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Fatigue stress represents a critical factor in the progressive deterioration of reinforced concrete (RC) structures, particularly under
conditions involving repeated loading and corrosive environments. The synergistic interaction between fatigue and corrosion, commonly
referred to as corrosion-fatigue, significantly intensifies the degradation of structural materials, thereby diminishing overall structural
integrity and long-term durability.

Fatigue stress originates from the application of cyclic loads, which may be substantially lower than the material’s ultimate strength.
Despite their relatively low magnitude, these repeated loads induce the initiation and propagation of micro-cracks over time, eventually
culminating in structural failure (Cano, 2012). Corrosive processes further exacerbate fatigue-induced damage by compromising the
passive protective oxide layer on reinforcing steel, thus increasing its vulnerability to cyclic stresses. This combined deterioration
mechanism, described as corrosion-fatigue, accelerates the loss of mechanical performance in RC components (Devendiran & Banerjee,
2023). Contributing factors such as insufficient concrete cover and prolonged exposure to aggressive environmental conditions further
compound the effects of fatigue and corrosion, leading to the premature degradation of RC infrastructure (Cano, 2012).

Mechanism of fatigue in concrete

The fatigue behavior of concrete is influenced by both its intrinsic material composition and various external environmental factors.
Notably, the inclusion of fibers within the concrete matrix has been shown to enhance its fatigue resistance by improving crack-bridging
capacity and distributing stresses more evenly under cyclic loading conditions (Vicente et al., 2016). External conditions, such as
elevated moisture content and prolonged exposure to marine environments, can further affect fatigue performance by altering the
microstructural integrity of the concrete (Klausen & @verli, 2023).

Under repeated loading, concrete undergoes the gradual accumulation of microcracks within its matrix. These microcracks contribute to
progressive structural degradation, manifesting as increased permanent (plastic) strains and a notable reduction in stiffness (Zanuy et
al., 2009). A significant component of this fatigue damage is the development of irreversible or residual strains, which are primarily
associated with mode-II cracking and frictional sliding along crack interfaces (Shan et al., 2019).

A key analytical tool in assessing fatigue behavior is the stress-cyclic number (S-N) curve, which characterizes the relationship between
applied stress levels and the number of cycles to failure. Advances in diagnostic technologies, such as X-ray computed tomography (CT)
scanning, now allow for real-time monitoring of internal damage processes, including deformation patterns and crack propagation,
thereby providing deeper insight into the fatigue life of concrete materials (Fan & Sun, 2021).

Fatigue stress and long term deterioration

Fatigue-induced damage plays a critical role in the long-term degradation of reinforced concrete (RC) structures. Repeated cyclic
loading leads to a progressive reduction in both compressive strength and modulus of elasticity of concrete, thereby undermining the
structural stiffness and load-bearing capacity over time (Li et al., 2022). This gradual deterioration poses significant challenges to the
safety and serviceability of RC infrastructure, especially under sustained operational demands.

The interaction between fatigue and corrosion further amplifies structural vulnerability, particularly in seismic zones. Research has
shown that corrosion-fatigue not only accelerates material degradation but also heightens seismic risk. For example, in comparative
analyses of RC bridges, three-span configurations exhibited a greater decline in structural resilience over time than two-span
counterparts. This increased vulnerability is attributed to the higher flexibility and fatigue sensitivity inherent in more complex bridge
geometries (Devendiran & Banerjee, 2023).

To address these concerns, advanced numerical modeling techniques have been developed to simulate fatigue behavior in RC
structures. These models are instrumental in predicting structural lifespan by characterizing the relationship between stress amplitudes
and the number of load cycles leading to failure (Chai et al., 2016). Such tools not only improve our understanding of fatigue
mechanisms but also support the design of more durable and resilient infrastructure.
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