condition for the 
structure to reach the limit states of the first group):

F Fu> , 	 (1)

where F Fu,  – the values, respectively, of the most possible 
force during operation of the element from the calculated 
loads and the smallest bearing capacity;

–	 condition for the construction to reach the limit 
states of the second group:

f fu> , 	 (2)

where f fu,  – the characteristic displacement of the struc-
ture (deflection, angle of rotation, roll, etc.), which are deter-
mined respectively as a result of calculation or examination 
and the limit is established by the norms.

The excessive or prolonged openings of cracks in re-
inforced concrete structures, as well as the achievement 
of the limiting values of the deflections, are considered as 
parameters of the limiting states of the second group, the 
achievement of which is considered as a failure-obstacle.

The limiting states of this group cause a temporary 
cessation or partial violation of the conditions of normal 
operation, but at the same time there is no clear boundary 
between the transition to the limiting state.

The functions of determining the bearing capacity are 
taken in accordance with the requirements of current regu-
latory documents. It is allows to apply direct restrictions 
of the following type to the change of structural, strength 
and other determining parameters:

δ δmin ,≤ 	 (3)

R Rmin ,≤ 	 (4)

where δmin  – the minimum permissible value of the intersec-
tion parameter of the reinforced concrete element (height, 
width, reinforcement area, etc.); δ  – the actual value of the 

section parameter; Rmin  – the minimum allowable design 
resistance of the material (concrete, reinforcement); R  – the 
actual design resistance of the material.

Assessment of the technical condition is carried out 
by comparing the controlled parameters with the corre-
sponding design parameters or determined as a result of 
observations and calculations. Structures can go to the limit  
state if parameters such as:

–	 geometric dimensions (reduction as a result of cor-
rosion wear of reinforcement, concrete, rolled steel);
–	 concrete strength;
–	 installed fittings do not correspond to the design, 
and the interface units, embedded parts and fasteners 
are destroyed or damaged.
The minimum permissible values of the controlled (de-

termining) parameters in formulas (3) and (4) are estab-
lished according to the results of calculations of building 
structures using the known methods of building mechanics 
and material resistance to determine the bearing capacity 
and compare it with the maximum effective forces:

F x t x t x t Fcr m[ ( ), ( ),.., ( )] ,1 2 > 	 (5)

where F x t x t x tcr m[ ( ), ( ),.., ( )]1 2  – the function of bearing capa
city; F  is determined by the results of simplified calculations 
or mathematical modeling of the SSS of structures and the 
building as a whole.

The parameters x t x t x tm1 2( ), ( ),.., ( ) are the dimensions of 
the cross section, the strength of the materials, including 
and as a function of time, deformation of the soil base, 
and the like. Determining the magnitude of the effective 
force F  for statically defined structures is not difficult 
from a fundamental point of view. For statically indefinable 
constructions, the value F  is determined by the results 
of mathematical modeling of the SSS established by the 
observation results.

The transition of inequality (5) to the equation indicates 
the exhaustion of the bearing capacity (resource) of the 
structure. Further operation is possible after reinforcement 
(replacement) or repair.

The calculation of the residual resource is performed 
in the following sequence  [4,  5]:

1.	 Structural inspection is carried out and controlled 
parameters are established: cross-sectional dimensions, 
strength characteristics of materials, the size and nature 
of the loads and effects are specified.

2.	 The bearing capacity of the structure is determined ac-
cording to the data of the observations F x t x t x tcr m[ ( ), ( ),.., ( )].1 2  
Based on the calculation results, maximum efforts F  are 
established.

F Fcr ≥ 	 (6)

are compared.
If the inequality holds, the bearing capacity is not ex

hausted.
3.	 The residual life tR  is determined using the assump-

tion regarding the linear dependence of the change in 
controlled parameters on time:

t t
F F

F FR
cr

pr cr

= ⋅
−
−

Δ ; 	 (7)

Δt t t= −1 0, 	 (8)
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where t0  – the operation commencement date of the struc-
ture (after manufacture, reinforcement or replacement) or 
preliminary examination, year; t1  – the date of the obser-
vation and the establishment of changes in the controlled 
parameters, year; Fpr  – the bearing capacity of the element, 
which is determined by the design data.

The determination of the residual resource should be 
carried out, if possible, on a larger basis (8). More pre-
cisely, a decision regarding the size of the resource can be 
obtained subject to the results of regular observations and 
definitions of controlled parameters and technical condition.

If inequality (6) is not satisfied, the element is in a state 
unsuitable for operation or in emergency.

In the presence of uneven base sediments, as well as 
during high-temperature influences, it will be advisable to 
carry out mathematical modeling, established by the results 
of a SSS observation of the structures and the building 
as a whole.

7.  SWOT analysis of research results

Strengths. The positive effect of applying the proposed 
methodology for determining the residual life of individual 
structures, buildings and structures as a whole can be 
considered the possibility of extending the life of the 
operation or performing reinforcement or replacement of 
structures. Reliability and durability of buildings in the 
process of construction should be ensured through the use 
of high-quality materials, compliance with the technology 
of work and full compliance with their design. Changes in 
controlled parameters under the influence of various factors 
during operation can lead to structural failure. Since most 
of the factors affecting the durability of buildings and 
structures are random in nature, therefore, the reliability 
and durability of building structures are determined by 
the laws of probability theory.

Weaknesses. The weakness of the developed methodology 
for determining the technical condition and residual life of 
structures is the significant dependence of the results of 
continuous monitoring, diagnostics of structures and soil 
of the base on the instruments used and design features.

It is necessary to regularly monitor the technical con-
dition of building structures, buildings and structures at 
various stages of their life cycle: design, construction, ope
ration, conservation, re-conservation, liquidation.

Opportunities. The forecast of changes in the parameters 
of the technical condition and residual life will make it 
possible to predict current and overhaul repairs of structures, 
to exclude losses from accidental destruction of structures. 
The basis of the organization of monitoring to ensure the 
operational safety of buildings and structures is to moni-
tor changes in indicators of controlled parameters of the 
technical condition and assess certain changes. The number 
and types of monitored parameters are determined by the 
monitoring program, the requirements of regulatory and 
design documentation, and the conditions for maintaining 
the operational properties of an object during its life cycle.

The proposed methodology for determining the techni-
cal condition and residual life of structures of buildings 
and structures can also be applied during the elimination 
of non-design impacts on structures (natural disasters, 
industrial accidents, etc.).

Threats. The complexity of the implementation of the 
research results lies in the need for significant investment 

in the development of a monitoring program, staff training 
and the purchase of modern instruments and equipment 
for structural diagnostics. In modern specialized construc-
tion testing laboratories, capital costs can be minimized.

8.  Conclusions

1.	 General requirements for monitoring the technical 
condition of structural elements, buildings and structures 
have been developed. In general, monitoring of construc-
tion sites is a system of monitoring their technical condi-
tion, receiving and transmitting information to services 
that are responsible for the safety of facilities. It is an 
independent element of the scientific and technical sup-
port of objects in the process of their construction and 
operation, ensures the reliability of construction objects 
and allows to predict their durability.

The basis of the organization of monitoring to en-
sure the operational safety of buildings and structures is 
monitoring of the changes in indicators of state parame
ters and assess certain changes. The number and types of 
controlled parameters are determined by the results of  
a previous observation, the requirements of regulatory and 
design documentation, the conditions for maintaining the 
operational properties of an object during its life cycle.

Reactions of changes in the technical condition of struc-
tural elements are recorded by sensors of the monitoring 
system, which allow to obtain data on the reaction of 
the object to external and internal influences, namely:

–	 movement of the object and individual elements in 
space in the form of deflections, sediments, rolls and 
the like;
–	 deformation in building structures;
–	 changes in the dynamic characteristics of building 
structures and the building as a whole;
–	 changes in the environment surrounding the moni-
toring object.
Continuous monitoring of the technical condition of 

buildings and structures using automated systems is orga-
nized on structures and buildings that are responsible for 
safety criteria. In this case, instruments and equipment are 
used with automatic storage, processing and transmission 
of measurement results through information communica-
tion channels.

The reliability of the obtained results must be ensured 
by the application of standardized methods for conducting 
research and determining controlled parameters, relevant 
instruments, equipment and measuring instruments.

As criteria for failures and damage, the limiting values 
of the parameters of the technical condition (the presence 
or absence of cracks, the width of the opening of cracks, 
deflections, displacements, strength and deformability of 
structural materials, etc.), which are usually set by design 
or regulatory documentation, should be considered.

2.	 Methods have been developed for calculating the 
stress-strain state and assessing the state of structures 
that have received defects and damage during operation. 
The strength of the structures of buildings and structures 
directly depends on the strength of the materials used 
(concrete, reinforcement), the location of the reinforce-
ment in the section, as well as on loads and effects.

The mathematical model of the building (or its automated 
analogue in the information system) makes it possible to 
carry out operational preliminary forecasting of the values 
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of the controlled parameters of building structures. The 
result of the previous operational forecast is the conclu-
sion about the operational suitability of controlled build-
ing structures, taking into account a possible tendency to 
worsen their technical condition. The forecast for the output 
of the recorded values of certain parameters of building 
structures of the limit of a given criterion is the basis for 
making decisions on the possibility of further operation of 
a building or structure.

3.	 Methods have been developed for determining the 
residual life of structures of buildings and structures based 
on monitoring results.

Determination of the residual life of structures of buildings 
and structures is carried out on the basis of data obtained 
as a result of monitoring. According to the results of the 
analysis of technical documentation, visual and instrumen-
tal examination, a preliminary assessment of the technical 
condition of structures, buildings and structures as a whole 
is carried out and a conclusion is made about the need 
for mathematical modeling of SSS or simplified structural 
calculations. A preliminary assessment of the technical con-
dition is based on the evaluation criteria. The forecast of 
changes in the technical condition during further operation 
is carried out on the basis of the analysis of degradation 
processes and the identification of the compliance of the 
actual parameters of the technical condition with the re-
quirements of design and regulatory documentation.

A methodology for calculating the residual resource of 
the structures of buildings and structures based on data 
obtained during monitoring is presented.
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