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1. Introduction 
 

Cables has been widely used as critical load carrying 

members in many engineering application, including cranes, 

lifts, mine hoisting, bridges, cableways, electrical 

conductors, offshore mooring systems, among others 

(Chaplin 1999, Foster 2002, Sarkar and Taylor 2002).  

Typically, the internal structure of a cable is comprised by a 

series of components (wires) that can take different 

arrangements (different wire numbers and diameters) 

depending on the application. An adequate selection of 

components can lead a cable to have high axial strength and 

stiffness in relation to their weight, combined with a low 

flexural stiffness. This combination is achieved by using a 

large number of components, each of which is continuous 

throughout a cable’s length.  When loaded axially, each 

component provides tensile strength and stiffness, but when 

deformed in bending, the components have a low combined 

bending stiffness (providing a bending deformation that is 

uncoupled from the axial response). To facilitate handling, 

it is necessary to ensure that a cable has some integrity as a  
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structure, rather than being merely a set of parallel 

components. This characteristic is achieved by twisting the 

components together producing friction, bending and 

torsional moments between wires, characteristics that can 

significantly affect the integrity of the components (Chaplin 

1999). 

Considering that cables generally have high flexibility, 

long lengths, and low weight and damping, they tend to be 

excited to large amplitudes by minimal excitation 

amplitudes (Cluni et al. 2007, Flamand et al. 2014). 

Depending on the application, vibrations of cables are 

induced by wind, wind-rain, traffic and seismic events. 

These vibrations may induce axial fatigue (T-T fatigue) due 

to the fluctuation of the axial tension and bending fatigue 

(F-B fatigue) as a consequence of the combinations of an 

axial load and cyclic bending. The action of these two 

fatigue types, along with a harsh environment (that tends to 

corrode cable components), could induce cable damage as a 

result of the partial or complete rupture of some of their 

components. In the long term, this condition could 

compromise the safety and integrity of the structural system 

that damaged cables are part of (Cluni et al. 2007). Hence, 

the understanding of the interaction of the factors that 

govern the response of cables and their dependence on 

different operational conditions are essential to estimate 

cables service life at the design stage and to establish the 

appropriate inspection methods and discard criteria. 

Consequently, the service life of a cable can be greatly 

extended by following a planned program of installation, 

operation, maintenance, and inspection (Chaplin 2005).  
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In the particular case of transverse vibrations of stay 

cables and transmission line conductors, the fundamental 

fatigue failure is the cyclic stress bending due to wind 

vibration governed by the interwire fretting (relative 

slippage between adjacent wires) which is the primary 

mechanism responsible for individual wires deterioration 

(or even fractures) at the fixed ends (Chaplin 2005, 

Kalombo et al. 2016). Many works have been published on 

F-B fatigue problem (Wood and Frank 2009, Fadel et al. 

2012, Winkler et al. 2015), however, there are still aspects 

of  cable response under repeated loading that need to be 

clarified. Some of these aspects deal with: (1) transverse 

vibrations and fatigue life of damaged cables, (2) account 

for passive damping inherent in cables due to friction, (3) 

coupling between vibration modes (biaxial bending and 

torsion), and (4) the effect of uncertainties related to the 

excitation and the mechanical properties of the cable’s 

material over the fatigue performance. It is important to 

note that these aspects can be studied conducting an 

experimental program especially designed for the purposes 

sought (particular cable construction, type of excitation, 

etc). However, the cost of fatigue tests (such as the rotative 

tensile test and rotative bending test) rapidly increases as 

the cable diameter gets larger, making in some cases the 

fatigue tests unfeasible (Cluni et al. 2007). Considering this 

drawback of experimental studies, the development of 

reliable, robust, and computational efficiency numerical 

model seems to be a promising computational tool to 

estimate bending fatigue of damaged cables and provide 

information that can be used to establish integrity-

monitoring procedures during operational service and 

develop discard criteria. 

The failure of cable components due to fatigue occurs in 

the region where there are restrictions on their vibratory 

motion such as the suspension clamps, spacer and dampers. 

In these localized regions, the cable undergoes rapid change 

in curvatures; thus a fiber-based model (accounting for axial 

strength energy only) is inadequate to accurately describe 

its mechanical behavior. In this kind of problems, a richer 

model for the cable/conductor should be developed in 

which the axial and bending properties need to be 

accounted for (Luongo and Zulli 2013). Note that 

increasing the model complexity also increases the 

computational cost employed to predict the cable behavior 

(which is an important factor to take into account if the 

model is evaluated several times to perform, for example, 

parametric analysis), then a balance between complexity 

and computational cost should be carefully evaluated. More 

details on this issue are presented later in Section 2. 

Based on previous comments, the fatigue estimation in 

cables is a complex task since it requires not only an 

adequate cable model but also an adequate excitation 

model, which in fact has a stochastic behavior, i.e., wind 

excitation cannot be completely predicted since an aleatoric 

component is part of it. Moreover, the fatigue assessment 

relies on the estimation of the number of cycles at 

determined stress, indicating that the cable should be 

modeled dynamically, adding a dependency of the initial 

conditions, the tensile stress and the mechanical properties 

of the materials. The complexity of the problem increases 

even more since the information about the initial conditions 

of the cable are not known at the time that the wind starts 

exciting it, e.g., the cable can be vibrating by the action of 

another type of excitation (Giaccu et al. 2015). The tensile 

stress is also difficult to identify, it can be susceptible to 

changes in the loaded members, e.g., in stay bridges the 

tensile stress of a cable depends on the traffic load, which is 

time-varying (Argentini et al. 2016). In addition, the 

mechanical properties (e.g., density, Young ś modulus) of 

the elements employed in cables manufacturing depend on 

their thermal and mechanical history. Typically these values 

are tabulated and used as deterministic parameters when in 

reality represent an expected value. In this sense, the 

mechanical properties of the material employed in cables 

present variations reported between +/-5 and +/-10% of 

their nominal values (Jacinto et al. 2012). In general, the 

uncertainties related to the parameters mentioned above 

have an impact on the estimation of the dynamic response 

of the cable. However, and to the best of the author’s 

knowledge, a limited attention has been paid to the 

quantification and propagation of these uncertainties in 

cables under wind-induced vibrations.  

Some authors already recognized the need to tackle the 

cable vibrations from the stochastic perspective. Recently, 

Giaccu et al. studied the free response of a cable network 

assuming stochastic initial conditions, which are considered 

non-deterministic as a way to model the effect generated by 

the aeroelastic phenomenon. However, the authors limited 

the study to the malfunctioning identification of a cross-tie 

(Giaccu et al. 2015). In this sense, there is still the need to 

propose a more comprehensive and general models to 

incorporate uncertainties in the dynamical modelling of 

cables. Specifically, having a robust (account for 

uncertainties in mechanical properties of the cable, initial 

conditions, and tensile stress along with a realistic source-

induced excitation) procedure based on stochastic modeling 

is essential for cable design and cable evaluation during 

operational service, and for developing discard criteria 

according to cable usage.  

The aim of this work is to present an efficient 

computational framework to estimate the stress cycling 

behavior of cables subjected to wind-induced excitations. 

This framework takes into account the non-deterministic 

nature of the excitation and the limited knowledge about the 

mechanical properties of the cable, initial conditions (prior 

excitation), and its basal tensile stress. As a result, the 

framework could be used in the fatigue assessment. The 

excitation is limited to the mechanism of vortex shedding 

since it is the responsible of the predominant vibrations at 

low amplitudes, which affects directly the fatigue behavior 

(Cluni et al. 2007, Kumarasena et al. 2005) (more details on 

this issue are offered later in Section 3). However, the 

framework could be extended to incorporate other 

excitation sources (e.g., seismic excitations, traffic-induced 

vibrations, among others) or wind excitation models (e.g., 

recorded wind speed time-histories, artificial time-histories 

as realization of a specific power spectral density function). 

In particular, the work is focused on the efficient accounting 

of the variability associated to the wind speed in a particular 

time span and the uncertainties associated to the mechanical 
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properties of the cable into the cycling stress estimation as 

well as the uncertainties associated to the tensile stress. The 

propagation of uncertainties is established adopting Monte 

Carlo simulations based on the concept of importance 

sampling, which is used here in such a way that different 

probabilistic models for the uncertain variables (wind 

speed, mechanical properties of the cable, initial conditions 

and basal tensile stress) could be evaluated without a 

significant additional computational burden. This is 

particularly important since the procedure allows the 

evaluation of the impact of these uncertainties on the 

dynamic response, giving information about which of the 

uncertainties could be neglected in this kind of problems 

(the procedure is fully described in Section 4). Another 

important aspect of the framework is that it allows the 

evaluation of a damaged cable with no extra computational 

cost. An alternative to model damaged cables consists on 

changing the Young ś modulus or the tensile stress, which 

can be easily introduced in the framework. Additionally, it 

is important to mention that the cable model used in the 

Monte Carlo simulations should considered both, 

identification of rapid changes in the cables curvature and 

the incorporation of the internal components characteristics 

(wires geometry and arrangements). This is a particularly 

important characteristic of the framework in order to keep a 

realistic modeling of the cable, reason why a beam-based 

high fidelity model is developed accounting for the effect of 

each wire (including the helix angle) on the axial stress of 

the cable. The details of this model is described later in 

Section 2.  

This work presents the first effort to close an important 

gap in the modeling of wind-excited cables (oriented to 

fatigue prediction) by the incorporation of the model 

parameters (initial conditions, tensile stress, modal 

damping, and mechanical properties) and the wind velocity 

as uncertain variables in a framework that is 

computationally efficient and versatile (different 

probabilistic models can be evaluated with no additional 

effort). In summary, the procedure constitutes a powerful 

tool in the estimation of the axial stress range versus 

number of cycles curve experience by a cable due to: (i) it 

takes into account the variability associated to the wind 

speed, material properties and tensile stress, (ii) it uses a 

realistic cable model where the internal arrangements of 

components are considered, (iii) after a first run it allows to 

evaluate different tensile stress conditions, different 

mechanical properties, or even different cable damage 

stages without adding significant computational costs, and 

(iv) it is possible to evaluate not only the expected behavior 

but also the performance associated to some exceedance 

probability. All these characteristics are demonstrated in 

Section 5 through an illustrative example. 

 

 

2. Enriched numerical model for cables 
 

The core of the framework proposed is the use of a 

deterministic model to predict the dynamic behaviour of the 

cable subjected to dynamic excitations. As the cable model 

will be later employed to propagate uncertainties by 

adopting Monte Carlo simulations (that requires several 

evaluations of the cable model), it is necessary to select it 

by keeping an adequate balance between precision and 

computational burden. 

One of the traditional and well-accepted numerical 

techniques, finite element (FE), presents several obstacles 

in the high fidelity modelling of cables. A high fidelity 

modelling involves 3D geometry that should account for 

interactions among cable components (complex multiple 

contact interactions between the inner wires). This 

interactions could induce modeling problems caused by bad 

convergence, potential loose of symmetry due to cable 

component failure, and important demand of computational 

resources (Nemov et al. 2010, Beltrán and Vargas 2012). 

Although some commercial FE codes (Knapp 1998, 

ABAQUS 1996, Hallquist 2006) have implemented 

numerical algorithms to overcome above convergence 

difficulties, problems related to high computational cost and 

convergence to the equilibrated solution in case of nonlinear 

problems, especially for large diameter ropes, still remain 

(Nemov et al. 2010). In this context, simpler models emerge 

as an alternative to estimate cyclic bending behavior of 

cables, providing information that can be used to perform 

fatigue assessment. 

In this study, the cable is assumed to behave as a stiff 

cable, which means that the cable can undergo to large 

changes in curvature. Remember that important changes in 

the curvature are the main responsible of the fatigue 

phenomena, so the goal here is to establish a relative simple 

model able to capture the curvature in the cables 

components. To this end, the cable is modelled as a 

nonlinear beam under bending and axial load with 

Bernoulli ś kinematic hypothesis. Thus, a general 1D two-

noded nonlinear beam element with two degrees of freedom 

(dof) per node is considered to discretize the length of the 

cable, Fig. 1(a) presents the scheme adopted for a beam 

element. In this way, the effects of the restrictions on the 

vibratory motion of the cable such as the suspension 

clamps, spacer and dampers on some of the interest 

characteristics of the response of a cable (stress/strain 

distribution; failures of the cable wires; dynamic 

parameters; and deformed configuration) under dynamic 

excitations can be accounted for  (Luongo and Zulli 2013, 

Beltrán and De Vico 2015). Based on the finite element 

discretization of a cable, the equations of motion at time t 

are proposed to be written following the classical updated 

Lagrangian approach, in the framework of second order 

theory 

   NL t   Mx Cx K K x f  (1) 

where M is the mass matrix, C is the damping matrix, 

 tf  is the vector of nodal forces that depends on time t. 

Matrices K and K
NL

 are the linear and geometric nonlinear 

stiffness matrices respectively. The vector of nodal 

displacement is x; and x , x  are vectors of nodal velocity 

and nodal acceleration respectively. In the proposed 

formulation, both stiffness matrices are based on Hermite 

interpolation functions for the case of the bending rotations 

and transverse displacements. The vector of nodal forces 
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 tf  is related to wind-induced excitation on the cables. 

This vector will consider wind-cable interactions associated 

to Vortex Shedding using a probabilistic procedure (outlined 

in the following section) to describe and quantify the effect 

of the wind–induced excitation to the cable in the long term.  

Refering to Eq. (1) and following the order of dof 

presented in Fig. 1(a), the linear stiffness matrix of each 

beam element is 
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while the local nonlinear stiffness matrix of each beam 

element presents the following expression 
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In previous equations, hj corresponds to the length of the 

j-th beam element while the equivalent bending stiffness 

EI  is defined considering the Bernoulli ś kinematics 

hypothesis as 

   2 3

1 1

cos cos
M M

i i i i i

i i

EI E A r E I 
 

    (4) 

where M is the number of wires that form cable’s cross-

section. The expression presented in Eq. (4) comes from the 

use of different coordinate systems for the wires that 

compose the cable. A global coordinate system is located at 

the cable neutral axis (x-y coordinate system in Fig. 1(b)) 

while a local coordinate system is located at the centroid of 

each wire (xi-yi coordinate system in Fig. 1(b)). Then, the 

parameters Ai, ri, Ii, and ti correspond to the cross-sectional 

area, distance from cable neutral axis to the wire centroid in 

the y direction, inertia relative to a local axis xi-yi, and the 

axial load of the i-th wire that form of cable cross-section 

respectively. The  cos
i

  terms appearing to powers one 

and three account for the actual direction of each wire in the 

cable cross-section in which i  is the helix angle of the i-

th wire, as it is shown in Fig. 1(c). Note that not necessary 

all wires present the same helix angle, e.g., in the scheme 

presented in Fig. 1(b) the central wire has a different helix 

angle (in fact the angle is zero for this case) than the rest of 

wires. Note that the tensile force T in the cable is given by 

 
1

cos
M

i i

i

T t 


 . 

On the other hand, the local mass matrix of each beam 

element is given by 

2
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(a) Degrees of freedom employed in each beam element 

 
(b) Cable cross-section with local and global system of 

reference 

 
(c) Cable longitudinal view indicating the helix angle 

Fig. 1 Scheme of the cable model 
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where   is linear density of the beam element. At this 

point, it is important to remark that the term enriched model 

is used in this study to indicate: (1) the capability to capture 

the cable’s curvature and (2) the versatility to incorporate 

the geometry and arrangement of the cable’s cross-section 

components (wires distribution and their respective helix 

angles). 

The excitation force  tf  in Eq. (1) will be defined 

later in Section 3. Note that if the excitation and the initial 

condition are known, it is straightforward to integrate the 

equation in order to obtain the nodal displacement and 

rotation of the cable, e.g., adopting a traditional Dormain-

Prince algorithm, Neumark Methods, amount others. 

Employing the Hermite interpolation function and nodal 

values of the displacement and rotation is possible to obtain 

the deflection of the cable at any point (any z coordinate, 

being z the longitudinal axis). 

Approximating the cable curvature  
o

z  by the 

second derivative of its deflection, the axial stress can be 

evaluated as    
zz o

z E z y   , where y corresponds to the 

distance between a particular point in the cross-section of 

the cable and the neutral axis (please refers again to Fig. 1). 

For this case of study, the maximum radius of the cable (y = 

D/2) is used to estimate the contribution of the bending in 

the axial stress, which ultimately leads to the following 

expression of the axial stress valid in any element j of the 

mesh 

 
 

 
2

2
,

2

oj j

zz

d z D
z t E t

dz
  

N
x  (6) 

Here,   1 4x

o
z RN corresponds to a vector containing 

the Hermite interpolation functions,  j

tx  contains the 

time progression of the dof corresponding to the j-th 

element, and  ,
j

zz
z t  corresponds to the axial stress of the 

j-th element at any position (z) and time (t). Note that     

corresponds to a correction factor that accounts for the 

helical configuration of a wire, which is equal to  2

cos
ext

 , 

being 
ext

  the helix angle of the outermost layer of the 

cable (Beltrán and De Vico 2015). Remember that large 

axial stress values are expected in areas where the 

transversal motion of the cable present significant 

restrictions, then it is possible to select the critical elements 

of the mesh according to the location of dampers, 

suspension clampers, spacers, etc. Once the critical 

elements are identified, the number of cycles (N) above 

certain level of axial stress ( ) can be accounted for a 

specific time window tint by applying some cycle counting 

algorithm (e.g., level crossing cycle counting, rainflow 

counting method, among others, (Shinde et al. 2018)). 

 

 

3. Excitation model 
 

In terms of the dynamic excitations on cables, it is 

necessary to pointed out that these excitations can be 

produced by two different forcing mechanisms: (1) 

excitations transmitted by the movement of the clamped 

sections of the cable; and (2) forces directly applied on the 

cable body. The first group of excitations typically 

corresponds to excitation due to seismic activity or 

transmissibility product of excitations due to traffic or 

mobile loads in the adjacencies of the cable. On the other 

hand, the second group corresponds typically to excitations 

due to the wind-cable interactions, being the most relevant 

source of excitation in terms of the fatigue loading (as it 

was mentioned before in the introduction) (Cluni et al. 

2007, Argentini et al. 2016). The wind-cable interaction can 

occur by different mechanisms: vortex shedding (resonance 

between the vortex shedding and the natural frequencies of 

the cable (Grouthier et al. 2014)), turbulent buffeting (high 

wind loads that change rapidly in time.), galloping (airflow 

creates uplift force around an unsymmetrical cross section 

(An1a et al. 2016)), and rain-wind vibrations (rainwater 

forms one or two rivulets under the influence of the airflow 

around the cable which change its aerodynamic shape in 

such a way that it is susceptible to vibrations, see for 

example (Guérard 2011, Li et al. 2016). Despite the 

different nature of the mechanism involved, the vortex 

shedding and turbulent buffering are the most important 

phenomena since they appear most of the time at regular 

wind speeds (Cluni et al. 2007, Wang et al. 2017). 

 

3.1 Vortex shedding mechanism 
 

Although the mechanisms described above have been 

widely studied in the past, their modelling still represent a 

challenging task since it requires a lot expertise and 

computational resources in the coupling of the solid and 

fluid equation of motions. However, there are some special 

cases for which the fluid-structure interaction can be 

represented by simplified models, e.g., assuming a constant 

wind speed (pure vortex shedding) (Carberry et al. 2001) or 

imposing a variance defined by a power spectral density 

over a mean wind speed (turbulent buffeting) (Cluni et al. 

2007, Wang et al. 2017). Those models can adequately 

represent the behavior of the cable in short periods of time 

but they do not necessarily represent the real behavior in a 

long term. In that sense, it is still needed a more adequate 

description of the wind speed, incorporating a probabilistic 

procedure to describe and quantify the effect of the 

coexistence of those mechanisms. The procedure proposed 

in this study, however, assumes a pure vortex shedding as a 

source of excitation since it is the phenomenon presented 

the most part of the time. The mechanical model for 

vibrations induced by vortex shedding is shown in Fig. 2, 

where it is presented a double clamped cable subjected to an 

air flow at a constant speed v that generates transversal 

vibrations u(z,t). 

The use of vortex shedding as an excitation mechanism 

can be validated evaluating the range of the expected wind 

speed together with the transversal geometry of the cable. 

The wind speed reported in the literature indicates that the 

most frequent speed lies in a region between zero and 14 

m/s (Seguro and Lambert 2000, Carta et al. 2009, Ge et al. 

2018). These values are important to identify the regime of 

the fluid (air for this case) over the cable. Typically, the 
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Reynolds number is used as an indicator of this regime, and 

it is defined as 

Re
v D


  (7) 

where   defines the air density (1.225 kg/m
3
) , D the 

cable diameter and   the air viscosity. In this sense, 

Reynolds numbers between 1x10
4
 and 3x10

5 
indicate the 

presence of vortex shedding, which is the case for common 

cable diameters and wind speed. Furthermore, in this range 

the Strouhal number takes a relatively constant value equal 

to 0.2 enforcing a shedding frequency   (Kumarasena et 

al. 2005) given by 

0.2v

D
   (8) 

Finally, the total lifting force (excitation force in the y-

direction) can be expressed by (Facchinetti et al. 2004, 

Carberry et al. 2001, Lipecki and Flaga 2013) 

   21
cos

2
lf t c D Lv t   (9) 

where 
l

c  corresponds to the lifting coefficient, estimated 

in similar problems around 0.3. 

 

3.2 Probabilistic wind description 
 

The previous vortex shedding model is adequate for 

constant fluid speeds. However, this assumption is non-

realistic for the case of wind-induced vibrations since the 

wind speed is usually described adopting a probabilistic 

model. The description and characterization of the wind 

speed represent an important source of information for 

different fields like meteorology, climatology and wind 

energy. In this sense, there is an important effort towards to 

generate wind models to adequately predict wind direction 

and speed. Many researchers have been proposed different 

probabilistic models to describe the wind speed behaviour, 

being the Weibull distribution one of the most common 

Probability Density Functions (PDFs) used to this purpose 

(Carta et al. 2009, Chiodo and De Falco 2016). This PDF is 

presented in the following equation 

 

 

Fig. 2 Mechanical model to study wind-induced 

vibrations in cables due to vortex sheeding phenomenon 

 

 

Fig. 3 Typical histogram associated to the wind speed 
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In Eq. (10), 
o

  and 
o

  correspond to shape 

parameters that could be related to meteorological and 

geographic location of a specific area, respectively. In this 

context, several research institutes, meteorological stations 

and researchers have been optimized Eq. (10) for specific 

regions, i.e., identification of 
o

  and 
o

  based on direct 

measurements of the wind speed during a significant period 

of time, usually yearly periods (Carta et al. 2009, Seguro 

and Lambert 2000). 
 

Additionally to the optimized PDF, it is also possible to 

find histograms of the wind speed based on measurements. 

In this case, each bin of the histogram represents the 

probability that a speed belonging to the bin occurs. Note 

that the histogram can be obtained either by manipulating 

directly the available measurements or by generating 

samplings from the PDF presented in Eq. (10). An example 

of these histograms is presented in Fig. 3 by using a 

Weibull distribution with 3.5
o

   and 2
o

  . In this 

illustration, the discretization of the wind speed corresponds 

to intervals of 0.5 m/s, generating a total of 20 bins between 

0 and 10 m/s, where the height of each bin corresponds to 

the probability to have a wind speed inside the bin. 

Once the probabilistic description of the wind speed is 

established, it is possible to incorporate the wind model as 

the excitation in Eq. (1) to estimate the dynamic response of 

the cable (the following section offers details on this 

procedure). However, another important issue has to be 

taken into consideration dealing with the identification of an 

adequate time span to integrate Eq. (1). In other words, it is 

necessary to identify the maximum duration (tint) for which 

the wind speed described in the histogram can be 

considered constant. Based on the available information 

found in (Matsumoto et al. 2003, Harper et al. 2010), it is 

decided to establish 60s as an adequate time span. 
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4. Stress cycles assessment under uncertainties 
 

In this section, the probabilistic model for the wind 

speed and the uncertainties associated to the model 

parameters are propagated to estimate the number of cycles 

at a particular axial stress. Note that model parameters here 

refer to: geometry, initial conditions, tensile stress, modal 

damping, and mechanical properties. 

First, the deterministic case is discussed in order to 

formalize the notation, which is extended later to the case 

where the uncertainties are taking into account. Note that if 

the model parameters and the wind speed are known then is 

straightforward to integrate Eq. (1) between zero seconds 

and tint to identify the displacement and rotation of each 

node (cable discretization). This result can be used in Eq. 

(6) to identify the time history of the axial stress at any 

point of the cable. Afterward, the number of cycles (Ni) that 

exceeds a specific axial stress (
i

 ) could be computed 

applying, for example, a rainflow counting method as it was 

mentioned in Section 2. In this sense, a vector  

 
1 2

T

ref
 σ  is defined containing different values of 

axial stress, while another vector  
1 2c

N NN   is 

defined containing the number of cycles that exceeds the 

respective axial stress value. Here, the vector 
c

N  depends 

on the wind speed velocity v, the time integration tint, and 

the model parameters of the cable. For the sake of 

simplicity, the vector 
c

N  from now on is denoted as the 

function  , ,
c int

v tN θ , where θ  denotes a vector containing 

the model parameters. 

Now, if θ  contains the model parameters, but these 

parameters are uncertain, it is possible to propagate these 

uncertainties by applying the total probability theorem such 

that 

     , ,c int c intE v t v t p d


   N N θ θ θ  (11) 

where  p θ  corresponds to the PDF assigned to the model 

parameters θ , and   ,
c int

E v tN  corresponds to the 

expected number of cycles that exceed 
ref
σ  for a known 

wind speed and time integration. Please note that 

 ,
c int

v tN θ  is used here instead  , ,
c int

v tN θ  to explicitly 

indicate which parameters are considered uncertain (left 

side of the vertical bar) and which are known (right side of 

the vertical bar), this notation will be used extensively in 

this work. 

Now, it is necessary to include the uncertain nature of 

the wind speed v. As it is mentioned in Section 3.2, the 

wind speed is usually described through a Weibull 

distribution, i.e., the distribution presented in Eq. (10) 

where the wind speed v belongs to a space V. Ultimately, 

this variability in wind model can be propagated in the same 

fashion as Eq. (11), leading to 

       ,c int c int
V

E t v t p p v d dv


     N N θ θ θ  (12) 

Here, Eq. (12) assumes that the model parameter vector 

and the wind speed are independent since there is not strong 

evidence in the literature to assume a correlation between 

the variables. This equation leads to the estimation of the 

expected number of cycles   
c int

E tN  that exceeds refσ  

(after propagating uncertainties related to model parameters 

and wind speed) in a period of time defined by the 

integration time tint. Please note that the number of cycles 

can be scaled to identify the number of cycles in any other 

period of time Tlife only by multiplying Eq. (12) by the ratio   

/
life int

T t . Another interesting metric could be also 

implemented, for example the probability of  ,
c int

v tN θ  be 

greater than certain threshold, as it is indicated in Eq. (13). 

This metric could be used in risk evaluation by identifying 

the threshold associated to specific probability of 

exceedance or in failure analysis by identifying the 

probability to exceed the number of cycles associated to the 

cable or wire rupture. 

  Pr ,c int threshold ov t P N θ N  (13) 

Different methods can be used to solve Eqs. (12) and 

(13), being stochastic simulation-based methods the most 

general and unconstrained approach, allowing the used of 

any given probabilistic model for  p θ , a detailed 

information on this issue is presented next. 

 

4.1 Computational details 
 
The focus of this section is to introduce an efficient 

method to solve the probabilistic integral presented in Eq. 

(12). This equation can be generalized in the following form 

     
o

o o oE g g p d


  θ θ θ  (14) 

for example, by assembling the model parameter vector and 

the wind speed in a new vector  
o

vθ θ  that follows the 

distribution      
o

p p p vθ θ . The generalized stochastic 

equation could be solved by applying a standard Monte 

Carlo simulation. However, the method usually demands 

significant computational cost since it requires multiples 

evaluation of the function  
o

g θ . To alleviate this 

computational demand it is proposed to employ the 

importance sampling technique since it requires less 

evaluations of  
o

g θ  to keep the same accuracy in the 

estimation of  E g . The base of the method is to draw a set 

of samples  , 1, ...,
i

o
i Kθ  from a proposal density  

o
q θ  

to estimate the probabilistic integral as 

 
   

 1

1
i i

K
o o

i
i o

g p
E g

K q

 
θ θ

θ
 (15) 

The proposal density  
o

q θ  should be selected in such 

a way that fully covers the region where the integrand of 

Eq. (14) is significant. Moreover, it is possible to 

demonstrate that the optimal proposal density corresponds 

to a distribution that is proportional to the integrand (Lutes 

and Sarkani 1997). Additionally, the use of the importance 
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sampling technique introduces certain degree of freedom in 

the estimation of the cable performance under different 

probabilistic scenarios without incurring in a significant 

computational cost. Note that in Eq. (14) the function 

 
o

g θ  corresponds to the estimation of the number of 

cycles at certain level of axial stress in the cable 

 ,
c int

v tN θ . The estimation of this parameter for a given 

model parameter θ  and wind speed v involved the time 

integration of Eq. (1), which requires certain computational 

cost (typical values are not reported here since the 

integration cost is problem dependent). In order to 

propagate uncertainties by applying the importance 

sampling technique, the function  ,
c int

v tN θ  should be 

evaluated in each sample drawn from  
o

q θ , increasing the 

computational cost in a factor of K. However, the versatility 

of the procedure arises from the fact that the evaluation of 

 ,
c int

v tN θ  is independent of  
o

p θ  since the samples are 

drawn from  
o

q θ . Then, a new probabilistic model for the 

cable  
o

p θ  could be evaluated by computing the Eq. (15) 

without the need to compute again the whole set of  i

o
g θ . 

This versatility will be revisited later in the implementation 

example to show the efficiency of the procedure to estimate 

the cable performance under different tensile stresses. 

An important limitation of this procedure lies in the 

selection of the proposal density  
o

q θ . This density 

should cover at least the space where the integrand of Eq. 

(14) presents its maximum, narrower distributions lead to 

results that are not representative of the integrand, while 

much wider distributions are inefficient since only few 

samples will be in the integrand relevant space. Here, it is 

important to mention that the expected variation of the 

cable model parameters θ  is not as significant as the 

variation in the wind speed v. Note that an important 

variation in the wind speed model is desirable to allow not 

only the imposition of any wind speed distribution but also 

to allow the performance estimation of the cable under a 

deterministic wind speeds. The later condition is 

particularly relevant to use the framework to support 

experimental results, which are conducted usually at 

constant wind speed (Facchinetti et al. 2004, Ge et al. 

2018). Additionally, the use of deterministic wind speeds is 

also relevant to study the cable behaviour under resonance 

condition. 

For the reasons mentioned above, it is decided to 

implement the importance sampling method only for the 

model parameters θ , such that 

 
   

 1

,1
,

i i
K

c int

c int i
i

v t p
E v t

K q

   
N θ θ

N
θ

 (16) 

and to use a histogram-weighted wind speed to propagate 

the uncertainties related to v, then Eq. (12) can be 

approximated to 

     
1

, Pr
K

c int c j int j

i

E t E v t v


     N N  (17) 

Finally by matching Eqs. (16) and (17), a general 

solution for any time span (Tlife) is obtained 

 
   

 
 

1 1

,1
Pr

i i
M K

c j int life

c ji
j i int

v t p T
E v

K tq 

  
  
   

  

 
N θ θ

N
θ

 (18) 

The above equation could be evaluated considering the 

current properties of a cable, i.e., cable properties can be 

regularly updated after a specific service time by 

implementing some parameter identification technique. In 

this way, the evaluation of Eq. (18) considers the 

degradation of the mechanical properties due to bending 

fatigue; thus 
ref
σ  and  

c
E N  values could be plotted and 

compared to any fatigue model, e.g., the traditional S-N 

(Stress-Number of cycles) fatigue curve (Kwofie 2001) for 

checking failure purposes 

1

b

s s

N

N





 
  
  

  
  

 (19) 

where   is the peak-to-peak value of the axial stress 

that induces a failure in N cycles, while 
s  is the 

maximum delta stress that guarantees infinite life (in terms 

of axial fatigue). 

 

4.2 Algorithm 
 
Before describing the procedure to identify the number 

of cycles vs. axial stress it is necessary to make some 

comments on how to define the initial conditions. The 

mechanical model of the cable requires two sets of initial 

condition, displacement and velocities. It is well-known that 

the response of any linear system can be describe as the 

linear combination of their vibration modes  , 1, ...,
k

k n . 

Then, the initial displacement could be expressed as 

1

1

n

k k

k
o n

k k

k









 





x





 (20) 

In the above expression, it is important to normalize the 

vibration modes respect to the maximum value associated to 

the displacements, such that   can be associated to the 

maximum physical displacement of the cable vibrating in n-

modes, each of them weighted with a factor 
k . On the 

other hand, the set of initial velocities could be considered 

either in the same fashion or null (i.e., the initial condition 

is assumed in a cycle of maximum deflexion), depending on 

the designer criteria. 

The algorithm to quantify the number of cycles for a 

specific axial stress levels is summarized and presented in 

the following paragraphs. Additionally, an overview is 

presented in Fig. 4. 
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Fig. 4 Algorithm for the robust estimation of the number 

of cycles per stress level 

 

 

Probabilistic models for uncertain variables (First Step 

in Fig. 4): First, it is necessary to define the model 

parameters that are considered uncertain. In this work, it is 

assumed that only the tensile force (T), the Young’s 

modulus (E), and the damping ratio for each mode (
k

 ) are 

uncertain. For the numerical integration, it is also necessary 

to define the values 
k

  and   used in Eq. (20) to define 

the initial conditions; these parameters are also considered 

as uncertain variables. In this sense, the vector θ   

containing the uncertain variables is defined as 

 
T

T E   θ , with  
1 n

    and 

 
1 n

   . Based on the available knowledge of θ  

(mean, variance, bounds of confidence), it is required to 

define a proper probability density function  p θ . On the 

other hand, the wind speed should be also defined by 

adopting a representative wind model. The most important 

data correspond to the histogram of the wind speed. Here, it 

is possible to work either with a given histogram or with a 

histogram that represents the typical Weibull distribution 

presented in Eq. (10). It should be pointed out that 

regardless the histogram is prescribed or obtained from Eq. 

(10), it should be carefully normalized, i.e., the sum of all 

normalized bin frequencies should be one. Then, the height 

of the bin directly corresponds to the probability to obtain 

the velocity associated to that bin  Pr
j

v . The histogram 

chosen has to be representative of the wind speed for long 

periods of time, typically one year. Note that as a result of 

the histogram identification, two sets of data are available: 

 , 1, ...,
j

v j M and   Pr , 1, ...,
j

v j M . Another important 

parameter to be identified is tint, that represents the credible 

time span in which the wind speed could be considered 

constant. 

Assessment of cycles per level of stress (Second Step in 

Fig. 4): The second step consists in the computation of 

 ,
i

c j int
v tN θ . In this stage, it is necessary to define the 

probability density function  q θ . The selection of  q θ  

should be made taking into consideration two aspects: (i) it 

should be much wider than  p θ  and (ii) it should be 

centred as close as possible to the maximum of the 

integrand of Eq. (14). If no information is available, it is 

possible to choose  q θ  equal to  p θ  but with a greater 

variance of its variables. After defining  q θ , it is 

necessary to draw K samples from it, identifying the set 

 , 1, ...,
i

i Kθ , to later perform K-by-M calculations to 

evaluate  ,
i

c j int
v tN θ . This step is the most expensive in 

terms of computational time. 

Post-processing (Third Step in Fig. 4): The last step 

consists in the evaluation of Eq. (18). Here, the user can 

decide either to evaluate the same probabilistic model 

 p θ  defined previously or to select a different model. 

Additionally, it is possible to select a different histogram for 

the wind speed (keeping in mind that it has to have the same 

number of bins) or a different evaluation time Tlife. All these 

parameters are independent of  ,
i

c j int
v tN θ , then the 

computational cost associated to the evaluation of a new 

scenario, i.e., different Tlife,  p θ  or different wind 

histogram does not represent an additional computational 

burden. 

 

 

5. Illustrative example 
 

To illustrate the proposed framework, a 15 mm diameter 

high-strength steel strand composed by 7 wires is 

considered for the analysis of contribution of the vortex 

shedding-induced vibrations on the bending fatigue. The 

helix angle η (rotation of the local longitudinal axis relative 

to the global longitudinal axis of the cable) of the outer 

wires is approximately 10º (Bean 2006), see for instance 

Fig. 1. The core and the outer helical wires are assumed 

linear elastic (Qi 2013) with elastic modulus E equal to 200 

GPa. The guaranteed ultimate tensile strength (GUTS) of 

the cable is equal to 250 kN (with a yield stress equal to 

1600 MPa) and the pretension force is set equal to 40% of 

GUTS (i.e., 100 kN). For modelling purpose, a 20 beam 

elements (FE) model of the cable is used considering a 
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cable length L equal to 15 m. 

The excitation force in Eq. (1) is adopted based on the 

model presented in Eq. (9). The dynamic problem is solved 

by a traditional Dormain-Prince integration algorithm. For 

this case of study, the cable is considered fixed at the ends 

(following the scheme presented in Fig. 2), place that is 

selected to compute the axial stress (maximum radius of the 

cable is used to estimate the axial stress) since it 

corresponds to the location where wire failures occur due to 

fatigue phenomenon (Chaplin 2005, Kalombo et al. 2016). 

Finally, the number of cycles (
c

N ) above certain level of 

axial stress (
ref
σ ) is accounted for a specific time window 

tint (as it was argued in Section 3.2, 0 to 60s time windows 

is chosen to perform the integration). 

The framework proposed in this study starts (see for 

instance Fig. 4) with the definition of the probabilistic 

model  p θ . The uncertain variables are grouped in vector 

θ  as it was mentioned before in Section 4.2, then the 

probabilistic model  p θ  corresponds to a multivariate 

PDF. This probabilistic model is described next along with 

the nominal characteristics of the cable (presented in Table 

1). The tensile force (T) and the elastic modulus (E) are 

considered independent Gaussian variables with mean equal 

to the nominal values, both with 10% of coefficient of 

variation. The damping ratio is considered as a lognormal 

distribution with median equal to 0.001 (similar values have 

been used before in other works (Argentini et al. 2016, 

Raeesi et al. 2014)) and 10% of coefficient of variation for 

each mode (all damping ratios are considered uncorrelated). 

The initial conditions are considered imposing Eq. (20) 

where the weights 
k

  are defined by employing a uniform 

distribution between [0,1] and where   is defined by a 

Gaussian distribution with mean equal to one third of the 

cable’s diameter and coefficient of variation equal to 10% 

(value that is in agreement with observations, see for 

instance (Raeesi et al. 2014)). It is important to note that the 

probabilistic model employed in this illustrative example is 

arbitrary. In that sense, the probabilistic model adopted here 

has the intention to illustrate the capabilities of the 

numerical procedure proposed rather than to simulate the 

performance of a cable under service condition. More 

realistic analysis, however, can be performed considering a 

probabilistic model based on the information available 

about the confidence of the variables (elastic modulus, 

tensile force, damping ratios, initial conditions) involved in 

the problem. 

The wind model is established defining a Weibull 

distribution presented in Eq. (10) with 6
o

    and 2
o

 

(both arbitrary chosen for this example, however the wind 

 

 

model could be selected based on the information available 

for a specific location, for instance the wind models 

presented in (Carta et al. 2009). The wind speed histogram 

is defined by using 13 bins (M =13 in Fig. 4) to have a 

speed discretization approximately equal to 1 m/s (value 

that have been previously used for structural health 

monitoring of suspension bridges (Comanducci et al. 

2015)), however, different discretizations are studied later 

in Section 5.2. to identify their effect on the fatigue 

prediction. 

The second step in the procedure corresponds to select 

the proposal density  q θ  to sampling from. This PDF 

should be carefully selected since it is required to be 

broader than  p θ . The broader  q θ  the greater is the 

flexibility to select a different probabilistic model  p θ  

for the uncertain variables. It is important to point out that 

the idea behind sampling from a different PDF (sampling 

from  q θ  instead of  p θ ) relies on the versatility to 

evaluate new probabilistic models (different  p θ ) without 

significantly increase the computational burden.  Note for 

instance that if  q θ  is selected equal to  p θ , Eq. (18) 

corresponds to the case of a Direct Monte Carlo method, 

i.e., Eq. (18) can be wrote as 

     
1 1

1
, Pr

M K
lifei

c c j int j

j i int

T
E v t v

K t 

  
   

  
 N N θ  (21) 

For the illustrative example presented,  q θ  is selected 

keeping the same PDF  p θ  except for the tensile force 

(T) and the elastic modulus (E) that are assumed as 

independent Gaussian variables with mean equal to the 

nominal values, but now with 100% of coefficient of 

variation for each variable. The reason to wider the 

probabilistic model only for T and E is based on the 

intention to evaluate different service condition of the cable 

studied. Other probabilistic models for the rest of the 

uncertain variables (damping ratios, initial conditions) 

could be implemented in the same fashion but for the sake 

of simplicity it is decided to evaluate only different 

scenarios for T and E. 

After defined the probabilistic models, 10000 samples 

are drawn from  q θ , whereby the function  ,
i

c j int
v tN θ  

is evaluated 10000 times for each wind speed. This process 

takes close to 600s in order to run the whole set of data, 

where the results are saved and used in the post processing 

stage (step 3 in Fig. 4).  In the post processing stage, the 

results obtained are used to evaluate the cable response 

under the interested probabilistic models  p θ  for the 

uncertain variables and  Pr v  for the wind speed. More 

details are offered in Section 5.3 where it is discussed the 

versatility of the procedure to evaluate a different  p θ  

and  Pr v  taking advantage of the previous calculation of 

 ,
i

c j int
v tN θ . Additionally, the period of time Tlife in which 

the analysis is conducted can be selected ad hoc. For the 

case presented all results corresponds to a period of one 

year. 

Table 1 Nominal characteristics of the cable 

Length 15 m 

Elastic modulus 200 Gpa 

Tensile force 100 kN 

Number of wires 7 

Diameter of the strand 15 mm 
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5.1 Effect of the uncertainties in the model 
parameters 
 

In Fig. 5 the impact of the uncertainties associated to the 

elastic modulus, tensile force, damping ratios and initial 

conditions on the number of cycles for particular values of 

stress ranges is presented.  For the case in which all 

uncertainties are accounted for simultaneously, stress range 

decreases as the number of cycles increases. For a low 

number of cycles (less than 500 thousands), a stress range 

up to 50 MPa can be experienced by the cable whereas for a 

large number of cycles (around 10 millions), the stress 

range experienced by the cable reduces to 2.5 MPa (Fig. 

5(a)). A detailed analysis reveals that solely accounting for 

the uncertainties associated to the elastic modulus, 

pretension force, and damping ratios, large number of 

cycles (up to 10 millions cycles) at stress ranges below 15 

MPa is induced to the cable (Fig. 5(b)). Conversely, for the 

case in which only the uncertainty associated to initial 

conditions is considered, the number of cycles range 

decreases  (below to 4 millions cycles) but for a wider 

stress range (up to 50 MPa) relative to the aforementioned 

case (Fig. 5(c)). Results reveal in general that not 

accounting for the initial conditions could lead to an 

underestimation of the stress range experienced by the 

cable. 

Fig. 5. Impact of uncertainties on the curve stress range 

- number of cycles: (a) all uncertainties are taken into 

account (tensile force, elastic modulus, damping ratios and 

initial conditions); (b) uncertainties only in tensile force, 

elastic modulus, and damping ratios; and (c) uncertainties 

only in the initial conditions. The dotted lines indicate a 

confidence band of 90%. 

 

5.2 Effect of the wind speed model 
 
As previously stated, the number of equally sized bins 

selected to define the wind speed histogram is 13. In this 

way, the typical discretization value for wind analysis of 1 

m/s is obtained (Carrillo et al. 2014) and, as shown in Fig. 

6, fitting results seem to be unaffected for wind speed 

histogram defined by a number of bins greater than nine. 

For smaller number of bins, besides of having greater 

values of wind speed discretization, fitting results show that 

the stress range experienced by the cable is greatly 

underestimated, specially for a number of cycles below to 3 

millions in which this underestimation reaches values close 

to 50% of the ones provided by the high fidelity model. As 

it is expected, the wind speed discretization (number of bins 

in the interested speed range) affects the estimation of the 

curve stress range - number of cycles. Note that a coarse 

discretization (low number of bins) decreases the likelihood 

to excite the cable in a resonance condition; thus an 

underestimation of the stress range is computed. Contrary, a 

refined discretization eventually guarantees the cable 

excitation in its natural frequencies because a fine 

discretization resembles the real frequency content 

produced by the wind speed over the cable.  

 

 

 

 

 

 

Results presented in Fig. 6 correspond to mean values 

taking into consideration all uncertain variables (tensile 

force, elastic modulus, damping ratios and initial 

conditions). 

 

 

 

 

 
 

(a) all uncertainties are taken into account (tensile force, 

elastic modulus, damping ratios and initial conditions) 

 
(b) uncertainties only in tensile force, elastic modulus, and 

damping ratios 

 
(c) uncertainties only in the initial conditions.  

The dotted lines indicate a confidence band of 90% 

Fig. 5 Impact of uncertainties on the curve stress range

-number of cycles 
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Fig. 6 Effect of the wind speed discretization on the 

estimation of the expected response of the cable. Mean 

values are reported 

 

 

5.3 Effectiveness of the model in the prediction of 
new scenarios 
 

The previous computation of the set  ,
i

c j int
v tN θ  with 

 , 1, ...,
i

i Kθ  and   , 1, ...,
j

v j M can be also used to 

evaluate different probabilistic models for the uncertain 

parameters and wind speed. It is of interest to present the 

versatility of the procedure to evaluate for example a 

different pretension force or a wind model with a different 

values of 
o

  and 
o

 . In that sense, another probabilistic 

model for the uncertain variables is defined as  
new

p θ , with 

the only difference that the new tensile force is defined by a 

Gaussian distribution with mean equal to 50% greater than 

the nominal value and a coefficient of variation equal to 5% 

(Fig. 7(a)). Another wind speed model  Pr
new

v is also 

defined by using 2.5
o

   and 1.5
o

   (Fig. 7(b)). Then, 

the cable response under the new scenario can be performed 

in the post processing stage by evaluating Eq. (18) but now 

using the new probabilistic models. Here, it is important to 

indicate that any new scenario runs in approximately 0.2s, 

which is 3000 times faster than the time required to evaluate 

 ,
i

c j int
v tN θ  for the whole set  , 1, ...,

i

i Kθ . 

Furthermore, under this scheme, the evaluation of new 

probabilistic scenario is independent of the model employed 

to estimate the dynamic response of the cable, i.e., a more 

complex cable model only affects the time to evaluate 

 ,
i

c j int
v tN θ  rather to affect the time to perform the post 

processing (where the probabilistic scenario of interest is 

evaluated). 

Fig. 7 shows the response of the cable under different 

tensile force and different wind model. The solid line 

represents the mean value while the area between the dotted 

lines is associated to a confidence interval of 90%. The left 

 

  

 

 
(a) Shows the expected response due to a greater tensile 

force (150kN and 5% of coefficient of variation) 

 
(b) Expected response under a different wind model 

(Weibull distribution with 2.5
o

   and 1.5
o

  ) 

Fig. 7 Estimation of the cable response under different 

scenarios. 

 

 

figure estimate the behaviour of the cable when is subjected 

to the same excitation (wind model) but with a tensile force 

50% greater than the nominal value. The result shows that 

the axial stress dramatically decreases, being the maximum 

axial stress around 4 times lower than the nominal case. On 

the other hand, the confidence interval of 90% is also 

reduced, in part as a consequence of the reduction in the 

coefficient of variation associated to the tensile force. The 

increment in the tensile force also increases the natural 

frequencies of the cable, thus the likelihood that the wind 

speed excites the lower natural frequencies is decreased. If 

the properties of the cable are now kept and the wind model 

is changed (Fig. 7(b)) occurs a different situation. In this 

case, the wind speed model only changes the probability to 

have a particular speed. In that sense, the cable has the same 

likelihood to be excited at its natural frequencies but it will 

be in resonance during different amount of time. This 

situation is evident in Fig. 7(b), where the maximum axial 

stress is the same for both wind models employed. 
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6. Conclusions 
 

An efficient framework to estimate the number of stress 

cycles of cables under wind-induced vibrations due to 

vortex shedding is presented. The procedure takes into 

account the uncertainties associated to the elastic modulus, 

tensile force, damping, initial conditions, and wind speed. 

Any given probabilistic density function is admitted to 

describe the uncertain variables. The algorithm relies on the 

use of Monte Carlo simulations to estimate the stress cycles 

and the concept of importance sampling to allow the 

computation of different probabilistic models without a 

significant computational burden. An enriched cable model 

is established allowing the adequate estimation of its 

curvature. The cable model also incorporates the effect of 

internal wires by properly accounting their inertias 

contribution and their helix angles. 

The applicability of the proposed framework is shown 

by estimating the stress range-number of cycles curves 

relative to the vortex shedding-induced vibrations on a 15 

mm diameter high-strength steel strand. In this case study 

analysis, uncertainties associated to the elastic modulus, 

tensile force, damping ratios and initial conditions are 

considered. The results indicate that not accounting for the 

initial conditions uncertainties or using a coarse wind speed 

discretization (less than 9 bins for the study case) could lead 

to an underestimation of the stress range experienced by the 

cable. On the other hand, a finer discretization (greater than 

9 bins for the study case) eventually resembles the real wind 

speed frequency content exciting the cable in its natural 

frequencies, which induces higher stress ranges developed 

by the cable. In addition, uncertainties in the elastic 

modulus, tensile force, damping ratios do not significantly 

affect the estimated stress range-number of cycles curve of 

the cable. 

A key aspect of the proposed framework is its 

computational efficiency when parametric studies, impact 

of using different probabilistic models for the uncertain 

parameters and wind speed, are carried out. This advantage 

(computational efficiency) relies on the independency of the 

evaluation of the dynamic response using the sampling 

density and the probabilistic models of interest in which the 

algorithm is based on. Furthermore, the algorithm can be 

implemented in a sequential fashion such that, along with a 

frequent parameter identification (cable ś properties), 

bending fatigue progression can be evaluated by a direct 

comparison with a S-N curve. 
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