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This review analyzes key factors contributing to damage in reinforced concrete (RC) structures, 
including reinforcement corrosion, chemical attacks, cyclic and long-term mechanical loads, and 
extreme temperature effects. The study highlights crack formation as a primary damage mechanism, 
leading to structural degradation. Advanced computational modeling techniques, such as finite 
element analysis, offer valuable insights into crack propagation and corrosion processes but require 
further refinement. Future research should focus on developing high-performance materials, impro-
ving corrosion protection methods, and refining predictive models. Additionally, sustainable reha-
bilitation techniques and experimental validation of damage mechanisms are essential for enhancing 
the durability and serviceability of RC structures. 
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Introduction 

Reinforced concrete (RC) structures are widely used in construction due to their strength, 
durability, and versatility. However, over time, these structures are subject to various damaging factors 
that can reduce their load-bearing capacity, affecting their safety and longevity. The performance of RC 
structures is influenced by a multitude of factors, including mechanical stresses, environmental influen-
ces, and material degradation. Corrosion of reinforcement, thermal effects, and aggressive chemical 
attacks are some of the leading causes of damage that contribute to the deterioration of these structures. 

In addition to physical and environmental factors, poor design, inadequate construction practices, 
and insufficient maintenance can exacerbate the damage to RC structures. These factors often lead to 
cracks, spalling, and, in extreme cases, catastrophic failure of structural components. As these issues 
evolve over time, it becomes increasingly important to assess and understand the causes of damage and 
the subsequent loss of load-bearing capacity. 

This review aims to provide an in-depth analysis of the primary factors contributing to the damage 
and degradation of RC structures, while also highlighting recent advancements in research and innovative 
methods for assessing and preventing such damage. Emphasizing the need for proactive measures in the 
design and maintenance of RC structures, the study presents a comprehensive understanding of how 
various external and internal influences contribute to the failure mechanisms of reinforced concrete. 

Given the widespread use of reinforced concrete in infrastructure, from bridges and buildings to 
dams and tunnels, understanding the mechanisms behind structural damage is crucial for improving the 
sustainability and safety of existing and future constructions. The findings of this review underscore the 
need for continued research and development of diagnostic techniques, materials, and preservation 
strategies to mitigate the risks associated with damage to RC structures. Furthermore, the insights gained 
from this analysis are integral to optimizing structural design, maintenance protocols, and rehabilitation 
efforts, ensuring that RC structures can withstand both environmental and mechanical challenges over 
their operational lifespan. 
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Materials and methods 

In modern construction of buildings and structures, the predominant share belongs to the use of 
reinforced concrete (RC) structures (Bobalo et al., 2019; Verma et al., 2014). RC plays a crucial role in fully 
utilizing strength indicators, creating various forms, ensuring fire resistance, durability, and economic 
efficiency. The use of RC allows for the creation of structures with high load-bearing capacity, capable of 
withstanding significant external loads (Vatulia et al., 2014). Over time, improvements in RC have made it a 
universal material for various construction applications and the implementation of different structural types. 

RC owes its versatility to the synergy of its constituent materials: concrete withstands compressive 
loads, while steel reinforcement resists tensile stresses, both as working and structural reinforcement 
(Karpiuk et al., 2020). The first proposal to combine concrete with metal elements was made by French 
gardener Joseph Monier in the late 19th century to create garden pipes and planters (Meier, 1995). Over 
time, the idea of integrating these materials into a single system RC was rapidly adopted in bridge, building, 
and infrastructure construction (Meier, 1995). In 1886, François Hennebique first applied RC for 
constructing buildings and structures, and his innovative design approaches enabled the achievement of 
high-performance characteristics (Meier, 1995). 

With each decade, research into the mechanical properties and behavior of RC under loads has 
increased significantly, leading to improved design and construction methods (Triantafillou, 1998). A 
crucial aspect today is the reliability and durability of RC structures, which can only be ensured through 
proper technical supervision and timely restoration work (Blikharskyy, 2021). High fire and corrosion 
resistance provide an additional level of safety and longevity for structures (Broomfield, 2007). The use of 
RC reduces construction costs, while innovative supplementary materials and advanced manufacturing tech-
nologies further enhance strength properties (Oehlers, 2004; Broomfield, 2007). 

Modern research in the development of new materials and technologies, such as fiber-reinforced 
concrete, nanotechnologies, and polymer-based materials, opens new prospects for the modernization of RC 
structures, enhancing their strength, resistance to aggressive environments, and overall durability (Meier, 
1995). 

Over time, RC structures are subject to various types of damage and defects, potentially leading to 
failure under poor operational conditions (Bobalo et al., 2019). Damage primarily arises due to prolonged 
service life under mechanical and technological stresses, as well as exposure to aggressive environments 
(Rezaie et al., 2020; Klymenko & Polyanskyi, 2019). 

Such damage and defects in RC structures reduce their load-bearing capacity, leading to reliability 
issues and decreased durability (Voskobiinyk, 2010; Chiu et al., 2019). Early detection and repair of 
damages are critical for ensuring the longevity of structures (Bazant, 1998). Research by Bastidas and 
(Bastidas, 2020) provides a detailed classification of damages and defects in RC structures caused by 
various factors. One such classification highlights technological influences, which include poor adherence to 
construction tolerances, improper concreting practices, violations of assembly requirements, and issues 
related to transportation and on-site installation (Blikharskyy & Kopiika, 2019). 

One of the most common deficiencies is inadequate protective layer thickness, inaccuracies in 
geometric dimensions, and deviations in the physical and mechanical properties of materials (Blikharskyy, 
2019; Blikharskyy, 2020). 

The classification of damage is also addressed in regulatory engineering practices in Ukraine DSTU-
N B V.1.2-18:2016 “Guidelines for the inspection of buildings and structures to determine and assess their 
technical condition” and in the European standard DCC-104 RILEM (Rilem Technical Committees, 1991). 
The effect of aggressive environments on concrete and reinforcement has been the focus of multiple studies, 
particularly in terms of damage occurring both in the zone of maximum moment and across the entire cross-
section (Fu et al., 2017; Smith, 2007). Structures in the chemical industry are particularly susceptible to such 
damage due to the high concentration of compounds that degrade RC. 

A key observation made by various researchers is the gradual reduction in load-bearing capacity with 
increasing corrosion levels. Specifically on (Blikharskyy, 2005) focuses on studying corrosion processes 
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under simultaneous loading conditions and evaluating changes in the stress-strain state of RC structures 
under these conditions. In modern construction research, corrosion in RC structures remains a highly 
relevant issue. The primary consequences of corrosion include a reduction in the cross-sectional area of the 
steel reinforcement and damage to the compressed concrete zone. Such deterioration leads to an abrupt 
decline in the physical and mechanical properties of materials. Studies conducted by both Ukrainian and 
international researchers have provided assessments of the impact of corrosion damage on the actual load-
bearing capacity of RC structures (Bastidas-Arteaga et al., 2009; Savitskyi, 2003; Mahmoodian, 2020). 

The most destructive phase of corrosion occurs when reinforcement is exposed (Ye, 2013). This 
process follows a two-stage sequence: initially, aggressive substances (compounds) and air migrate through 
the pores and cracks in the concrete, reaching the steel reinforcement (Zhao et al., 2023; James et al., 2019; 
Angst, 2018). The next stage involves an active chemical corrosion process, during which corrosion 
products are formed on the reinforcement surface. The presence of moisture, oxygen, and various chemical 
compounds accelerates corrosion, leading to a reduction in the reinforcement's cross-sectional area 
(Malumbela et al., 2010; Xu et al., 2018). 

Corrosion significantly impacts the load-bearing capacity of RC beams, particularly when the 
reinforcement cross-section decreases due to corrosion, as demonstrated in research by (Torres-Acosta et al., 
2007). Corrosion processes have been examined in greater detail in studies by (Angst, 2018; Otieno et al., 
2011), while the propagation of corrosion in crack zones is explored in (Lin, 1990). 

A particularly important research area involves assessing the influence of corrosion on the stress-
strain state of RC structures. Studies by (Yuan et al., 2024; Peng et al., 2024) suggest that one of the most 
effective solutions to this issue is the use of special concrete additives to enhance the necessary physical and 
mechanical properties. For example, (Song et al., 2019) developed a superhydrophobic concrete (S-
concrete) coating with a sliding angle of 6.5 ± 0.5° and a contact angle of 160 ± 1°. This coating provides 
high mechanical strength at a low cost while maintaining superhydrophobic properties even after scratching 
or abrasion. Moreover, S-concrete demonstrates excellent anti-icing properties and high corrosion 
resistance, making it practical for use in specific regions. 

Another research direction involves establishing the relationship between corrosion levels and crack 
formation in RC structures, as cracking is a critical factor in the corrosion process of reinforcement bars 
(Corral-Higuera et al., 2011; Mundra et al., 2017). In a study by (Fursa et al., 2017), a promising method for 
assessing corrosion damage was proposed, where the primary indicator of corrosion intensity is the width of 
cracks. 

Since RC consists of two materials (concrete and steel), their joint performance is crucial and depends 
on the bond between them. Corrosion weakens this bond, ultimately reducing the overall load-bearing 
capacity of the structure (Gu et al., 2018). The contact between concrete and reinforcement plays a vital role 
in ensuring proper adhesion. A study by (Chen et al., 2019) examined the effects of key concrete design 
parameters including the water-to-cement ratio, concrete cover thickness, and aggregate size on the 
microstructure of the reinforcement-concrete interface. 

Corrosion of reinforcement and concrete leads to crack formation, and in advanced stages, it can 
cause spalling of concrete layers. This is considered one of the most critical damage types due to its negative 
impact on the stress-strain state of RC structures (Chrysafi et al., 2017; Pozzer et al., 2021). Cracks in RC 
structures arise not only over time due to loading but also from various other factors. They may originate 
during the manufacturing stage or develop during operation. The primary causes include improperly 
designed reinforcement frameworks, insufficient concrete cover, excessive prestressing force, technological 
influences, shrinkage deformations, as well as environmental and thermal effects (Patel and Peralta, 2017). 

A study by (Khiem and Toan, 2014) derived a Rayleigh coefficient considering an arbitrary number 
of cracks and developed a simplified sequential tool for modal analysis of cracked structures. Other studies 
(Ercolani et al., 2018; Khiem and Toan, 2014) highlight that the key parameter governing stress 
redistribution in structures is crack width. Numerical modeling of cracks in software systems has made it 
possible to predict crack formation and its impact on the stress-strain state of RC structures (Cohen et al., 
2018; Kwan and Ma, 2016). In another study (Nuguzhinov et al., 2020), analytical expressions were 
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obtained to determine the external bending moment and pre-stresses at which normal cracks form 
perpendicular to the axis. This allows for assessing the load-bearing capacity of RC structures at the design 
stage according to both limit state groups and evaluating their actual technical condition in service. 

Research on the residual load-bearing capacity of RC beams with existing damage has been explored 
in various studies. Experimental results indicate that the deformation behavior of flexural elements is highly 
dependent on defects and damage, particularly in the compressed concrete zone. Damage in this region leads 
to a reduction in the ultimate strain of concrete and causes a shift in the neutral axis (Klymenko and 
Polyanskyi, 2019). 

RC structures subjected to bending experience significant loads during operation. Special attention is given 
to damage in the compressed concrete zone, as defects in this region can lead to serious structural problems and a 
reduction in overall load-bearing capacity. The primary factors affecting damage in the compressed zone include 
technological influences, mechanical loads, aggressive environments, and chemical factors. 

Mechanical loads, particularly long-term loading, are among the most common causes of damage to the 
compressed concrete zone in flexural RC structures. Research by (Bazant, 1998) indicates that sustained 
loading causes concrete creep, leading to microcrack formation and a reduction in the strength of the 
compressed concrete fibers. Cyclic loading accelerates material fatigue, resulting in progressive microcracking 
and initiating a stepwise deterioration process in concrete (Fatemi and Yang, 1998). 

Developed (Golos and Ellyin, 1987) a method that incorporates both crack initiation and propagation 
stages. Their damage criterion is based on the concept of cumulative strain energy density as a key damage 
parameter. The effect of mean stress on damage accumulation is also incorporated into this formulation. 
Furthermore, the influence of loading sequence was investigated using a novel testing setup that enables precise 
control over stress states and fracture zones. Their stepwise deformation modeling approach accounts for load 
sequence effects, predicting fatigue life and the complete evolution of deformation under cyclic loading. 

Aggressive environments, particularly the presence of sulfates, chlorides, and acids, significantly impact 
the condition of the compressed concrete zone. Corrosion of reinforcement due to chloride penetration or 
carbonation-induced deterioration leads to crack formation in concrete, reducing its strength (Broomfield, 
2007). This study presents an innovative poromechanics based model for analyzing concrete subjected to low 
temperatures, incorporating nanoscale length-scale effects and a comprehensive review of alkali-aggregate 
reaction modeling in concrete. 

Another major environmental factor affecting RC structures is freeze-thaw cycles, which contribute 
significantly to concrete degradation. Developed (Fagerlund, 1977) found that these cycles induce microcracks 
in concrete, leading to its progressive deterioration. To mitigate this issue, additional admixtures should be 
incorporated into concrete during manufacturing, especially for structures exposed to open environmental 
conditions. 

Chemical agents such as sulfates and acids contribute to the chemical degradation of concrete. Sulfate 
penetration into the concrete pores and depth leads to the formation of ettringite, which initially causes 
expansion and, over time, results in the destruction of the compressed concrete zone (Gollop and Taylor, 
1992; Santhanam and Cohen, 2002). Investigated key aspects of sulfate attack on concrete and proposed 
monitoring methods along with modeling criteria for sulfate-induced damage (Santhanam and Cohen, 
2002). Acid exposure also negatively affects RC structures by dissolving the cement matrix, which 
accelerates crack formation and expansion in concrete (Taylor et al., 2001). 

A reduction in the load-bearing capacity of RC structures also occurs due to temperature effects, 
whether excessively high or low (Hibner, 2017). In fire conditions, concrete suffers damage to its protective 
layer, leading to a decrease in overall strength and deformation parameters (Broomfield, 2007). Temperature 
fluctuations induce thermal expansion and contraction of concrete, causing thermal cracking. High 
temperatures, in particular, contribute to the degradation of concrete structure and a reduction in structural 
load-bearing capacity (Hlavička et al., 2024; Zhou et al., 2024). 

Examined the effect of temperature on concrete spalling and provided recent findings suggesting that 
spalling should not occur under certain conditions, emphasizing the need to account for it during structural 
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design (Hager, 2013). Fire-induced concrete spalling damages the cross-section and significantly reduces 
the structural load-bearing capacity. 

Nowadays, computational modeling is widely used to study damage in RC structures. Employed non-
traditional finite element methods to model fiber-reinforced RC beam-columns (Wang et al., 2013). The 
study demonstrated that modeling allows for predicting the formation and progression of microcracks in 
concrete. Developed (Lee et al., 2016) a simulation program for chloride attack, incorporating a two-
dimensional finite element method to predict chloride ion penetration. Each discretized element in the finite 
element model was treated as an independent object capable of storing necessary parameters and 
autonomously calculating chloride content values, facilitating the simulation of failure in critical regions. 
The findings indicate that the deterioration of reinforcement due to corrosion in RC structures is 
significantly influenced not only by the damaged concrete but also by the structural geometry, which plays a 
crucial role in the overall degradation process. 

Results and discussion 

The analysis of damage mechanisms in reinforced concrete (RC) structures highlights the significant 
impact of various physical, chemical, and mechanical factors on their durability and load-bearing capacity. 
Corrosion of reinforcement and concrete degradation due to environmental exposure lead to progressive 
cracking, spalling, and ultimately structural failure. Among the primary causes, improper reinforcement 
design, inadequate concrete cover, excessive pre-stressing forces, and technological defects during cons-
truction contribute to early damage initiation. Moreover, shrinkage-induced deformations, atmospheric and 
temperature influences further exacerbate the degradation of RC structures over time. 

One of the most critical aspects affecting structural integrity is the formation and propagation of 
cracks, which not only weaken the structure but also serve as pathways for aggressive agents such as 
chlorides, sulfates, and carbon dioxide. These chemical agents penetrate the concrete matrix, triggering 
reinforcement corrosion and causing expansive reactions, such as ettringite formation, which lead to further 
deterioration. Additionally, exposure to cyclic loading induces fatigue-related microcracks, progressively 
reducing the structure’s strength. Long-term mechanical loads contribute to creep deformations, affecting 
the stiffness and serviceability of RC elements. 

Fire exposure and extreme temperature variations also have a profound impact on the stability of RC 
structures. At elevated temperatures, concrete undergoes thermal expansion, spalling, and degradation of its 
mechanical properties, leading to a significant reduction in load-bearing capacity. Cold-weather conditions, 
particularly freeze-thaw cycles, accelerate crack formation and contribute to concrete disintegration. This 
necessitates further exploration of advanced concrete mixtures incorporating supplementary cementitious 
materials and chemical admixtures to improve resistance against thermal effects and environmental degradation. 

Computational modeling has proven to be an essential tool for predicting damage evolution in RC 
structures. Advanced finite element models allow for the simulation of crack initiation, chloride penetration, 
and fatigue damage progression, providing a valuable framework for assessing structural reliability. However, 
existing models require further refinement to incorporate multi-scale deterioration mechanisms, including 
nanomechanical interactions and microstructural changes in concrete due to aggressive environments. 

Conclusions 

Given the extensive damage mechanisms identified in RC structures, future research should focus on: 
1. Development of advanced materials – investigating high-performance concrete mixtures with self-

healing properties, fiber reinforcement, and nano-additives to enhance resistance against chemical and 
mechanical degradation. 

2. Enhanced corrosion protection strategies – implementing innovative protective coatings, cathodic 
protection methods, and chloride-resistant reinforcement materials to extend the service life of RC structures. 

3. Refinement of computational models – developing multi-scale numerical models that integrate 
deterioration kinetics, chemical diffusion processes, and mechanical damage evolution to improve 
predictive accuracy. 
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4. Experimental validation of damage mechanisms – conducting large-scale laboratory and field tests 
to analyze the long-term behavior of RC structures under real-world loading and environmental conditions. 

5. Sustainable rehabilitation techniques – exploring eco-friendly restoration methods, such as bio-
based repair materials and low-carbon cement alternatives, to minimize environmental impact while 
enhancing structural resilience. 

By addressing these critical research gaps, future advancements in material science, structural 
engineering, and computational modeling will contribute to the development of more durable and 
sustainable RC structures capable of withstanding complex environmental and mechanical stressors. 

Acknowledgments 
This work was supported by the National Research Foundation of Ukraine (Grant No. 

2023.05/0026). 

References 

Angst, U. M. (2018). Challenges and opportunities in corrosion of steel in concrete. Materials and Structures, 
51(4), 1–20. https://doi.org/10.1617/s11527-017-1131-6 

Bastidas, D. M., & Bastidas, J. M. (2020). Corrosion of reinforced concrete structures. Frontiers in Materials, 7, 
170. https://doi.org/10.3389/fmats.2020.00170 

Bastidas-Arteaga, E., Bressolette, P., Chateauneuf, A., & Sánchez-Silva, M. (2009). Probabilistic lifetime 
assessment of RC structures under coupled corrosion-fatigue deterioration processes. Structural Safety, 31(1), 84–96. 
https://doi.org/10.1016/j.strusafe.2008.04.001 

Bazant, Z. P., & Planas, J. (1998). Fracture and size effect in concrete and other quasibrittle materials. CRC 
Press. https://doi.org/10.1201/9780203756799 

Blikharskyy, Y. (2020). Calculation of damage RC constructions according to deformation model. Theory and 
Building Practice, 2(2), 99–106. https://doi.org/10.23939/jtbp2020.02.099 

Blikharskyy, Y. (2021). Experimental results of damaged RC beams. Theory and Building Practice, 3(1), 100–
105. https://doi.org/10.23939/jtbp2021.01.100 

Blikharskyy, Y. Z., & Kopiika, N. S. (2019). Research of damaged reinforced concrete elements, main methods 
of their restoration and strengthening. Resource-Saving Materials, Structures, Buildings and Structures, 37, 316–322. 
http://nbuv.gov.ua/UJRN/rmkbs_2019_37_40 

Blikharskyy, Y. Z., & Kopiika, N. S. (2021). Comparative analysis of approaches to assessing the reliability of 
building structures. Ukrainian Journal of Construction and Architecture, 3, 46–55. https://doi.org/10.30838/J.BPSA 
CEA.2312.010721.46.766 

Blikharskyy, Z. Ya. (2005). Stress-strain state of reinforced concrete structures in an aggressive environment 
under load (Doctoral dissertation), Kyiv. https://uacademic.info/en/document/0505U000494 

Bobalo, T., Blikharskyy, Y., Kopiika, N., & Volynets, M. (2019). Serviceability of RC beams reinforced with high 
strength rebar’s and steel plate. Lecture Notes in Civil Engineering, 47, 25–33. https://doi.org/10.1007/978-3-030-27011-7_4 

Broomfield, J. P. (2007). Corrosion of steel in concrete: Understanding, investigation and repair. CRC Press. 
https://doi.org/10.1201/9781003223016 

Chen, F., Li, C. Q., Baji, H., & Ma, B. (2019). Effect of design parameters on microstructure of steel-concrete inter-
face in reinforced concrete. Cement and Concrete Research, 119, 1–10. https://doi.org/10.1016/j.cemconres.2019.01.005 

Chiu, C. K., Sung, H. F., Chi, K. N., & Hsiao, F. P. (2019). Experimental quantification on the residual seismic 
capacity of damaged RC column members. International Journal of Concrete Structures and Materials, 13(1), 1–22. 
https://doi.org/10.1186/s40069-019-0338-z 

Chrysafi, A. P., Athanasopoulos, N., & Siakavellas, N. J. (2017). Damage detection on composite materials 
with active thermography and digital image processing. International Journal of Thermal Sciences, 116, 242–253. 
https://doi.org/10.1016/j.ijthermalsci.2017.02.017 

Cohen, M., Monteleone, A., & Potapenko, S. (2018). Finite element analysis of intermediate crack debonding in 
fibre reinforced polymer strengthened reinforced concrete beams. Canadian Journal of Civil Engineering, 45(10), 840–
851. https://doi.org/10.1139/cjce-2017-0439 

Corral-Higuera, R., Arredondo-Rea, S. P., Neri-Flores, M. A., Gómez-Soberón, J. M., Calderón, F. A., 
Castorena-González, J. H., & Almaral-Sánchez, J. L. (2011). Sulfate attack and reinforcement corrosion in concrete with 



Overview of damage factors of reinforced concrete structures and their impact on load-bearing capacity  79

recycled concrete aggregates and supplementary cementing materials. International Journal of Electrochemical Science, 
6(3), 613–621. https://doi.org/10.1016/S1452-3981(23)15020-6 

Ercolani, G. D., Felix, D. H., & Ortega, N. F. (2018). Crack detection in prestressed concrete structures by 
measuring their natural frequencies. Journal of Civil Structural Health Monitoring, 8, 661–671. 
https://doi.org/10.1007/s13349-018-0295-2 

Fagerlund, G. (1977). The significance of critical degrees of saturation at freezing of porous and brittle materials. 
Durability of Building Materials, 2(3), 217–225. https://lup.lub.lu.se/search/files/4759429/1553671.pdf 

Fatemi, A., & Yang, L. (1998). Cumulative fatigue damage and life prediction theories: A survey of the state of the 
art for homogeneous materials. International Journal of Fatigue, 20(1), 9–34. https://doi.org/10.1016/S0142-
1123(97)00081-9 

Fu, C., Jin, N., Ye, H., Jin, X., & Dai, W. (2017). Corrosion characteristics of a 4-year naturally corroded 
reinforced concrete beam with load-induced transverse cracks. Corrosion Science, 117, 11–23. 
https://doi.org/10.1016/j.corsci.2017.01.002 

Fursa, T. V., Dann, D. D., Petrov, M. V., & Lykov, A. E. (2017). Evaluation of damage in concrete under uniaxial 
compression by measuring electric response to mechanical impact. Journal of Nondestructive Evaluation, 36(2), Article 
30. https://doi.org/10.1007/s10921-017-0411-y 

Gollop, R. S., & Taylor, H. F. W. (1992). Microstructural and microanalytical studies of sulfate attack. I. Ordinary 
Portland cement paste. Cement and Concrete Research, 22(6), 1027–1038. https://doi.org/10.1016/0008-8846(92)90033-R 

Golos, K., & Ellyin, F. (1987). Generalization of cumulative damage criterion to multilevel cyclic loading. 
Theoretical and Applied Fracture Mechanics, 7(3), 169–176. https://doi.org/10.1016/0167-8442(87)90032-2 

Gu, X., Guo, H., Zhou, B., Zhang, W., & Jiang, C. (2018). Corrosion non-uniformity of steel bars and reliability of 
corroded RC beams. Engineering Structures, 167, 188–202. https://doi.org/10.1016/j.engstruct.2018.04.020 

Hager, I. (2013). Behaviour of cement concrete at high temperature. Bulletin of the Polish Academy of Sciences: 
Technical Sciences, 61, 145–154. http://psjd.icm.edu.pl/psjd/element/bwmeta1.element.oai-journals-pan-pl-83679/c/oai-
journals-pan-pl-83679_full-text_paper_13.pdf 

Hibner, D. R. (2017). Residual axial capacity of fire exposed reinforced concrete columns (Master’s thesis). 
Michigan State University. https://www.proquest.com/openview/928d94f115983c0c02629b4754e7710c/1?pq-
origsite=gscholar&cbl=18750 

Hlavička, V., Biró, A., Tóth, B., & Lublóy, É. (2024). Fire behaviour of hollow core slabs. Construction and 
Building Materials, 411, Article 134143. https://doi.org/10.1016/j.conbuildmat.2023.134143 

James, A., Bazarchi, E., Chiniforush, A. A., Aghdam, P. P., Hosseini, M. R., Akbarnezhad, A., & Ghodoosi, F. 
(2019). Rebar corrosion detection, protection, and rehabilitation of reinforced concrete structures in coastal environments: 
A review. Construction and Building Materials, 224, 1026–1039. https://doi.org/10.1016/j.conbuildmat.2019.07.250 

Karpiuk, V., Somina, Y., & Maistrenko, O. (2020). Engineering method of calculation of beam structures inclined 
sections based on the fatigue fracture model. In Proceedings of CEE 2019: Advances in Resource-saving Technologies 
and Materials in Civil and Environmental Engineering 18 (pp. 135–144). Springer International Publishing. 
https://doi.org/10.1007/978-3-030-27011-7_17 

Khiem, N. T., & Toan, L. K. (2014). A novel method for crack detection in beam-like structures by measurements 
of natural frequencies. Journal of Sound and Vibration, 333(18), 4084–4103. https://doi.org/10.1016/j.jsv.2014.04.031 

Klymenko, Y. V., & Polyanskyi, K. V. (2019). Experimental studies of the stress-strain state of damaged RC 
beams. Bulletin of Odessa State Academy of Civil Engineering and Architecture, 76, 24–30. 
http://nbuv.gov.ua/UJRN/Vodaba_2019_76_5 

Kwan, A. K. H., & Ma, F. J. (2016). Crack width analysis of reinforced concrete under direct tension by finite 
element method and crack queuing algorithm. Engineering Structures, 126, 618–627. https://doi.org/10.1016/ 
j.engstruct.2016.08.027 

Lee, S., Kim, T., Suh, K., Bae, Y., Kim, H., & Lee, J. (2016). Analysis of repair times of marine reinforced-
concrete structures considering shape effects and domain discontinuity. Transactions of the ASABE, 59(3), 975–982. 
https://doi.org/10.13031/trans.59.11342 

Lin, S. H. (1990). Chloride diffusion in a porous concrete slab. Corrosion (USA), 46(12), 961–967. 
https://doi.org/10.5006/1.3585052 

Mahmoodian, M. (2020). Structural reliability assessment of corroded offshore pipelines. Australian Journal of 
Civil Engineering, 1–11. https://doi.org/10.1080/14488353.2020.1816639 

Malumbela, G., Alexander, M., & Moyo, P. (2010). Variation of steel loss and its effect on the ultimate flexural 
capacity of RC beams corroded and repaired under load. Construction and Building Materials, 24(6), 1051–1059. 
https://doi.org/10.1016/j.conbuildmat.2009.11.012 



Andrii Klym, Yaroslav Blikharskyy, Mariia Kyryliak, Yana Babii 80 

Meier, U. (1995). Strengthening of structures using carbon fibre/epoxy composites. Construction and Building 
Materials, 9(6), 341–351. https://doi.org/10.1016/0950-0618(95)00071-2 

Mundra, S., Criado, M., Bernal, S. A., & Provis, J. L. (2017). Chloride-induced corrosion of steel rebars in 
simulated pore solutions of alkali-activated concretes. Cement and Concrete Research, 100, 385–397. 
https://doi.org/10.1016/j.cemconres.2017.08.006 

Nuguzhinov, Z., Vatin, N., Bakirov, Z., Khabidolda, O., Zholmagambetov, S., & Kurokhtina, I. (2020). Stress-
strain state of bending reinforced beams with cracks. Magazine of Civil Engineering, 96(5), 1–15. https://doi.org/ 
10.18720/MCE.97.1 

Oehlers, D. J., & Seracino, R. (2004). Design of FRP and steel plated RC structures: Retrofitting beams and slabs 
for strength, stiffness and ductility. CRC Press. https://books.google.com.ua/books?hl=uk&lr=&id=NuzKo34 
NRYkC&oi=fnd&pg=PP1 

Otieno, M. B., Beushausen, H. D., & Alexander, M. G. (2011). Modelling corrosion propagation in reinforced 
concrete structures – A critical review. Cement and Concrete Composites, 33(2), 240–245. https://doi.org/10.1016/ 
j.cemconcomp.2010.11.002 

Patel, J., & Peralta, P. (2017). Characterization of deformation localization mechanisms in polymer matrix 
composites: A digital image correlation study. In International Digital Imaging Correlation Society. Springer, Cham. 
(pp. 243–246). https://doi.org/10.1007/978-3-319-51439-0_58 

Peng, H., Chen, Z., Liu, M., Zhao, Y., Fu, W., Liu, J., & Tan, X. (2024). Study on the effect of additives on the 
performance of cement-based composite anti-corrosion coatings for steel bars in prefabricated construction. Materials, 
17(9), 1996. https://doi.org/10.3390/ma17091996 

Pozzer, S., Rezazadeh Azar, E., Dalla Rosa, F., & Chamberlain Pravia, Z. M. (2021). Semantic segmentation of 
defects in infrared thermographic images of highly damaged concrete structures. Journal of Performance of Constructed 
Facilities, 35(1), 04020131. https://doi.org/10.1061/(ASCE)CF.1943-5509.0001541 

Rezaie, A., Achanta, R., Godio, M., & Beyer, K. (2020). Comparison of crack segmentation using digital image 
correlation measurements and deep learning. Construction and Building Materials, 261, 120474. https://doi.org/10.1016/ 
j.conbuildmat.2020.120474 

RILEM Technical Committees. (1991). Damage classification of concrete structures. Materials and Structures / 
Matériaux et Constructions, 24, 253–259. 

Santhanam, M., Cohen, M. D., & Olek, J. (2002). Sulfate attack research—whither now? Cement and Concrete 
Research, 32(6), 831–836. https://doi.org/10.1016/S0008-8846(01)00510-5 

Savitskyi, M. V. (2003). Fundamentals of reliability calculation, durability, and constructive-technological design 
of reinforced concrete structures in aggressive environments. Collection of Scientific Papers: Building Structures, 2(59), 
235–240. 

Smith, R. W. (2007). The effects of corrosion on the performance of reinforced concrete beams (Master’s thesis). 
Ryerson University. https://rshare.library.torontomu.ca/articles/thesis/The_effects_of_corrosion_on_the_performance_ 
of_reinforced_concrete_beams/14656110?file=28137951 

Song, J., Li, Y., Xu, W., Liu, H., & Lu, Y. (2019). Inexpensive and non-fluorinated superhydrophobic concrete 
coating for anti-icing and anti-corrosion. Journal of Colloid and Interface Science, 541, 86–92. https://doi.org/10.1016/ 
j.jcis.2019.01.014 

Taylor, H. F. W., Famy, C., & Scrivener, K. L. (2001). Delayed ettringite formation. Cement and Concrete 
Research, 31(5), 683–693. https://doi.org/10.1016/S0008-8846(01)00466-5 

Torres-Acosta, A. A., Navarro-Gutierrez, S., & Terán-Guillén, J. (2007). Residual flexure capacity of corroded 
reinforced concrete beams. Engineering Structures, 29(6), 1145–1152. https://doi.org/10.1016/j.engstruct.2006.07.018 

Triantafillou, T. C. (1998). Shear strengthening of reinforced concrete beams using epoxy-bonded FRP 
composites. ACI Structural Journal, 95(2), 107–115. https://www.researchgate.net/profile/Thanasis-Triantafillou/ 
publication/247509718_Shear_Strengthening_Of_Reinforced_Concrete_Beams_Using_Epoxy-Bonded_FRP_ 
Composites/links/5a8aecb20f7e9b1a9554c8c4/Shear-Strengthening-Of-Reinforced-Concrete-Beams-Using-Epoxy-
Bonded-FRP-Composites.pdf 

Vatulia, G., Orel, Y., & Kovalov, M. (2014). Carrying capacity definition of steel-concrete beams with external 
reinforcement under the fire impact. Applied Mechanics and Materials, 617, 167–170. https://doi.org/10.4028/www. 
scientific.net/AMM.617.167 

Verma, S. K., Bhadauria, S. S., & Akhtar, S. (2014). Probabilistic evaluation of service life for reinforced concrete 
structures. Chinese Journal of Engineering, 2014, 1–8. https://doi.org/10.1155/2014/648438 



Overview of damage factors of reinforced concrete structures and their impact on load-bearing capacity  81

Voskobiinyk, O. P. (2010). Typological comparison of defects and damages of reinforced concrete, metal, and 
composite beam structures. Bulletin of Lviv Polytechnic National University, 662, 97–103. 

Wang, Y. H., Nie, J. G., & Cai, C. S. (2013). Numerical modeling on concrete structures and steel-concrete 
composite frame structures. Composites Part B: Engineering, 51, 58–67. 
https://doi.org/10.1016/j.compositesb.2013.02.035 

Xu, F., Xiao, Y., Wang, S., Li, W., Liu, W., & Du, D. (2018). Numerical model for corrosion rate of steel 
reinforcement in cracked reinforced concrete structure. Construction and Building Materials, 180, 55–679. 
https://doi.org/10.1016/j.conbuildmat.2018.05.215 

Ye, H., Tian, Y., Jin, N., Jin, X., & Fu, C. (2013). Influence of cracking on chloride diffusivity and moisture 
influential depth in concrete subjected to simulated environmental conditions. Construction and Building Materials, 47, 
66–79. https://doi.org/10.1016/j.conbuildmat.2013.04.024 

Yuan, S., Zhao, X., Jin, Z., Zhao, Q., Fan, L., Deng, J., & Hou, B. (2024). Design and realization of versatile 
durable fluorine-free anti-corrosive coating with robust superhydrophobicity. Electrochimica Acta, 495, Article 144428. 
https://doi.org/10.1016/j.electacta.2024.144428 

Zhao, L., Wang, J., Gao, P., & Yuan, Y. (2023). Experimental study on the corrosion characteristics of steel bars in 
concrete considering the effects of multiple factors. Case Studies in Construction Materials, 20, Article e02706. 
https://doi.org/10.1016/j.cscm.2023.e02706 

Zhou, H., Tian, X. Q., Wang, Y. S., Lin, H. L., & Chen, H. H. (2024). Experimental investigation of damage and 
failure modes in stirrupless reinforced concrete beams under varied thermal-mechanical loadings. Journal of Structural 
Engineering, 150(3), Article 04023240. https://doi.org/10.1061/JSENDH.STENG-12990 
 

А. Б. Клим1, Я. З. Бліхарський1, М. В. Кириляк2, Я. С. Бабій2 

1Національний університет “Львівська політехніка”, 
кафедра автомобільних доріг та мостів 

2Національний університет “Львівська політехніка”, 
кафедра будівельних конструкцій та мостів 

 

ОГЛЯД ФАКТОРІВ ПОШКОДЖЕННЯ ЗАЛІЗОБЕТОННИХ КОНСТРУКЦІЙ  
ТА ЇХ ВПЛИВ НА НЕСУЧУ ЗДАТНІСТЬ  

 Клим А. Б., Бліхарський Я. З., Кириляк М. В., Бабій Я. С., 2025 
 

Залізобетонні конструкції зазнають впливу численних факторів пошкодження, що безпосередньо 
впливають на їхню несучу здатність і довговічність. Основними причинами пошкоджень є корозія 
арматури, тріщиноутворення, механічні навантаження, вплив агресивного середовища, температурні 
коливання та довготривалі експлуатаційні процеси. Корозія арматури, спричинена проникненням 
хлоридів або карбонізацією, призводить до тріщин і руйнування бетонного прошарку, що змінює 
напружено-деформований стан конструкцій. Циклічні навантаження та повзучість бетону зумовлюють 
поступову деградацію матеріалу та виникнення мікротріщин, що в довгостроковій перспективі знижує 
несучу здатність конструкцій. Додатково негативно впливають агресивні середовища, зокрема суль-
фатна і кислотна атаки, які спричиняють хімічну корозію бетону, що зрештою порушує його структуру. 
Унаслідок високих температур, особливо під час пожежі, бетон втрачає міцність через руйнування його 
мікроструктури та спонтанне відколювання. Аналіз сучасних досліджень показує, що комп’ютерне 
моделювання пошкоджень – ефективний інструмент для прогнозування процесів деградації та для 
розроблення підходів до їх мінімізації. Визначено, що використання методів кінцевих елементів дає 
змогу враховувати широкий спектр чинників та точно оцінювати вплив пошкоджень на стан конструкцій. У 
статті наведено огляд основних механізмів та причин руйнування залізобетонних конструкцій та 
їхнього впливу на несучу здатність, що допомагає краще розуміти й оцінювати процеси, що відбувають-
ся у матеріалах під дією експлуатаційних навантажень. Результати досліджень можуть бути використані 
для вдосконалення методів проєктування та розроблення ефективних стратегій (технологій) для 
підсилення, відновлення і ремонту залізобетонних конструкцій. 

Ключові слова: залізобетонні (RC) конструкції, тріщини, корозія, навантаження, несуча 
здатність, довговічність. 

 


