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Abstract: The repair of structural elements for the prestressing of reinforced concrete is necessary
when existing prestressing wires are damaged or after a certain period of time. The objective of this
paper is to describe the methodology for the life assessment of corroded prestressing wires, sampled
from prestressed concrete elements after a few decades of use. The aim of the presented research was
to determine the real properties of corroded wire in terms of the evaluation of remaining load capacity
using the Theory of Critical Distances (TCD). The methodology also includes spatial 3D characteriza-
tion of corroded surfaces, determination of mechanical properties, and Finite Element Analysis (FEA)
of a model of wire with corrosion pits. The final goal of the presented methodology is to enable more
efficient evaluation of repair range and options for the elements of mechanical prestressing systems
within various structures. The results and conclusions indicate that the developed methodology,
based on the interdisciplinary approach and implementation of state-of-the-art methods, has a high
applicability potential for both static and fatigue fracture prediction in the case of prestressed wires.
The proposed method has a huge potential for simple and fast prediction of the life assessment of
engineering structures, particularly for damaged elements with arbitrary geometry features.

Keywords: prestressing wire; reinforced concrete; corrosion; Theory of Critical Distances

1. Introduction

In the modern construction industry, Reinforced Concrete (RC) has high importance
as the most used material, due to its many advantages, related to mass production, ver-
satility, reliability, performance, and ecological and economic reasons, as emphasized by
Cui et al. [1]. General building materials are indeed challenging when it comes to meeting
the requirements of special projects such as bridges, so researchers have performed a
significant amount of research work, such as adding fibers and nanomaterials to strengthen
and toughen construction materials for the development of ultra-high-performance con-
crete for bridges and offshore wind turbine platforms. Nanomaterials are often used in
reinforced concrete to improve its performance [2]. The development of prestressed con-
crete technology over the last two decades can be attributed to the research, development,
improvement, and advancement of materials, technology, and construction techniques. The
tailoring of elements of RC structures enables them to sustain higher loads by replacing
reinforcement, usually ribbed bars or welded mesh, with steel elements with different
properties that enable prestressing. The use of prestressed concrete as a structural medium
for bridge construction has been gaining popularity recently. With the increasing demands
in transportation, the requirements for bridges have become higher, and the shortage of
general building materials gives momentum for the use of prestressed concrete in all civil
engineering constructions. The elements used for the prestressing of concrete members are
steel wires and steel wire ropes, so called tendons.

The use of Prestressed Concrete (PC) structures is superior, both technically and
economically, compared to other methods of construction. This is because the size of the
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prestressed elements is smaller compared to the conventional reinforced concrete elements
(reinforced with ribbed bars), and the dead weight of the PC structure is reduced compared
to conventional RC structures. Therefore, implementation of solutions based on PC saves
on the materials used in structures and reduces costs. However, PC structures deteriorate in
many ways, where the corrosion of steel rebars or wires and tendons (elements made from
high strength steel wire ropes) is the prime mechanism, which affects the integrity during
service life and the cost of structure maintenance, as described in detail by Broomfield [3]
and analyzed by Dixit and Gupta [4].

The life assessment of corroded structural elements is not a simple task. This is mainly
because corrosion is an electro-chemical process with a variable rate due to the changing ex-
ternal conditions. At some point, with the progression of corrosion damage, the mechanistic
aspects of damage acting as a stress concentration feature of reinforcement (wire or tendons)
take a leading role in the deterioration of PC. The subject of the research presented in this
paper is the development of a methodology suitable for assessing corroded steel wire for
PC. Corroded wire was chosen because it can be reduced to the single axis strain problem
and is suitable for checking the methodology with the aim of further application of wire
ropes (tendons), which have a more complex stress state. Because the general principles of
the corrosion of steel in concrete is well described by Broomfield [3] and Dixit and Gupta [4],
and its importance is explained by Yang et al. [5], the key question remaining is how to
assess the residual load capacity of corroded wire, as Kioumarsi [6] highlighted. Different
similar problems considering the mechanistic aspect and the importance of geometrical
evaluation is noted by De Queiroz et al. [7]. In addition, a novel innovative method of
piezoelectric materials represented by PZT (Piezoceramic Lead-Zirconate-Titanate) patch
have been increasingly investigated in structural health monitoring due to low-cost and
high-frequency bandwidth, as well as fast response properties [8].

The previously defined problem has different possible answers. Chuanjie et al. [9]
proposed a model of an improved continuum damage mechanics model for evaluating
corrosion–fatigue life, and Jie et al. [10] proposed a Strain Energy Density (SED) approach
in assessing the fatigue strength of corroded metallic wires. If we remove corrosion as an
electro-chemical phenomenon from consideration, as proposed by Turnbull [11,12], any
surface damage can be considered as stress concentration, presented, for example, in real
case studies demonstrated by Lan et al. [13] and Wang et al. [14]. The state-of-the-art in
understanding the influence of arbitrary geometry features on static load and fatigue was
created by Taylor and Susmel [15,16] by developing the Theory of Critical Distances (TCD).
This new approach enables the consideration of small-diameter specimens or samples with
stress concentration features, as demonstrated by Martinez et al. [17] and Jie [18]. It is
important to emphasize that the chosen TCD method did not take into account the physical
process of corrosion itself and included only the mechanistic approach of corrosion damage
as a source of stress concentration, making the analysis simpler and more applicable.

In the case of real engineering components, which are characterized by complex
geometries, resulting in local stress concentration phenomena, a practical and applicable
solution is necessary. Providing structural engineers with design methods suitable for
evaluating the detrimental effect of different stress concentration features, such as weakened
reinforcement in beams, on the overall strength of engineering components is an everlasting
goal. Among the highly applicable design formulations that account for this effect is the
TCD proposed by Taylor [16]. TCD is recognized as one of the most popular and applicable
methods due to its simplicity and good matching between theoretical and experimental
results for different stress concentration features. The main idea of the TCD is the definition
of an effective stress, which is equal to the stresses at a point located at a critical distance
from the stress concentrator (so called Point TCD method). In this definition, TCD uses half
of the characteristic material length parameter, the so-called critical distance, L/2, which
is equal to the critical length of the crack (crack with the capacity to grow further due to
failure), to predict both brittle fracture and fatigue fracture [16]. Failure is expected to
occur if effective stress exceeds a reference material strength. The precursor of failures of
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construction elements are cracks, and the prediction of their initiation is very important, as
noted by Hao Zhang [8] and Terekhina [19].

The research analyzed above considered the problem of corrosion damage of reinforce-
ment based on theoretical models, as well as the application of the TCD on the standard
samples from healthy material, while this paper describes the implementation of the theo-
retical TCD postulates on real case problems. The research results based on a case study
and development of the methodology to evaluate the influence of corrosion surface damage
on steel wire residual load capacity is the key importance of this paper. The mechanistic
approach is chosen in this research, neglecting the electro-chemical aspect of corrosion
phenomenon, and the problem is reduced to stress concentration only. The stress concen-
tration due to corrosion damage is presented as semi-spherical corrosion pits, according to
state-of-the-art knowledge [20].

2. Methodology for Life Assessment of Corroded Wire for Prestressing

The methodology for the life assessment of corroded wire for prestressing is developed
and shown with an algorithm, Figure 1. This new methodology is a partial modification of
similar methodologies developed for fatigue life assessment of a few standard machine
elements, developed and presented by Atanasovska et al. [21], Momcilovic et al. [22],
and Atanasovska et al. [23], and is based on the main postulates of the Theory of Critical
Distances (TCD).
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Figure 1. Methodology for life assessment of corroded wire for prestressing.

In the first step of this methodology, the problem needs to be defined from the aspect
of the use of the prestressing wire and the observation from the prestressed concrete
elements themselves. These data most often come from facility maintenance services or
their expert support.



Metals 2023, 13, 387 4 of 18

The second step presents the comprehensive experimental investigation, starting from
the sampling and visual examination at the structure, which is still in use, followed by
quantification of observed surface defects, their clarification and classification, and finally
experimental testing of samples in the laboratory. The laboratory testing can be separated
into the testing of chemical composition and the testing of mechanical characteristics (under
static and fatigue loads).

The results of experimental testing of the samples give the data required for stress–
strain analysis of the investigated elements, which are performing by Finite element method.
The output of Finite Element Analysis in this phase of the methodology is stress gradients
shown by diagrams of the stress variation along the direction normal to the tangential
surface of the visualized damages.

The main calculation part of the methodology consists of calculating the critical dis-
tance according to the material characteristics obtained for the sampled material, drawing
the stress gradient diagrams and estimation of the calculated effective stresses. The last
step of the methodology is assessment of the remaining life of the materials based on the
TCD method.

2.1. Experimental Investigation on Corroded Wire for Prestressing
2.1.1. Visual Examination

The first part of the experimental investigation on corroded wire for prestressing is
visual examination, performed on the samples taken from the beams of a railway bridge on
a 40 kilometer stretch of the Vrbnica–Bar railway, as shown on Figures 2 and 3, [24].
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Figure 2. Sampling spot of corroded wires with 40-mm diameter ducts.

The protection of the wires is achieved by injecting cement grout into the duct after the
wires have been tensioned and anchored. Due to the damaged state of the ducts, it is not
clear what kind of protection was applied 45 years ago. Visual examination revealed that
the minimum size of corrosion damages varied from 0.4 mm (Figure 4) up to 5 mm (Figure 5)
in length, and 0.3 mm up to 1.5 mm in depth. The diameter of the ducts containing the
corroded wires was 40 mm.
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Figure 5. The length of the greatest detected surface corrosion damage.

Quantification of surface defects was performed on a 3D digital microscope, HIROX
RH-2000 (HIROX, Tokyo, Japan), Figure 6. The real geometry and profile of the corrosion
damage were analyzed in order to check the presumption that there was a possibility for
reducing the geometry on these high-tensile steel wires.

The mechanical properties of steel wires are very sensitive to corrosion. This is
because corrosion and other pre-existing superficial defects reduce the cross-sectional area
significantly and cause severe localized stress concentration [18].

Within the behavior of the corroded element, local pits act as sharp geometrical
features that significantly reduce the strength of the steel wires. This explains why pitting
corrosion is usually considered more detrimental than uniform/general corrosion. If
attention is focused on pitting, the presence of an aggressive environment leads to the
formation on the steel wires’ surfaces of cavities with different shapes. In this context, the
simplest assumption that can be made for assessing the detrimental effect of corrosion
pits is modelling them as hemispherical notches. More realistic geometrical configurations
may also include bullet shapes [11,12]. A visual examination of the cross section of the
actual corrosion pits presented in Figure 5 is shown in Figure 7, to confirm the above
noted statement.
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The geometric characteristics of the wire were measured on the sample of the corroded
wire. Considering that the cross-section of the wire is no longer circular, the cross-section
was determined based on the mass measurement. The test results are shown in Table 1. It
should be emphasized that the variable “calculated diameter” refers to the mathematical
mean value of the diameter based on the longitudinal mass, and not to the actual diameter
of the tested wire.

Table 1. Dimension control of samples.

Sample Nr.
Cross-Sectional Area

of Samples
A0 (mm2)

Calculated Diameter
d (mm)

Deviation from
Nominal Diameter

(%)

1 15.9043 4.50 −10.00
2 15.9751 4.51 −9.80
3 16.0460 4.52 −9.60
4 15.9751 4.51 −9.80
5 16.0460 4.52 −9.60
6 15.9043 4.50 −10.00
7 15.9043 4.50 −10.00
8 16.0590 4.53 −9.40
9 15.9751 4.51 −9.80
10 15.9045 4.50 −10.00

Average Values 15.9893 4.51 −9.76

Nominal Values 19.234 ÷ 20.019 5 ± 0.05 max ± 1%

2.1.2. Experimental Testing

The chemical composition of the corroded wires was tested to compare them with
similar new wires. The testing of the sample was performed on a BELEC LAB 3000s OES
(Belec, Osnabrück, Germany). The obtained results are given in Table 2. The main aim
of the presented research and developed methodology is the assessment of the residual
load carrying capacity of prestressing wires; therefore, an extensive chemical testing, for
example with a method such as Energy Dispersive Scanning (EDS), was not performed.

Table 2. Chemical composition of corroded wire.

%C %Mn %Si %P %S %Cr %V %Al

0.67 0.88 0.35 0.028 0.021 0.21 0.04 traces

In order to determine the reduction of the tensile strength of corroded wire, a tensile
test was performed. Testing was performed on a SHIMADZU AGX-V 100 kN testing
machine (SHIMADZU, Kyoto, Japan), with a strain rate of 0.1 mm/min; Figure 8. Testing of
the corroded specimens is very sensitive from the aspect of gripping force; therefore, such
specimens must be tested with controlled gripping, as shown in Figure 8. The obtained
experimental results are given in Table 3. The number of specimens for dimension control
and tensile testing does not match, because one of the samples was used for chemical
testing and microscopy analysis; Figure 9.
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Figure 8. Tensile testing of wire sample.

Table 3. Tensile test results.

Sample Nr. Elasticity Modulus
(GPa) Tensile Strength σt (MPa) Elongation (%)

1 196 1456 5.1
2 197 1507 4.7
3 196 1509 4.9
4 196 1436 5.4
5 198 1519 4.3
6 197 1482 5.1
7 196 1491 5.0
8 199 1466 5.5
9 198 1484 5.3

Average Values 197 1483 5.0

Reference Value [25] 200 1570 4.0
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The results of the tensile test indicate a strong influence of the local level of corro-
sion damage, particularly the inclusion of “hidden” subsurface damage, as shown on
Figures 7 and 9. The experimentally obtained results of dimensional analysis (Table 1) and
tensile testing (Table 3) show that the diameter of the corroded wire is significantly reduced
by approximately 10%, and the cross-section is even more reduced, by approximately 18%.
The tensile strength is reduced by only 5.5%, based on the comparison of the experimental
results for tensile strength given in Table 3 with the referent value from the literature [25].

2.2. Finite Element Analysis

In order to determine the remaining strength of the damaged wire, numerical modeling
was performed under static and dynamic loading—simulating the size of previously
measured damages according to the data obtained from the materials in use. As the
maximum measured depth of corrosion damage is 0.56 mm, dimples with a radius of
0.3 mm, 0.6 mm, and 0.8 mm were chosen for modeling. Tension was modeled up to a force
of 12.6 kN, in a static load, and fatigue was modeled around the tension force (12.6 kN),
with amplitude ∆σ = 2 kN at the ratio of main stresses R = 0. The tension force of 12.6 kN
was chosen as a force for prestressing for a nominal wire diameter of 5.0 mm.

Finite Element Analysis (FEA) of the wire with corrosion pits was performed in order
to calculate the stress state of the investigated cases of corrosion damages on the wire for
the prestressing of reinforced concrete [12,20–22,26]. This Finite Element Analysis was
performed using ANSYS Mechanical APDL commercial software (ANSYS 19R3 version,
ANSYS, Inc., Canonsburg, PA, USA), which successfully solves different kinds of problems
related to specific geometry as the source of stress concentration, such as the problem
of geometric evaluation and constructal design [7], as well as the optimization of the
geometrical and material characteristics of specific products [27] or coupled problems
including nonlinear contact phenomenon [23].

The modelled wire samples were simulated with three different radiuses of semi-
spherical corrosion pits—0.3 mm, 0.6 mm, and 0.8 mm. The number of nodes in the finite
element models was 220,382, and the number of elements was 137,922; Figure 10. The
material model chosen for FEA was a linear elastic material model. This model is required
to model material behavior in accordance with the main postulates of the Theory of Critical
Distances (TCD) implemented in the next step of the presented methodology. The modulus
of elasticity in this material model was simulated in accordance with the experimental
results presented in Table 3. The Finite Element Analysis was performed under static tensile
loading of 12.6 KN, which is the force used for prestressing in real concrete elements [24].



Metals 2023, 13, 387 11 of 18

Metals 2023, 13, x FOR PEER REVIEW 11 of 19 
 

 

maximum measured depth of corrosion damage is 0.56 mm, dimples with a radius of 0.3 

mm, 0.6 mm, and 0.8 mm were chosen for modeling. Tension was modeled up to a force 

of 12.6 kN, in a static load, and fatigue was modeled around the tension force (12.6 kN), 

with amplitude ∆σ = 2 kN at the ratio of main stresses R = 0. The tension force of 12.6 kN 

was chosen as a force for prestressing for a nominal wire diameter of 5.0 mm. 

Finite Element Analysis (FEA) of the wire with corrosion pits was performed in order 

to calculate the stress state of the investigated cases of corrosion damages on the wire for 

the prestressing of reinforced concrete [12,20–22,26]. This Finite Element Analysis was 

performed using ANSYS Mechanical APDL commercial software (ANSYS 19R3 version, 

ANSYS, Inc., Canonsburg, PA, USA ), which successfully solves different kinds of prob-

lems related to specific geometry as the source of stress concentration, such as the problem 

of geometric evaluation and constructal design [7], as well as the optimization of the geo-

metrical and material characteristics of specific products [27] or coupled problems includ-

ing nonlinear contact phenomenon [23]. 

The modelled wire samples were simulated with three different radiuses of semi-

spherical corrosion pits—0.3 mm, 0.6 mm, and 0.8 mm. The number of nodes in the finite 

element models was 220,382, and the number of elements was 137,922; Figure 10. The 

material model chosen for FEA was a linear elastic material model. This model is required 

to model material behavior in accordance with the main postulates of the Theory of Crit-

ical Distances (TCD) implemented in the next step of the presented methodology. The 

modulus of elasticity in this material model was simulated in accordance with the exper-

imental results presented in Table 3. The Finite Element Analysis was performed under 

static tensile loading of 12.6 KN, which is the force used for prestressing in real concrete 

elements [24]. 

  

(a) (b) 

Figure 10. Finite element model of wire with a semi-spherical corrosion pit with a radius of 0.8 mm: 

(a) Loading definition; (b) Detail of a finite element model in the zone of the modelled pit. 

2.3. Theory of Critical Distances 

Figure 10. Finite element model of wire with a semi-spherical corrosion pit with a radius of 0.8 mm:
(a) Loading definition; (b) Detail of a finite element model in the zone of the modelled pit.

2.3. Theory of Critical Distances

For structural components subjected to in-service time-variable loading, it is well
known that the overall fatigue performance of metallic materials is significantly affected by
stress concentration phenomena arising from conventional notches. To understand and
model the harmful effect of any kinds of geometrical features on the fracture and fatigue
behavior of metallic materials, in his well-known book [28], David Taylor recommends
using the so-called Theory of Critical Distances (TCD). The TCD assesses the presence of
stress raisers by directly post-processing simple linear-elastic FEA. This is one of the key
advantages of the TCD. Thanks to its specific features, the TCD is suitable for predicting
the fatigue lifetime of notched components, not only in the high-cycle [28], but also in the
medium-cycle fatigue regime [29,30].

The different formalizations of the TCD are based on the assumption that fatigue
damage in notched metallic components can be quantified accurately, provided that a
specific material length scale parameter is incorporated into the stress analysis [28,31–33].
In this method, this critical distance is treated as an intrinsic material property, and its value
is closely related to the size of the dominant source of microstructural heterogeneity [31].
Another important aspect of TCD in its simplest formulation, is performing the fatigue
assessment of notched/cracked ductile metals by directly postprocessing the local stress
fields determined by using a linear-elastic constitutive law [25,28]. The importance of
the geometry of the corrosion pit was demonstrated by Cerit [34], and the influence on
premature failure was demonstrated by Torribio and Valiente [35].

Another important advantage of TCD is the fact that it is the first developed method
with implementation of well-known critical distance variables based on Linear Elastic
Fracture Mechanics (LEFM) in order to estimate fatigue strength in the high-cycle fatigue
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regime [36,37]. The required critical distance, L, can be simply calculated based on the
Linear Elastic Fracture Mechanics (LEFM) according to following formula [28,38]:

L = 1/π·(KIc/σt)
2—for static loading (1)

L = 1/π·(∆Kth/σ0)
2—for fatigue loading (2)

where KIc is critical stress intensity factor, σt is tensile strength, ∆Kth is fatigue threshold,
and σ0 is fatigue strength.

The TCD method uses half of the critical distance calculated in accordance with
Formulae (1) and (2) to read the values of the effective stresses from the stress gradients
calculated by FEA. The stresses at the distance from the tip of the stress concentration
feature (corrosion pit) equal to half of the calculated critical distance are the effective
stresses for further comparison with material strength characteristics and assessment or
remaining service life.

3. Results and Discussion

After the detailed experiment investigation presented in Section 2.1, the main parame-
ters for FEA and TCD implementation are recognized. The experimentally identified shape
and dimensions of damages on the corroded wire for prestressing are modelled by FEA.
FEA provides the necessary results of stress state and gradients in the vicinity of stress
concentration features due to corrosion damage, as Section 2.2. describes. The obtained
FEA results are analyzed based on the Von-Mises equivalent stresses; Figure 11. The cross-
sections of the obtained results for Von-Mises equivalent stresses for the different analyzed
radii of the pits are drawn and compared with the material characteristics; Figure 12. In
Figures 11 and 12, the min–max stress values are presented in the contour-color bar for the
zones with stress concentrator analyzed in this research. The values of the output results
are given in SI system units. In these figures, the local maximum stresses of the simulated
model, which is only the result of the simulation of tensile force at a single node of the finite
element model, are excluded, because they are not valuable for the presented discussion.
The comparative diagram of stress gradients was prepared based on these FEA results;
Figure 13.

In the next step, a very simply procedure for assessment of the conditions of static
failure or initiation of fatigue damages is performed by implementation of the Theory of
Critical Distances (TCD).

The calculation of critical distance, L, which is necessary for TCD implementation, can
be performed by Equations (1) and (2). For the statical loading case, the experimentally
determined value of tensile strength is taken from Table 3 (σt =1483 MPa), and critical
stress intensity factor is taken from the literature [39] (KIc = 84 MPa

√
m):

L = 1/π·(KIc/σt)
2 = 1/π·(84/1483)2 = 1.02 mm (3)

The value obtained from Equation (3) for half of the critical distance for statical
loading (0.51 mm) is far from the zone with intensive stress gradients, as shown at the
cross-sections in Figure 12. Therefore, for the specified real investigated prestressing wire,
further consideration of static loading for life assessment calculation is not necessary.

For the fatigue loading case, the fatigue strength can be calculated based on the
correlation with material hardness. According to values for hardness of the specified steel
grade, taken from the experiments of Casagrande et al. [40], the estimated value of fatigue
strength for this particular wire is:

σ0 = 1.6·HV = 1.6·440 = 700 MPa (4)

and the value of fatigue strength is taken from the literature [41] and is equal to 9 MPa
√

m.
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The critical distance can be calculated in accordance with Formula (2):

L = 1/π·(∆Kth/σ0)
2 = 1/π·(9/700)2 = 0.053 mm (5)

Half of the obtained critical distance is shown with a blue line and marked as L/2 in
the diagram of FEA-calculated stress gradients; Figure 13.

After completion of the diagrams, Figure 13, the effective stresses for different dimen-
sions of stress concentrator can be read at the intersections of the blue line, presenting
a value of L/2, and the stress gradient diagrams. Conclusions regarding the remaining
service life of these corroded elements can be defined based on considering two different
loading cases (static and fatigue). For the static loading case, the critical value of stresses
is equal to the tensile strength given in Table 3 (with an average value of 1483 MPa). It is
obvious that in the presented case-study the tested corroded wires have high safety for
static loading. For fatigue, the same read values are compared with fatigue strength, given
by Equation (4), and equal to 700 MPa. It can be concluded from this comparison that
the tested corroded wires have reduced load capacity for fatigue loading. Therefore, the
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testing elements have a high possibility for fatigue failure if the construction is continuously
subjected to fatigue loading.

The implication of the previous discussion is that this methodology enables the deter-
mination of the critical size of a pit at the corroded element for static load, as well as for
fatigue. This means that the periodical implementation of the developed methodology on
structures still in use can prevent catastrophic failures.
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4. Conclusions

The presented research of corroded steel elements for reinforced concrete shows that
different research points in this problem are still open for investigation. This conclusion
is also verified by other authors [42]. The new methodology for the life assessment and
load capacity of these corroded elements is explain and verified. The main highlights and
conclusions of the presented research are as follows:

(1) The developed methodology has a specific potential for investigation of the elements
of concrete prestressing that have already been in use for many years;



Metals 2023, 13, 387 16 of 18

(2) The developed methodology presents a unique set of already well-known methods
(experimental testing, visual examination, chemical characteristics, tensile testing,
Finite Element Analysis, and Theory of Critical Distances), coupled with specific
connections in an original methodology for estimation of the remaining life of investi-
gated structures;

(3) The presented procedure gives the possibility for assessing the remaining service life
of corroded elements in current use, obtained with consideration of two different
loading cases (static and fatigue);

(4) The obtained results in the presented case-study show that the tested corroded wires
have reduced load capacity for fatigue loading and high safety for static loading.
Because the construction (railway bridge) investigated in this research is not subjected
to the fatigue loading case continuously, the static loading case can be considered
as the critical loading case. This is in line with the fact that these elements are still
in use after 45 years, and is also supported by the experimental results given in this
paper, which show that the tensile strength of the tested wire samples is reduced by
only 5.5%;

(5) The results can be used for effective determination of the critical size of a pit at the
corroded element, i.e., by the periodical implementation of the presented methodology,
catastrophic failures can be prevented.

Finally, it can be concluded that the main advantage and contribution of the presented
methodology is the possibility to quantify the conditions of occurrence of both static and
fatigue fracture. The developed methodology has a high potential for implementation on
different geometric stress concentrators, separately or grouped, in order to give prompt
and accurate prediction of the life assessment of engineering structures, particularly for
damaged elements with arbitrary geometry features. The very specific and state-of-the-art
perspectives of the proposed method could be used in the field of artificial intelligence as a
part of health monitoring systems.
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