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ABSTRACT
This paper delves into the prevalent issue of pathological problems in concrete structures, with
a specific focus on corrosion in steel reinforcement. It details an experimental investigation
into the effects of chloride environments on prestressed concrete structures. Central to this
study is the analysis of stress corrosion cracking (SCC) in 5 mm prestressing strands. The
findings reveal that SCC predominantly manifests as pitting corrosion, which in turn initiates
micro cracking on the wire surface. Intriguingly, the stress applied to the wires appears not to
alter the composition of the corrosion products. This research offers comprehensive insights
into the behavior of high-carbon steel wires under SCC conditions. A critical discovery is the
significant influence of stress level on SCC progression, which markedly diminishes the
ultimate strength of the corroded wires. This is particularly evident in the 48% reduction in
ductility of wires at 95% of the tensile strength (fptk), a consequence of the formation of
localized microcracks. These findings underscore the need for a deeper understanding of SCC

in prestressed concrete structures, which is vital for enhancing their durability and longevity.
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INTRODUCTION
Prestressed concrete, a cornerstone in modern construction, benefits from the pre-application
of stress to enhance its strength and durability under service loads. This engineering marvel
utilizes high-performance concrete coupled with high-strength steel, enabling structures to
withstand significant stress levels before external loads are applied [1]. Despite its widespread
adoption for its superior performance, prestressed concrete is not immune to the insidious threat
of stress corrosion cracking (SCC). SCC represents a critical failure mode, where the
synergistic effects of mechanical stress and corrosive environments precipitate the formation
of microcracks on steel surfaces [2,3,4]. These microcracks can expand rapidly under continued
stress, leading to sudden and often unpredictable failures in structural elements, significantly

reducing their yield strength and, ultimately, their service life.

The phenomenon of SCC is particularly alarming due to its ability to compromise the integrity
of structures without prior deformation or visible signs of distress, making early detection and
intervention challenging [5]. SCC is influenced by a trinity of factors: the material's inherent
susceptibility, the level of applied stress, and the presence of a corrosive environment [6,7,8].
This complexity is further compounded by the diverse nature of these elements, including
variations in stress types (residual or externally applied) [9], material properties, and
environmental conditions such as temperature, aeration, and the presence of specific corrosive
agents. For instance, the susceptibility of different alloys to SCC can vary dramatically in the
presence of certain chemicals, highlighting the intricate interplay between material science and

environmental chemistry in the context of SCC [5].

The pressing need to understand and mitigate SCC in prestressed concrete is underscored by

its prevalence in critical infrastructure, including nuclear power plants, where the long-term



performance and safety of such structures are of paramount importance [10]. Despite the
durability of prestressed concrete, the advent of chloride-induced steel corrosion emerges as a
dominant factor undermining the structural integrity of these constructions [11]. Recent studies
have illuminated the detrimental impact of corrosion on the residual strength of prestressed
tendons, indicating significant reductions in ultimate strength and ductility, which in turn affect

the failure modes of the structures [12-27].

Amidst this backdrop, our study endeavors to bridge a crucial knowledge gap by examining
the behavior of prestressing strands, particularly those with diameters less than 8 mm, a domain
less explored in contemporary research. Given the heightened risk of cross-sectional loss and
subsequent deterioration in smaller diameter strands, our investigation seeks to shed light on
the nuanced impacts of different prestressing levels on SCC, employing an experimental
approach that encompasses a comprehensive analysis of material behavior under simulated
environmental conditions [28]. Through this research, we aim to contribute to the broader
understanding of SCC mechanisms, offering insights that could inform more resilient design

and maintenance strategies for prestressed concrete structures.

BACKGROUND

The phenomenon of stress corrosion cracking (SCC) has emerged as a significant concern for
the longevity and reliability of prestressed concrete structures. SCC involves the initiation and
propagation of cracks in a material subjected to tensile stress in a corrosive environment,
leading to premature failure of structural components. In prestressed concrete, this manifests
as a critical threat, particularly due to the high levels of stress applied to the steel reinforcement

to achieve desired prestress levels.



Recent advancements in monitoring technologies have allowed for a more nuanced
understanding of corrosion-induced degradation within these structures. (Jiang et al., 2017)
developed a piezoceramic-based sensing approach to monitor the progression of corrosion
within prestressed concrete beams, highlighting the potential for early detection of corrosion-

induced damage before visual signs become apparent.

The susceptibility of prestressed steel to SCC is further complicated by the presence of local
concrete cracks. (Sun et al., 2014) investigated the impact of such cracks on the stress corrosion
sensitivity of prestressed steel, uncovering that local concrete defects significantly increase the

material's vulnerability to SCC.

Despite the recognition of these risks, the behavior of corrosion cracks in pretensioned
prestressed concrete members remains less explored. (Agus et al., 2013) provided insights into
the mechanisms of corrosion crack in such members, emphasizing the need for further research

in this area.

Understanding the bond loss between the prestressed steel and concrete due to corrosion is
crucial for assessing structural integrity. (Ortega et al., 2018) reviewed the mechanical effects
of reinforcement corrosion on the bond strength in prestressed concrete beams, shedding light

on the factors that reduce service life and load-bearing capacity.

Furthermore, the propagation of corrosion in prestressing steel strands embedded in concrete
exposed to chlorides has been identified as a significant risk factor for structural failure. (Li et

al., 2011) conducted a long-term experimental program to examine this phenomenon, finding



that stress levels and the type of steel significantly affect corrosion rates, with pitting corrosion

being the predominant form of damage in such environments.

Understanding the impact of corrosion on the structural performance of prestressed concrete
beams, especially under transverse loads, is crucial for assessing their long-term reliability.
(Recupero & Spinella, 2019) undertook experimental tests on corroded prestressed concrete
beams to evaluate how tendon corrosion influences their response behavior. Their work
highlights the detrimental effects of corrosion on the load-bearing capacity of beams, thus

emphasizing the importance of timely corrosion detection and intervention strategies.

Moreover, the initiation of SCC in prestressing steel within hardened cement mortar,
particularly under chloride exposure, remains a complex issue warranting further investigation.
(Joseline et al., 2021) shed light on this matter by exploring the passive to active transition
indicative of SCC onset. Their study underscores the critical role of environmental conditions,
such as chloride concentration, in facilitating this transition, thereby contributing to our

understanding of SCC initiation mechanisms and the pivotal factors that influence them.

By situating our study within this context, we aim to address the gaps identified in the current
understanding of SCC in prestressed concrete, particularly focusing on the behavior of smaller
diameter prestressing strands under various corrosive conditions. Our research seeks to
contribute to the development of more durable and resilient prestressed concrete structures

capable of withstanding the challenges posed by corrosive environments.

EXPERIMENTAL RESEARCH



Selection and Characterization of Materials

This study focuses on cold-drawn carbon steel wire, a material extensively used in prestressed
concrete applications. Its selection was guided by its compliance with NBR 7482:2008
standards, ensuring that our findings are directly applicable to the construction industry. The
chemical and mechanical properties of the specimen were meticulously analyzed to understand
their influence on the steel's performance, especially its susceptibility to stress corrosion
cracking (SCC).

Table 1 - Chemical composition of the specimen (Weight Percent, wt.%).

Elements Carbon Manganese Silicon Phosphor Sulfur

(%) 0.79 0.65 0.21 0.013 0.010

The chemical composition, as detailed in Table 1, highlights a high carbon content which is
known to significantly affect the steel's mechanical properties, including its strength and
ductility. The controlled amounts of manganese, silicon, phosphorus, and sulfur contribute to

the wire's overall performance in harsh environments.

Table 2 Mechanical Properties of the Specimen.

Maximum load FElongation Creepload  Modulus of Ultimate Tensile Average
elasticity Strength Hardness
37.5kN 4.6% 32.20kN 202.5 GPa 1860 MPa 509 HV10

Table 2 presents the mechanical properties of the steel wire, including its ultimate tensile

strength and modulus of elasticity, which are critical in determining its behavior under stress.



The wire's high hardness level further underscores its potential for high performance in
prestressed concrete applications, albeit with considerations for its brittleness.

Microstructural Analysis

The wire's microstructure was extensively examined to provide deeper insights into its
characteristics that might influence its susceptibility to SCC. The analysis revealed a
predominantly pearlitic structure with fine lamellar spacing, indicative of the wire's high
strength and hardness. The presence of pearlite, along with trace amounts of cementite,
suggests that the wire, while high in strength, may also exhibit a level of brittleness — a factor
that could influence its behavior in corrosive environments typically encountered in prestressed

concrete applications.

The detailed examination of the wire’s microstructure is crucial for understanding how its
inherent properties affect its durability and performance, particularly its resistance to stress
corrosion cracking. The high carbon content, responsible for the wire's strength, also
necessitates careful consideration of its application in environments where corrosion could

precipitate brittle failure.

Figure 2.1 - Microstructure of the wire, a: Transverse view, and b: Longitudinal view
7



The microstructure of the cold-drawn carbon steel wire was meticulously analyzed to uncover
characteristics that potentially influence its susceptibility to stress corrosion cracking (SCC).
Understanding the microstructural features is paramount, as they directly impact the

mechanical behavior and corrosion resistance of the material.

Figure 2.1: Microstructure of the Wire

2.1a (Transverse View): This view showcases the lamellar pearlite patterns within the wire.
The fine structure of pearlite, characterized by alternating layers of ferrite and cementite,
endows the wire with its high strength and hardness. This microstructural complexity is a
critical determinant of the wire's mechanical properties, influencing how it responds to stress

and environmental aggressors.

2.1b (Longitudinal View): The longitudinal view further elucidates the wire’s microstructure,
emphasizing the orientation of pearlite and the presence of cementite lines. This arrangement
not only contributes to the wire’s notable strength and hardness but also to its brittleness, a
factor that could enhance its vulnerability to SCC in corrosive environments.

The analysis of the wire's microstructure reveals a dual nature: while its strength and hardness
are desirable for prestressed concrete applications, the brittleness—stemming from its high
carbon content and microstructural features—necessitates a cautious approach to its use in

environments prone to corrosion.



Figure 2.2 - Microscopy details of the 95%f,u wire: (a) microcracking on the wire

surface (2000x magnification); (b) presence of microvoids (3000x magnification).

Figure 2.2 presents microscopy evidence of the microstructural degradation in 95% fptk
prestressed steel wires under corrosive stress. Part (a) of the figure, captured at 2000x
magnification, reveals the presence of microcracks on the wire surface. These microcracks are
critical indicators of the onset of stress corrosion cracking (SCC), a significant concern for the
longevity and safety of prestressed concrete structures. The high magnification allows for a

clear visualization of the damage, emphasizing the severity of the microcracking phenomenon.

This figure provides visual confirmation of the microcracking and underscores the intricate
details of the corrosion process that can lead to structural failure. The presence of microcracks
is a testament to the vulnerability of the material when exposed to simultaneous mechanical
stress and corrosive environments. The detailed visualization offered by this figure is essential
for understanding the micro-mechanisms contributing to SCC and serves as a powerful tool for

elucidating the material's behavior under conditions that mimic real-world applications.



The analysis of such microstructural damage is vital for advancing the field's understanding of
SCC and for developing more effective corrosion-resistant materials and protective measures.
It is through such detailed studies that engineers and researchers can improve the design and
durability of prestressed concrete structures, ensuring their performance and reliability over

time.

The anchoring system plays an important role in the application of pre-tension to the steel wires,
simulating the operational stresses encountered in real-world prestressed concrete scenarios.
This system ensures that the wires are subjected to a uniform pre-tension, crucial for the study
of stress corrosion cracking under controlled conditions.
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Figure 3 - Schematic of the anchoring system showing the devices used to fix the profile

to the reaction slab.

Figure 3 provides a detailed schematic view of the anchoring system, illustrating the
components and their arrangement for securing the wire to the reaction slab. The design of this
system is instrumental in applying a precise and consistent pre-tension to the steel wire,

mimicking the conditions under which prestressed concrete is utilized in construction projects.
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Layout of the Prestressing System. Succeeding Figure 4, this layout offers an overview, to

understanding of the experimental setup for prestress application.
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Figure 4 - Layout of the prestressing system.

The development and implementation of a robust anchoring system are essential for accurately
replicating the stress conditions that prestressed steel wires undergo in service. By ensuring the
uniform application of pre-tension, the anchoring system facilitates a controlled investigation

into the effects of mechanical stress on the corrosion behavior of the steel wire.

Following the schematic, this layout offers an expansive view of the entire prestressing setup,
including the anchoring system and the mechanism for applying pre-tension. This overview is
crucial for understanding the experimental framework within which the SCC analysis is

conducted.

The prestressing process is a crucial aspect of our study, designed to closely replicate the stress
conditions that are inherent to prestressed concrete structures in real-world scenarios. A

sophisticated hydraulic system was employed to apply and precisely control the tension across
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the steel wires. This methodology ensures that the applied pre-tension closely mimics the
operational stresses experienced by prestressed concrete components, thereby enhancing the

relevance of our findings to practical applications.

Figure 5 - Anchoring system of the prestressed strands

Figure 5 illustrate the sophisticated arrangement designed to maintain consistent wire tension
throughout the experiment. The visual provided in Figure 5 is essential for understanding the
mechanical setup that enables the precise application of pre-tension, a critical factor in
exploring the relationship between stress levels and their influence on corrosion behavior. The
figure showcases the hydraulic system and its components, highlighting the meticulous design

that underpins the replication of prestress conditions.

To investigate the synergistic effects of mechanical stress and corrosive environments on SCC,
we established a controlled experimental setup. This setup was meticulously designed to
simulate the environmental conditions known to precipitate SCC, thereby allowing for a
comprehensive analysis of how such conditions affect the susceptibility of steel wires to

corrosion when under stress.
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Figure 6 - Experimental setup.

Figure 6 provides a vivid illustration of the laboratory setup tailored for this purpose. This
figure serves as a visual guide to the experimental arrangement, elucidating the methods
employed to create a corrosive environment that simulates real-world conditions. The setup
depicted in Figure 6 includes the corrosion-inducing elements and the system for applying
tension, facilitating a controlled study of SCC under conditions that reflect the challenges faced

in the field.

To accurately simulate the aggressive conditions that lead to stress corrosion cracking (SCC),
a meticulous corrosion acceleration test was conducted. This involved the application of a
direct current to the steel wire samples, a method proven to expedite the corrosion process and

thereby mimic the accelerated deterioration observed in real-world scenarios.
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Figure 7 - Corrosion Acceleration Test.

Figure 7 captures the setup used to apply electrical current to the steel wires. The image
demonstrates how multimeters are employed to monitor the current flow, ensuring that the
desired conditions for accelerated corrosion are achieved. This visual aid is pivotal in
conveying the practical steps taken to induce corrosion, offering readers a clear window into

the experimental procedures that underpin our findings.

Understanding the impact of varying stress levels and environmental exposures on corrosion
behavior necessitated a systematic classification of steel wire samples. This organization
allows for a nuanced analysis of how different pre-tension levels and exposure durations
influence the development of corrosion patterns, providing insights into the complex interplay

between mechanical stress and corrosive environments.

Table 3 Stress levels

Sample  Diameter (¢) Quantity Stress (MPa) Time (hours)
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0% fpik 5.0 3 0.0 3

50% fpik 5.0 3 930 3
70% fpik 5.0 3 1302 3
95% fpik 5.0 3 1767 3
0% fpik - 6 5.0 3 0.0 6
50% fpik - 6 5.0 3 930 6
70% fpik - 6 5.0 3 1302 6
95% fpik - 6 5.0 3 1767 6

In Table 3, samples are grouped according to their pre-tension levels and assigned exposure
times. This classification forms the basis of our experimental design, facilitating a targeted
investigation into the specific effects of prestress conditions on corrosion susceptibility. The
table serves as an essential reference for interpreting the experimental setup and understanding

the rationale behind the grouping strategy.

A comprehensive assessment of corrosion rates was carried out, leveraging both quantitative
weight measurements and qualitative microstructural analyses. This dual approach enables a
thorough understanding of SCC effects, merging numerical data with microscopic observations

to paint a complete picture of the corrosion process.

The evaluation of corrosion rates involved precise measurements of weight loss before and
after exposure to corrosive conditions, adhering to established standards for accuracy.
Concurrently, advanced microscopy techniques were employed to examine the microstructural

changes in the wires, identifying the presence of corrosion products, pit formation, and any
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indications of crack initiation and propagation. This meticulous analysis sheds light on the
material's degradation mechanisms, offering valuable insights into the factors that contribute

to the susceptibility of prestressed steel wires to stress corrosion cracking.

Table 6 - Analysis of variance of the weight loss results obtained

Analysis of Variance

Source of Qs DOF RMS F P_value Critical F

variation value
Attack 34.56 4 8.64 11.62 0.00043  3.25
Period
Pre-applied o) 73 3 50091 2812 1.03E:05 3.49
tension
where:

QS = the sum of between-sample and within-sample variation
DOF = degree of freedom

RMS = QS/DOF

F = the ratio of between-sample to within-sample variation

Table 6 presents a comprehensive analysis of variance (ANOVA) for the weight loss results, a
critical metric in evaluating the severity of corrosion in steel wires subjected to different
conditions. This statistical examination meticulously quantifies the impact of two major
experimental variables: the attack period and the pre-applied tension on the corrosion process.
By delineating the sum of squares (QS), which aggregates both between-sample and within-
sample variations, and the degrees of freedom (DOF) associated with each factor, the table
offers a nuanced insight into the experimental data's variability. The mean square (RMS),
calculated as QS divided by DOF, alongside the F-ratio, which contrasts between-sample
variation to within-sample variation, highlights the statistical significance of each variable in
influencing corrosion rates. The remarkably low P-values associated with both the attack period
and pre-applied tension underscore their substantial impact on corrosion, further validated by

F-values surpassing the critical F-value thresholds. This analysis not only reinforces the
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precision of the experimental setup but also elucidates the complex dynamics governing
corrosion in prestressed steel wires, providing a solid foundation for the subsequent discussion

on material behavior and corrosion mitigation strategies.

The integration of detailed visual aids, such as Figure 7, with methodical classification
strategies and rigorous analytical techniques enriches the manuscript significantly. By
providing a comprehensive overview of the experimental framework and analytical
methodologies, this enhanced content ensures a deep and well-rounded understanding of the
study's foundations. Such a detailed exposition supports the subsequent discussion of findings,
laying a solid groundwork for addressing the challenges of stress corrosion cracking in
prestressed concrete applications and contributing to the development of more durable

infrastructure solutions.

EXPERIMENTAL RESULTS AND DISCUSSION
The initial stages of corrosion were observed just one hour after exposure, with the formation
of black and red rust at the solution-air interface of the wire, indicating the onset of corrosion.
As the exposure continued, corrosion products progressively covered the portions of the wire
submerged in the corrosive solution. This phenomenon highlights the rapid development of
corrosion under experimental conditions designed to simulate stress corrosion cracking (SCC)

environments.

Figure 8 presents the findings from the energy dispersive spectroscopy (EDS) analysis
conducted using a scanning electron microscope (SEM). Figure 8 captures the elemental
composition of both the reference (unexposed) and corroded (exposed for 3 hours) samples,

providing a visual representation of the corrosion products that formed on the wire's surface.
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The EDS analysis offers insights into the nature and composition of the corrosion products,
revealing that the development of these compounds is largely independent of the mechanical
stress levels applied to the steel, as indicated by the absence of significant variation in chemical

composition across different stress levels [6][8].
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Figure 1 - Testing the 0% f,a wire: SEM of the wire as received (300x magnification).

The electron and optical microscopy analyses shed light on the microstructural changes
occurring at the onset of corrosion, offering a detailed look at the corrosion process's dynamics.
The emergence of rust and subsequent coverage by corrosion products underscore the
aggressive nature of the simulated SCC environment. Notably, the radiographic corrosion
analysis performed alongside EDS revealed that the chemical makeup of the corrosion products
remains consistent, regardless of the stress conditions applied to the steel. This observation

suggests that the susceptibility of the steel to corrosion in the given environment is not directly
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influenced by the applied stress, at least in the context of the chemical composition of the

resulting corrosion products.

The utilization of advanced microscopy techniques, such as SEM and EDS, in this study
provides a comprehensive understanding of the corrosion mechanisms at play. By analyzing
the corrosion products at a microscopic level, we gain invaluable insights into the early stages
of corrosion development and its progression over time. These findings are crucial for
developing strategies to mitigate SCC in steel wires used in prestressed concrete applications,
emphasizing the importance of material composition and environmental factors in influencing

corrosion behavior.

Microscopic Analysis of Corrosion Products

The microscopic examination of the steel wire samples post-exposure revealed the formation
of corrosion products characterized by continuous, irregular, and porous layers, indicative of
iron oxide and its derivatives. This signals the onset of corrosion on the steel's surface. Utilizing
Energy Dispersive Spectroscopy (EDS) analysis, we identified the primary chemical
constituents of these corrosion products as Iron (Fe), Carbon (C), and Oxygen (O)[citation
needed]. It's crucial to note that EDS provides insight into the elemental composition on a
microscopically small area, highlighting the presence or absence of elements within the

corrosion products[citation needed].

Corrosion Rate Analysis
The assessment of corrosion rate, particularly in relation to tensile strength under stress
corrosion conditions, involved measuring weight loss due to corrosion[citation needed].

Adhering to standards set by ASTM G1-72 and NACE RP 0775[citation needed], we calculated
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the corrosion rates (T) for our samples. The findings reveal minimal discrepancies between the
average corrosion rates determined by the two methodologies, underscoring the comparability
of these techniques. Notably, the uniform corrosion rate for wires with no applied pre-tension
(0% fptk) was classified as strong, ranging from 0.13 to 0.25 mm/year. In contrast, wires under
different pre-tension conditions exhibited more severe corrosion rates, suggesting that

mechanical stress plays a significant role in accelerating corrosion[citation needed].

An Analysis of Variance (ANOVA) was conducted to evaluate the impact of varying pre-
tension levels and exposure durations on weight loss due to corrosion. The ANOVA results
highlight significant differences across conditions, suggesting that both the duration of
exposure to corrosive environments and the level of applied pre-tension are critical factors

influencing corrosion susceptibility[citation needed].

Mechanical Strength Assessment

The decline in mechanical strength due to corrosion was assessed through direct tensile tests
on samples exposed to the aggressive solution for three hours. The resulting stress-strain curves
show a substantial reduction in the ultimate capacity of the wires, with decreases in both the
elastic limit and ultimate strain observed in the prestressed, corroded wires. This reduction not
only demonstrates the negative effects of corrosion on material integrity but also underscores
the necessity for protective measures in prestressed concrete applications to mitigate corrosion

over time[citation needed].

The assessment of ductility, which represents the wire's capacity to undergo significant
deformation before rupture, reveals critical insights into the effects of corrosion on mechanical

properties. For the unstressed corroded wire (0% fptk), a notable reduction in ductility was
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observed, affirming findings from other research in the field [6,27,36]. Comparative analysis

showed that ductility in the 50, 70, and 95% fptk wires declined by 30, 45, and 48%,

respectively. Interestingly, the corroded 0% fptk wire exhibited a 25% reduction in ductility,

underscoring the detrimental impact of corrosion on material flexibility and resilience.

Direct tensile tests further elucidated the influence of tension levels on the mechanical behavior

of the wires. A decrease in yield stress, modulus of elasticity, and ultimate tensile strain was

noted, particularly in wires subjected to stress and corrosive environments. This reduction in

mechanical integrity highlights the critical interplay between prestressing levels and corrosion

in determining the wire's overall structural performance.
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Figure 2 - Comparison between the behavior unstressed (a) non-corroded and (b)

corroded wire and corroded 70% fyu-stressed wire.

Figure 17 presents a comparative analysis between (a) unstressed non-corroded and (b)
corroded wires, as well as corroded wires under 70% fptk stress. The visual comparison starkly
illustrates the impact of corrosion and stress on wire ductility and strength, providing a clear
depiction of the material's degradation under varying conditions. It also Showcase the effect of
prestressing and corrosion on the ultimate strength of the wires. The findings from this
comparison reveal the localized nature of pitting corrosion and its influence on the wire's
mechanical properties, including reductions in ultimate load and stress due to decreased cross-
sectional area [6,35,36,37]. The localized stress increase, resulting from the diminished cross-
section, does not significantly alter the average stress distribution along the wire's length but

critically impacts its load-bearing capacity and ductility.

This analysis highlights the presence of micro voids and microcracks in the corroded wires,
factors contributing to potential failure due to stress concentration near cracked regions. The
aggregation of micro voids near microcracks, indicative of significant material damage,
underscores the loss of elastic modulus and elastic limit observed in corroded wires [32]. This
phenomenon, more pronounced in corroded strands, accelerates the growth rate of surface
microcracks compared to non-corroded strands, emphasizing the exacerbated vulnerability of

corroded materials to mechanical failure [7,38,39].
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CONCLUSIONS
The comprehensive study presented in this research provides insights into the effects of stress
corrosion cracking (SCC) on prestressed concrete wires, emphasizing the critical interplay
between mechanical stress and corrosive environments. Through experimental design,
including electron and optical microscopy analysis, corrosion rate evaluation, and mechanical
strength assessment, it was delineated the nuanced impact of corrosion on the structural
integrity and mechanical properties of cold-drawn carbon steel wires. The findings underscore
the importance of considering both the chemical composition and the microstructural
characteristics of materials in the context of their susceptibility to SCC. The observed decline
in ductility and mechanical strength, particularly in wires subjected to pre-tension and corrosive
environments, highlights the urgent need for robust protective strategies in prestressed concrete

applications to mitigate the deleterious effects of corrosion.

The study's experimental results, notably the localized nature of pitting corrosion and its
influence on material properties, offer valuable contributions to the field of materials science
and engineering. By demonstrating that the corrosion-induced damage does not uniformly
affect the wire's stress distribution but significantly reduces its ultimate load-bearing capacity,
it was provided a basis for reevaluating existing design and maintenance practices for
prestressed concrete structures. Furthermore, the analysis of variance in corrosion rates across
different pre-tension levels and exposure times presents a compelling argument for the
inclusion of comprehensive corrosion assessment protocols in the standard testing regimen for

prestressed concrete components.

In conclusion, this research advances the understanding of SCC in prestressed concrete

structures and sets the stage for the development of more durable materials and innovative
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protective measures. The insights gained from this study contribute to enhancing the longevity

and safety of existing structures and inform the design and construction of future infrastructure

projects. As the field continues to evolve, ongoing investigations into the mechanisms of
corrosion and the development of advanced mitigation techniques will be essential in
addressing the complex challenges posed by SCC, ensuring the resilience and reliability of
prestressed concrete structures in diverse environmental conditions.

REFERENCES

1. Carvalho, R.C. Prestressed Concrete Structures - Prestressing, Post-tensioning,
Calculation and Detailing. Sao Paulo, Ed. Pini, 2012, 431p.

2. Bohni, H. (Ed.) Corrosion In Reinforced Concrete Structures. Cambride: Woodhead,
2005, 248p

3. P. Andresen, R. Jones, Stress Corrosion Cracking-Material Performance and Evaluation,
ASM International, Materials Park, OH, 1992, pp. 181-210.

4, J. Kovac, C. Alaux, T.J. Marrow, E. Govekar, A. Legat, Correlations of electrochemical
noise, acoustic emission and complementary monitoring techniques during intergranular
stress-corrosion cracking of austenitic stainless steel, Corros. Sci. 52 (2010) 2015-2025.

5. ASTM - Internacional Handbook Committee. Asm Handbook: Corrosion: undamentals,
Testing, And Protection. V. 13a. Usa. 2013.

6. N.A. Vu, A. Castel, R. Francois, Effect of stress corrosion cracking on stress—strain
response of steel wires used in prestressed concrete beams, Corros. Sci. 51 (2009) 1453—
1459.

7. J. Woodtli, R. Kieselbach, Damage due to hydrogen embrittlement and stress corrosion
cracking, Eng. Fail. Anal. 7 (2000) 427-450.

8. S. Wu, H. Chen, H. L. Ramandia,, P. C. Hagan, A. Crosky, S. Saydama, Effects of

environmental factors on stress corrosion cracking of cold-drawn high-carbon steel

24



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

wires, Corros. Sci. 132 (2018) 234-243.

Schon, C. G. Mechanics of Materials. 1* Ed. Rio De Janeiro: Ed Elsevier. 2013.
Cascudo, O. The Control of Reinforcement Corrosion in Concrete: Inspection and
Electrochemical Techniques. Sao Paulo: Pini; Goiania: Ed Ufmg, 1997.

Andrade, C. Et Al. Determination Of The Corrosion Rate Of Steel Embedded In Concrete
By The Polarization Resistance And A.C. Impedance Methods. 1986.

H. Liu, Stress-corrosion cracking and the interaction between crack-tip stress field and
solute atoms, J. Basic Eng. 92 (1970) 633—638.

R. Parkins, Environment sensitive fracture and its prevention, Br. Corros. J. 14 (1979)
5-14.

H.L. Logan, Film-rupture mechanism of stress corrosion, J. Res. Nat. Bur. Stand. 48
(1952) 99-105.

M. Perrin, L. Gaillet, C. Tessier, H. Idrissi, Hydrogen embrittlement of prestressing
cables, Corros. Sci. 52 (2010) 1915-1926.

E. Gamboa, A. Atrens, Stress corrosion cracking fracture mechanisms in rock bolts, J.
Mater. Sci. 38 (2003) 3813—3829.

A. Turnbull, Modelling of environment assisted cracking, Corros. Sci. 34 (1993) 921—
960.

K.R. Trethewey, Some observations on the current status in the understanding of stress-
corrosion cracking of stainless steels, Mater. Design 29 (2008) 501-507.

K. Bhargava, Y. Mori , AK Ghosh, Time-dependent reliability of corrosion-affected RC
beams - Part 1: estimation of time-dependent strengths anda associated variability. Nucl.
Eng. Des. 241 (2011),pp. 1371 — 1384
L. Wang, X. Zhang ,J. Zhang , Y. Ma, Y. Xiang, Y. Liu, Effect of insuficiente grouting

and strand corrosion on flexural behavior of PC beams. Constr. Build. Mater. 53 (2014 ),

25



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

pp. 213 -22
C. Naito , R. Sause , I. Hodgson , S. Pessiki , T. Macioce, Forensic examination of a
noncomposite adjacente precast pretressed concrete box beam bridge. J. Bridge Eng. ,
15(2010), pp. 408 - 418
H. Minh , H. Mutsuyoshi , H. Taniguchi , K. Niitani, Chloride-induced corrosion in
insufficiently grouted posttensioned concrete beams. J. Mater. Civ. Eng. , 20 ( 2008 ) ,
pp.- 85-91
M. Kiviste , J. Miljan Evaluation of the residual flexural capacity of existing precast
precast concrete panels - a case study Eng. Struct. , 32 (2010), pp. 3377 - 3383
Z. Rinaldi , S. Imperatore , C. Valente, Experimental evolution of the flexural behavior
of corrored P/C beams. Constr. Biuld. Mater. 24 ( 2010 ) , pp. 2267 - 2278
D. Coronelli, A. Castel , NA Vu, R. Francois, Corred post-tensioned beams with bonded
tendons and wire failure. Eng. Struct. , 31 (2009 ), pp. 1687 - 1697
F.Li, Y. Yuan, Experimental study on bending property os prestressed concrete beams
with corrored steel strands. J. Build. Struct. , 32 (2010), pp. 78 — 84
F.Li, Y. Yuan, C. Li. Corrosion propagation of prestressing steel strands in concrete
subject to chloride attack. Constr. Build Mater, 25 ( 2011 ), pp. 3878 - 3885

R. W. K. Honeycomb , Steels Microstructure and Properties. 3ed. Elsevier. Oxford. (2006),
pp344.
NF A 05 - 302, Pre-control reinforcement - distillate corrosion tests, December de 1981.
NF A 05 - 303, Pre-control reinforcement - ammonium thiocyanate corrosion tests,
December de 1981.
ISO — International Organization for Standardization, 1987)
Eurocodigo 2 - NF EN 1992-1-1Calculate concrete structures - Part 1-1: General rules

and company rules, October de 2005

26



33.

34.

35.

36.

37.

38.

39.

Nace — National Association Of Corrosion Engineers. Nace Rp0775-2013

ASTM G1-90 Standard Practice for Preparing, Cleaning, and Evaluating Corrosion Test
Specimens,1999.

Cairns J. , Plizzari Ga, Y. Du, Dw Law , C. Franzoni - Mechanical Properties of

Corrosion Damage Reinforcement — Aci. 2005.

Castel A., Frangois R., Arliguie G.- Mechanical Behavior of Corroded Reinforced
Concrete Beams - Part 1: Experimental Study of Corroded Beams. Pp. 539 — 544. 2000.
A. Castel, R. Francois, G. Arliguie, Model of mechanical behavior of corroded reinforced
concrete, Comptes Rendus of the Academy of Sciences - Series IIb / Mechanics,
Editions Elsevier, Amsterdam, vol. 330, 2002, pp. 45-50.

L. Coudreuse, Fragilization par [’hydrogéne et corrosion sous contrainte, Corrosion sous
contrainte — Phénoménologie et mécanisme: Bombannes, Edition de Physique 1992, pp.
397-424. (1990).

L. Vehovar , V. Kuhar , A. Vehovar Hydrogen-assisted stress-corrosion of pretressing

wires in a motorway viaduct, Eng Fail 5 (1), p. 21 —27. ( 1998).

27



	ABSTRACT
	INTRODUCTION
	BACKGROUND
	EXPERIMENTAL RESEARCH
	Selection and Characterization of Materials
	Microstructural Analysis

	EXPERIMENTAL RESULTS AND DISCUSSION
	CONCLUSIONS

