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Abstract – In order to ensure the reliability of structures
and lifting equipment, mechanics need effective monitoring
tools to determine the condition and life of these systems. In
this context, the choice of reliability method using the theory
of accelerated tests was imposed by the ability of this
technique to detect remotely the damage and predict the
response time to maintain cables service and avoid evolving
faults. Our goal is to study the reliability, dependability and
availability of lifting wire ropes using the theory of
accelerated tests by analytical and numerical modeling, the
results will conduct to assess the relation reliability-damage
in the case of strands arranged in series-parallel and in the
case of parallel-series configuration. The approach is
considered as multi-scale with a total decoupling across wire
and cable. The results will allow a comparison between the
different models of the literature to tie the better model of
maintenance planning

Keywords – Structures, Duration of Life, Damage,
Dependability, Availability, Multi-Scale.

I. INTRODUCTION

The use of cables as tight elements is widespread in
recent decades. They consist of high-strength wires
gathered into packets so as to obtain the desired tensile
strength (Fig.1).

Fig.1.Terminology of hoisting cables

The base material of metal wires is typically a low alloy
steel containing a carbon content close to eutectoid, with

as main alloying elements manganese and silicon (Fig.2).
These steels are formed by a drawing process [1]. Other
production processes also exist as the bainitic and
martensitic hardened, but they are less used for wires [2].

Fig.2. Component parts of a metal wire

To ensure the characterization of cables under optimal
conditions, an analysis of its security must be combined
with well-defined inspection procedures [3] [4] [5].

Unfortunately, many cables have never been subject to
inspection or otherwise, only very partially, due to the
limitations of inspection techniques.

The safety analysis is to connect the estimation of
residual strength of cable using inspection data, this link is
difficult to establish, even if we admit that the concept of
safety factor of cable is a little insufficient to characterize
its present state [6]. The majority of works related to
determining the bearing of a suspension cable capacity are
statistical models that do not fit the complexity of
mechanical description (non-linear behavior, the
distribution of load, friction between the strands ....).

The behavior of cable is multi-level; therefore, we can
distinguish two scales study: scale wires and wide strands.
Systemic diagram of a suspended cable can be either a
parallel series system: parallel (Number of wires) and
series (number of strands) or a series parallel system:
series (Number of wires) and parallel (Number of strand)
[7] [8].
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The choice of these scales is given that a relevant
portion of a wire behavior governs the behavior of entire
cable. The physico - chemical processes such as the rate of
degradation, due to the environment (corrosion) are
different for each layer, the outer layers is more exposed
[9].

Indeed, when the wires are twisted and wound together,
a broken wire has the ability to recover its strength in a
specific length; this length defines the size of effective
segment, its value is 1 to 2.5 times cast length.

In this section, we will develop a new practical method
for analyzing the reliability of metal hoisting cables.
Among the existing predicting maintenance of complex
systems based on graph theory is particularly interesting
because of its precise nature and with the least cost
methods. For this we will bring several analytical
formulations to estimate the stress state in the internal and
external cable and wires deduct of reliability that are
essential for better maintenance.

III. DEGRADATION MECHANISMS OF CABLES

Cables suffer from continued aggression of environment
(urban, industrial, marine…..). The effects of the
aggression manifested through various events, including
the direct effects are strong changes in geometrical and
mechanical characteristics of the components, which
indicate a significant reduction in the strength capacity of
the cable over time, which can sometimes lead to partial
rupture.

In general, the defects of the hoisting ropes are
classified into four categories:
1- Reduction of the section by wear, corrosion or abrasion;
2 - Rupture of wires steel;
3 - Strains such as bird cages, shell, crush....;
4 - Fatigue.

This part presents a recall of main degradation
mechanisms that affect the cables, their typical scenarios
of accidents and losses they cause mechanical strength and
discard criteria.
A. Generalized corrosion

Non-alloy steel cables used for ordinary susceptibility to
corrosion by dissolution (Fig.3), that is to say a loss of
more or less homogeneous section may allocate all or a
portion of the wires and thereby cause loss of tensile
strength of cable [10].

External and internal corrosion of cables is caused by
infiltration of water and lack of lubrication [11]. When
water penetrates into inner layers of cables, it produces
oxidation of steel. The corrosion is dependent on the
presence of aggressive media such as chlorides, sulphates,
acids, etc. Breaks elementary wires are occur in several
ways, and depend on the generator mechanism [12] [13].

The first mode of degradation is uniform corrosion or
dissolution. This can cause a loss of more or less
homogeneous section on wires and a reduction in the
breaking strength of cable [14]. This solution can also be
more localized and takes the form of craters that have the
same effect as the previous form of corrosion but they also
reduce the strain at break of strands and promote fatigue

cracking. These two modes of corrosion can cause strand
breaks by exceeding the allowable stress.

Fig.3. Homogeneous dissolution wires with loss of section

B. Localized corrosion
Dissolving wires may also take the form of craters, in

addition to bearing capacity, reduce the strain at break of
strands and also promote fatigue cracking (Fig.4).

Fig.4. Crater dissolution (locally reduced by 50% of
section)

Elachachi [15] developed a model to predict the load-
carrying capacity of a corroded cable, at various levels of
damage to its components in order to estimate the residual
life and the risk assessment of broken wires for a given
level of stress.

The effect of corrosion on the behavior of a section of
strand is presented with the average effort (1000
simulations) as a function of displacement which is given
for 8 deadlines (the time increment is 20 years). It is found
that the corrosion influences the initial stiffness of section
and on the maximum resistive force which decreases with
time (here 27% of 100 years).
C. Corrosion cracking under stress

Steels wires cable is also susceptible to corrosion
cracking under stress, sensitivity increases as the
constraint of service is high. The prestressing cables, in
particular, are used above the yield stress of occurrence of
cracking phenomena (Fig.5), while the average applied
strain and the shrouds parabolas is below the threshold
(Fig.6).

Fig.5. Primers breaking cracks on corrosion cracking
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Fig.6. Breakage corrosion cracking under stress

Steels are also sensitive to stress corrosion cracking.
This sensitivity is even more important that the constraint
service is high. The breaking load is reduced as well as the
elongation at break. The latter can occur without any
plastic deformation (semi-fragile breaks) [16].
D. Breakage of wire ropes

Wire break evolves disproportionately. This fact must
be taken into consideration when determining the control
intervals (Fig.7).

Fig.7. Breakage of strand cables

The sudden termination of cables is often the result of
interactions between two contacting wires, subjected to
relative displacements of low or high amplitude. Several
phases can be distinguished in the behavior of cable
breakage. First, a more or less significant degradation and
rapid wires with the formation of wear debris (third body)
part of which may be ejected from the contact. During the
second phase, there is the appearance of microcracks
initiated at the contacts which involved in the formation of
larger debris thereby increasing degradation strands. The
last phase is the crack of contact when toughness cable
reaches a critical value.

Siegert [17] studied the fatigue mechanisms that are
causing ruptures wires in the steel cables, used for bracing
of structures. For this, he relied on many experimental
results. He also proposed a criterion to predict the
initiation and endurance of fatigue cracks in the
interfilaires contacts cables. This criterion is based on the
concept of critical facet amplitude maximum shear.
Contact materials which reduce the wear of cable and their
strands cracking are wear materials such as zinc or
aluminum alloy and lubricant materials such as high
density polyethylene. Studies by Urvoy [18] were used to
compare the change in wet or galvanized wires, strands of
contact and mechanical stresses at interfilaires contacts
subjected to friction between wires. These tests

demonstrate that the 100 MPa fatigue endurance limit ( Δσ
peak/peak ) obtained by Siegert [17] on uncoated dry
wires is raised to 170 MPa for dry galvanized strands for
200 MPa on uncoated lubricated .
E. Fretting fatigue and tiredness

The constituent wires cable have, moreover, an
endurance limit fatigue (Fig.8) which is a function of
average applied stress but that does not depend (for
modern wires) on the diameter of wire or on presence or
not of a galvanized coating.

Fig.8. Fatigue multilayer strand breaks

The tiredness is a fretting mechanism of friction in small
deflections that are also sources of disorders, and cause
wear or fatigue cracking. They may occur:
- Either from interfiles contacts (interlayer) (Fig.9);
- Or the contacts between neighboring strands (Fig.10);
- Or contacts between strand and fixtures.

Fig.9. Case of fretting fatigue, friction strands / necklaces

Fig.10. Case of fretting fatigue, friction strands / strands

The main cause of breaking wires fatigue is associated
with interfilaire friction between adjacent layers. These
movements are caused by fatigue stresses, and called
“fretting fatigue” or small deflections induced by fatigue
[6]. This is exacerbated at the output by the bending of
fatigue anchorages induced by external stress [17].
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This is the result of interactions between two surfaces in
contact which are subject to relative movements of small
amplitude. Several phases can be distinguished in fatigue
behavior of a cable. Firstly, a greater or lesser degradation
and rapid formation of surfaces with wear debris (third
body) this part may be ejected from the contact. During
the second phase, we note the appearance of micro- cracks
initiated at the contacts involved in the formation of larger
debris thereby increasing the degradation of surfaces. The
last phase is the propagation of some cracks under effect
of causing volume forces out of one elements of a contact
when the crack reaches a critical dimension related to
toughness of concerned material [19].

The work of Zhan [20] treated wires of fatigue breaks in
the case of steel cables, subject to the phenomenon of
wear. He performed a series of experiments on steel wire
using a test bench swing. The results of research show that
the wear depth wires of steel increases with contact loads
and number of cycles. For low contact forces, the peel
modes are dominant. When the contact loads increase, the
third body abrasion appears on the worn surfaces.

In other experiments in axial loading on seven strands,
Giglio and Manes [21] were interested in the evolution of
stress state in the strand with applied stress. They also
investigated the influence of interfilaire contact, the length
and diameter of the wires and anchors of cables. They
found that the reduced friction interfilaire of tensile
strength is caused by the coil constituting of wire cable.

For the life of multilayer axially prestressed cables and
subjected to alternating bending free, Raoof and Hobbs [6]
propose the use of a single criterion. This test uses the
calculated maximum tensile stress of the front surface of
the point-like contact, the relative sliding between two
layers of strands and the spacing between two point
contacts on the outer layer of the cable. Such a criterion is
derived from Ruiz criterion that characterizes qualitatively
the risk of crack initiation. The results given by this
method are in accordance with the measurements obtained
in five tests with four different compositions of multilayer
cables and a multitoron one.
F. Friction interfilaire

The study of interfilaire contacts is essential for
modeling the behavior of cables. In general, two types of
contact exist in multilayer cables: the linear contact
between the wires of a single layer and the point contact
between two strands belonging to adjacent layers (Fig.11).
The side contact is considered as a line contact when the
initial contact area is a curve. This contact also exists
between core wire and strand of first wire [22].

The other type of interfilaire contact is present between
wires of successive layers which are extended in opposite
directions. Therefore, wires in both layers cross at an
angle, where a line contacts rather than point. The contact
pressures are clearly higher in the case of a point contact
as in the case of linear contact [23].

In general the behavior of the cable in axial load is
characterized by a coupling between traction, torsion and
bending. In the literature there are various models that
describe the behavior of the cable tension. Costello [24]
and Hruska [25] have modeled the behavior of strands

subjected to different tensile forces. They confirmed that
the Poisson effect, friction and geometric nonlinearities
have a negligible influence on the overall behavior of
cables in tension. Moreover, the radial contact between the
core and outer wire are the only contacts that exist during
an axial loading.

Yan Shen [26] studied the influence of applied loading
and lubrication strands on characteristics of cable (18 * 6)
analyzed.

The variations of the friction coefficient according to the
movement of steel in relatively stable wires stage at
different loads of contact are shown in the fig.12.

It can be seen that the coefficient of friction increased
by the applied loads and gradually decreased with
increasing amplitudes of displacement.

Fig.11.Line contact

Fig.12. Point contact

IV. MECHANICAL PROPERTIES AND CHEMICAL

COMPOSITION OF STUDIED CABLES

In our study, we will look at tests that will be performed
on cables type 19 * 7 (19 strands and 7 wires ) rotating
structures (1*7 + 6*7 + 12*7) 6 mm diameter composed of
light steel greased, metal core , cross right preformed used
including tower cranes and gantries (Fig.13).

They are made of two layers of strands wired in
opposite directions, thereby preventing rotation of the
suspended load when the lift height is important and the
load is not guided. Their use requires a certain amount of
caution at rest and during operation. This construction,
robust nature, is widely used for routine applications and
especially for lifting heights reduced [27].

The sample length of the cable is equal to 10 times the
pitch of 20 mm reancrage more necessary to mooring.
Therefore, the length of 700 mm was taken as the length
of tests for these cables. The accuracy of measurement in a
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length of ± one millimeter for all samples studied [28].
The base material is steel from which wires are formed.

They are twisted to form the assembled strand. Then the
strands are wound in spirals around describing core (type 1
+6). The cable is finally obtained from the strands with a
structure of 19 x 7 (1 +6).

Fig.13. Cross section of a rotating rope "19 * 7"

V. MODELING AND ESTIMATION OF

DEPENDABILITY

Reliability is interested in estimating the life of a system
(component, machine, production line, etc.) [29] [30]. The
software tool is essential to treat this problem [31]. That is
why we have modeled a digital library that allows
determining the reliability and the components of
dependability (maintainability, availability, failure rates
....), in the form of block diagrams describing the
functional role of components.

For the quantification of damage in the cable are used to
determine the damage variable for each fraction of life (for
our study, the fraction of life shows the relationship
between the diameter of the wires and the critical value of
the cable diameter), several models are presented in the
literature, we have chosen the law of damage given by the
unified theory. The advantage of this act in relation to
other approaches is to link the evolution of damage in
material directly to variation of residual ultimate limit: the
damage is thus directly connected to a characteristic of the
cable.

In this section, we present the methodology for
reliability analysis cables, implemented by the digital
library we have developed. We illustrate and compare the
results and deduce the proper maintenance in case of
hoisting ropes.
G. Relation reliability – fraction of life
 Compound system: Series-parallel

A composite system is a redundant system in which the
different components work together to complete the task,
one of the components being able to provide only results
in failure of others.

The series-parallel system has both of reliability
standpoint, sub-sets in series and in parallel subsets.
Considering that the cable (19 * 7) analyzed system is a
series - parallel, his wires (S = 133 wires) are connected in
series, and strands (P = 19 strands) are connected in
parallel.

Fig.13 explains the results of reliability based on
fraction of life, in the case of system series - parallel.

The function of reliability shown in Fig.13 provides
gradual decrease in proportion to the fraction of life. We
clearly see the influence of the series trend wires on the
reliability of the cable.

We also note that the cable maintains some internal
tensile strength (B = 1), this resistance becomes when the
cable is completely broken.

Fig.13. Curve representing the reliability Rs-p depending
on the fraction of life B

 Compound system: Parallel –series
Considering that the cable (19 * 7) analysis is a parallel

system - series, his wires (S = 133 wires) are connected in
parallel, and strands (P = 19 strands) are connected in
series.

Fig.14 explains the results of the reliability based on the
fraction of life, in case of parallel – series system.

It shows the reliability Rp-s depending on the fraction of
life B, we find that the curve is influenced by the tendency
of parallel components. The reverse is observed: the
system is less reliable than if we increase the number of
blocks in series, and we keep the same number of parallel
components.

Fig.14. Curve representing the reliability Rp-s depending on
fraction of life B

H. Relation reliability – failure
 Compound system: Series-parallel

The superposition of reliability and failure curves
indicates intersection which coincides with a reversal
position.
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Indeed, the reliability was initially greater than the
failure and becomes smaller beyond this point, which in
fact corresponds to the acceleration of damage, and
therefore a critical part of life, where the intervention of
preventive maintenance.

Fig.15. Overlay curves reliability and failure for a cable
(19 * 7) mounted in series-parallel system

Studied for the cable, which is considered as a series-
parallel system, coordinated the critical point are Bc (0.85,
0.5), indicating that maintenance should be 85% of the
total life imposed by the manufacturer.
 Compound system: Parallel -series

This part will link reliability to damage through the
fraction of life, these results associating with each point of
damage corresponding reliability.

Parallel-series systems are of particular interest in
industry, this is because the system can continue to operate
and fulfill its task even if some of its components are
completely ruined. We will follow the same approach as
for the series-parallel system.

Fig.16. Overlay curves reliability and failure for a cable
(19*7) mounted in parallel-series system

In the case of a cable connected in parallel - series,
coordinated the fraction of life are critical in Bc (0.72, 0.5).
This value is smaller than the cable connected in series -
parallel, which requires preventative maintenance in the
case of cable connected in parallel - series before the event
of a cable connected in series - parallel (Fig.16).

Thus, the parallel-series system is most compatible for
cable study and for any other complex system.

V. CONCLUSION

Metal cables are primordial elements and should be
checked regularly by qualified personnel. The frequency
of tests shall be chosen so as to detect the damage in time.

The failure criteria for the cable are more complex than
those applied to continuous structures, where the
measurement of crack length or the simple observation of
the loss of integrity may suffice. Generally, these criteria
are based on a mixture of past experience, personal
preference and prejudice for each particular type of
application. The occurrence of unacceptable number of
wire breaks is by the most common adopted for the
assessment of damage to the cable action, which justifies
our choice.

In our study, we proposed a practical method for
reliability analysis applied to the hoisting ropes. Among
existing for reliability analysis system, graph theory
reliability is particularly interesting because of its intuitive
nature, which is an extension curve reliability
conventional methods.

Analysis to assess the impact of factors affecting the
reliability of hoisting ropes which constituted the essence
of this work. It developed a model for predicting the
reliability and dependability of a cable at various stages of
his period in service. In this study , our contribution is
essentially reliability engineer through a system based on a
mathematical approach that determines the reliability of
the cable , taking into account all its parameters and its
physical and chemical characteristics model .
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