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Abstract: The stress-strain state of reinforced concrete elements is rather complicated
issue of scientific research, which integrates different factors, such as the load type,
atmospheric conditions, various defects, damages, geometric deviations. It is
commonly known that corrosion of reinforced concrete elements affects both the
strength and deformation parameters of the structure significantly; thus, internal
stresses’ parameters are also influenced. Therefore, detailed theoretical investigation
of this issue is the main goal of this article. The detailed literature review and thorough
analysis was conducted concerning previous experimental and theoretical studies of
the corrosion defects™ influence on the reinforced concrete elements’ stress-strain
state. Existing data and results were systematized and analyzed. On the basis of
provided research it could be concluded that the reinforced concrete elements” stress-
strain state greatly depends on existing damages and impurities. The stress-strain state
could be complicated on micro-scale due to material chemical and mechanical
peculiarities; simultaneously on macro-scale the bearing capacity is of the structure
could be reduced in general. In the articles existing methods for this issue simulation
and evaluation are described and perspective fields for further research are identified.
The practical significance of the article is due to complex approach to the research and
multilateral identification of the main issue key points.
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1. INTRODUCTION

Construction industry is mainly associated with significant capital investments required
for new construction and dependence on external factors of scientific and technological
scale, as well as on the world economic market. Therefore, the great attention is paid
to the issue of optimal usage and proper exploitation of existing residential and
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industrial construction funds, their optimization, reconstruction, strengthening
(Tryapitsin et. al., 2019, Adhikary et. al., 2015).

Reinforced concrete structures nowadays are increasingly becoming the main choice
in the construction industry (Tryapitsin et. al., 2019, Jung et. al., 2019, Bobalo et. al.,
2019, Christodoulou and Goodier, 2014, Blikharskyy, 2019, Selejdak et. al., 2020,
Krainskyi, 2020, Bobalo et. al., 2020). According to Jung et. al.,, 2019 reinforced
concrete structures are commonly subjected to various negative impacts, one of the
most remarkable of which are corrosion influences. During this process the strength
and deformation parameters of the structure could significantly change. Therefore
development of reliable methods for evaluation of reinforced concrete elements’ stress-
strain state due to corrosion impacts requires particular attention.

2. PURPOSE OF THE RESEARCH

The work includes detailed review of existing experimental and theoretical studies, in
which corrosion defects’ influence on the stress-strain state of reinforced concrete
elements is investigated. Article aims to provide thorough analysis and systematization
of the results of scientific works. Also, the task of the study is to outline promising areas
of development of this topic and provide recommendations for further experimental and
theoretical research.

3. ANALYSIS OF RECENT RESEARCH

As the reinforced concrete recently has become the most common structural material
the great number of scientific works were devoted to the study of its™ properties in
various exploitation conditions (Indeitsev et.al., 2018, Statsenko and Mitasov, 2018,
Slaitas et.al., 2020, Fouzia et. al., 2019, Blikharskyy et. al., 2020, Khmil et. al., 2019,
Pavlikov et.al., 2018, Karpiuk et. al., 2019). In theoretical and experimental studies was
analyzed performance of reinforced concrete elements under different loading
conditions and external negative impacts.

It is important to admit, that due to specific microstructural properties of the material
and its synergic nature the distribution of deformations, internal forces and non-force
effects is rather complicated. Corrosion impacts with their non-uniform complex
chemical and physical parameters could be the reason of significant changes in stress-
strain state of the structural element. Authors (Indeitsev et.al., 2018, Statsenko and
Mitasov, 2018, Slaitas et.al., 2020, Fouzia et. al., 2019, Blikharskyy et. al., 2020, Khmil
et. al., 2019, Pavlikov et.al., 2018, Karpiuk et. al., 2019, Zandi, 2010, Radchenko et/al/,
2019) studied reinforced concrete elements in various complex load conditions,
including permanent and short-term loading and environmental effects. Such effects
were noted as plastic deformations® accumulation and calculation scheme
complication, which require complex mathematical simulation models. Number of
studies were also devoted to various strengthening techniques, taking into account the
structures” features (Vatulia et. al., 2019, Kos and Klimenko, 2019, Azizov et. al., 2019).
Authors (Mackechnie and Alexander, 2001) [describe corrosion process as the
inevitable process during which materials® components return to more stable condition
under the exposure of aggressive environments. Corrosion damages have become an
urgent problem in construction industry due to significant number of pathological effects
on infrastructure (Karpiuk et. al., 2019, Thomas et. al., 2013, Habita, 1992). Such
damages could develop rapidly and be invisible during a long period after the structural
integrity had already been compromised.
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With the development of external influences of the aggressive environment both
quantitative and qualitative internal efforts” parameters change. Therefore, rational
design and reconstruction decisions could be obtained only if the corrosion influences’
on the kinetics of stress-strain changes is assessed. Obviously, the correct formulation
of reconstruction decision is possible only with comprehensive assessment of a
particular structural element and thorough definition of its stress-strain state (Varlamov
et. al., 2019).

For today the theoretical and experimental studies of aggressive environment and local
load combined effect on reinforced concrete element have not given the proper
evaluation technique (Blikharskyy. et. al., 2017). As was shown (Khmil et. al., 2009),
the method of these dangerous factors™ assessment, proposed in normative regulations
significantly overestimates the bearing capacity of corroded reinforced concrete
structures. The work shows an increase in the deformability of the samples with the
combined action of local load on them and sulfuric acid. The effect of corrosion on the
reinforcing component of this system is associated with complex changes in the stress-
strain state of the structure in general.

The decisive factor in this issue is chemical aspect of components™ joint action. Authors
(Indeitsev et. al., 2018) pay their attention to alkaline-aggregate reactions, which lead
to accumulation of alkaline-silica gel products, subsequent internal pressures and
cracking of concrete stone. In order to fully investigate this issue should be developed
the set of studies, including field inspection of structures, detection and distribution of
defects, aggressive conditions, monitoring of critical degradation kinetics, laboratory
tests on samples collected from one or more components of the affected concrete.
The number of works (Ayinde et. al., 2019, Kuter et. al., 2005) were devoted to analysis
of the chloride corrosion mechanism. As additional negative factors the conditions of
repeated wetting, freezing and thawing, as well as dynamic loads were specified.
Reliable modeling techniques finite element analysis and ABAQUS simulation (Ayinde
et. al., 2019) and probabilistic method (Kter et. al., 2005) were used. Such probabilistic
approaches have recommended itself as reliable way to obtain detailed qualitative and
guantitative information about the level of structural reliability. Thus, taking into
consideration specifics of material degradation processes the kinetics of stress-strain
changes in structural elements could be accurately predicted. However, the main
obstacle to the introduction of such a technique in practical application is the large
number of unsystematized probabilistic models for such processes and, accordingly, a
significant amount of input data for more complex mathematical modeling.

Research (Teply and Novak, 2012) mostly focuses on the carbonate corrosion, which
is generally determined by the diffusion environmental processes and its subsequent
reactivity with concrete with a corresponding decrease in pH to 8.3. After the
carbonization depth reaches the steel bars, depassivation processes begin and,
simultaneously the corrosion of reinforcement starts. The speed and intensity of such
process is the integrated result of many parameters, including thickness and
permeability of concrete, ambient temperature, relative humidity and carbon dioxide
content, type and composition of concrete, gradients, hardening conditions, etc.
Authors (Teply and Novak, 2012) propose to represent in simulation techniques all the
above indicated parameters as random variables of a certain range.

However, it should be noted, that the chemical processes during corrosion act
simultaneously as the negative mechanical factors. Thus, as was stated (Fouzia et. al.,
2019), despite the fact that some components of concrete are chemically quite passive,
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availability of specific thermal and chemical environmental conditions could cause the
certain gel phase formation; after that micro-cracks in the cement stone appear and the
fragile destruction takes place. This aspect should be taken into consideration during
the design of reinforced concrete structures, which have tendency to fragile destruction,
such as prestressed reinforced concrete elements. Newly introduced simulation
techniques (Dai et. al., 2020) provided reliable assessment of localized corrosion
complex phenomenon and corresponding strength and prestress losses. Also non-
linear character of bearing capacity reduction was noted with sharp decrease at certain
level due to weak interphase interaction of the material components.

Fracture degradation was identified also by authors (Sahinagié-lsovi¢ and Cecez,
2013), where authors emphasize on the necessity to analyze the RC element as the
composite structure, rather than as separate components, in particular under the
negative impacts.

Le et al., 2017 in their work propose the use the combination of different approaches
during corrosion process simulation. According to author (Sahinagi¢-Isovié¢ and Cecez,
2013) such an approach is the only possible way to reliably analyze complex
degradation process and identify components of the stress-strain state of the reinforced
concrete element, in particular to define the full field of deformation. Similarly (Teply
and Novak, 2012) the complex of probabilistic simulation techniques and appropriate
software (software RC LifeTime, FReET-D) were used, which enabled to take into
account the environmental on the design situation, boundary conditions of reinforced
concrete structures

4. CONCLUSION PERSPECTIVES FOR FUTHER RESEARCH

In the article is provided the detailed review and analysis of existing experimental and
theoretical studies concerning the issue of corrosion defects™ influence on the stress-
strain state of reinforced concrete elements. Thorough analysis and systematization of
previous scientific work results is conducted and corresponding conclusions could be
made. As could be seen from the review of the main scientific achievements and
developments, corrosion defects in reinforcement cause significant complication of the
stress-strain state and reduction of the structure bearing capacity.

In the number of works authors argue the necessity to use multi-parameter simulation
techniques and probabilistic method in order to obtain reliable assessment of changes
in the stress-strain state of the reinforced concrete structure. Various internal and
external factors need to be taken into consideration, including sample type, nature of
external load (bending, central or off-center compression), time of chemical reactions,
aggressive environment, temperature, etc.

Based on conducted research in could be stated that the reinforced concrete element,
subjected to corrosion impact should be investigated as the complex composite
structure with corresponding synergic properties. It could be argued that it is advisable
to continue experimental and theoretical research of this issue. Recommendations for
further research are to conduct more complex research and formulate an appropriate
method of taking into account corrosion defects. Such method will have the remarkable
practical significance and could be used for more reliable decisions on reconstruction
and reinforcement.
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