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1- Introduction

Today, for telecommunication purposes, prestressed
guyed towers have become more common than other self-
supporting towers. The use of prestressed cables in
engineering structures has gained significant popularity.
Some examples are industrial unit chimneys, transmission
towers, wind turbines, and building retrofits. Guyed masts
are telecommunication towers equipped with guy wires,
which are tensioned cables used to stabilize the tower. The
guyed mast is acknowledged as a slender structure with
highly non-linear geometrical behavior.

An early study used a simple method of analyzing
guyed masts. The cable angle was assumed constant at 45
degrees in the work of Bell et al., and optimization
variables were cable diameter, cable prestressing force,
and vertical and diagonal member cross-sections. Other
studies in the field of guyed masts investigated the
dynamic behavior of guyed masts with prestressed cables
under lateral forces, the effects of prestressed values, and
proposed relationships to estimate the frequency values of
structures.

In the research of Saudi et al., the natural frequencies
were identified by measuring the ambient response of a
full-scale guyed mast. Subsequently, a detailed 3D finite
element model was created to replicate the measured
dynamic characteristics. Structural parameters were
adjusted to generate the global modes that corresponded to
the peaks identified in the spectral analysis. According to
the research results, as the weight of the antenna increases,
the frequency values of the guyed masts decrease. In 2003,
a case study of a full-scale model was conducted using
analytical and experimental methods at a height of 50
meters. The study aimed to record the forces generated by
wind on the guyed mast structure.

In a similar study, Luzardo et al. examined the effects
of the initial tension of guys in a range of 5%-20% of the
breaking load, and changes in the fundamental period of
the mast and the values of the displacement of the guyed,

the axial forces. According to the results of the research,
increments of the prestressing force of the cables caused
an increase in the natural frequency of the structure.

The main objective of the current study was to obtain a
design that would maximize the frequency of the Guyed
masts. Meta-heuristic algorithms are applied in
optimization problems in a variety of fields, including
engineering, economics, and computer science. In this
paper, three population-based meta-heuristic algorithms
are employed for frequency optimization of Guyed masts.
These algorithms consist of the Genetic Algorithm (GA),
Firefly Algorithm (FA), and Particle Swarm Optimization
Algorithm (PSO) aimed to maximize the natural
frequencies of Guyed masts while satisfying their
constraints. The study on optimizing the position of the
cable anchorages along the pole of a guyed tower using
algorithms demonstrates that the optimal values for these
angles are approximately 35 degrees without pretension
forces in the guys. Additionally, the optimum cable angle
is 75 degrees when subjected to prestressed guy cables.
Keywords: Guyed mast, Genetic algorithm, Firefly
Algorithm, Particle Swarm Algorithm, Optimization

2-Problem Statement

The methodology of the present work aimed to maximize
the frequency of the Guyed masts by utilizing a combined
approach of a relaxed penalized objective function
formulation and structural analysis of Guyed masts.

In this study, the cable angle with the horizon and the
position of the prestressed cable anchorages along the pole
of a guyed tower are defined as design variables. The use
of optimization algorithms with tens of design parameters
involves analyzing the mast structure and calculating the
objective function numerous times.

3- Numerical Examples and Discussion
Example 1
Comparing the vibrational frequency responses of the
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system assuming the rigidity of the mast structure and also
considering that the cable behavior is modeled with an
ideal spring and sufficient pre-tension. According to
Figure 1, the schematic model of the guyed mast with
prestressed cables is considered as one-degree-of-freedom
system. Each prestressed cable consists of two variables:
angle and vertical connection position of the cable at the
height of mast.
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Figure 1. Scheme of the guyed mast with prestressed cables

Example 1 has been solved under two conditions: the
cable is modeled by two-ideal-spring and ideal spring by
removing the compressive cable. It can be seen from the
results found out by meta-heuristic algorithms and analysis
solutions that the optimum angle is 35 degree. This paper,
considering the influence of pre-tension force of cables,
took the lateral stiffness of the spring from reference
number 22. Under the guy cables with pre-tension force,
the optimal angle for cable arrangement is 75 degrees.

Example 2

In this example, a guyed mast with 36.5 m height was
considered. The frequency of the structure and the
optimum angle of cables could be determined by varying
the number of prestressed cables, which ranged from 2 to
12 at the height of the guyed structure,.

Example 3

In this section, the variation in the guyed mast frequency
in relation to the guyed height variation from 60 m up to
400 m was investigated. The number of cables was
determined by dividing the height of the mast by 15 m.
Prestressed force of cables was about 10% of the breaking
strength of the cable, and the diameter of the clusters of
guys was also 30 mm. The weight of the antenna at top of
the guyed mast was 100 kg, and unit weight of the guyed
structure was 25 kg per unit length. In this part, the optimal
cable angle was 75 degrees.

Example 4
Investigating the variation in the unit mass of guyed masts
and the weight of antennas on top of the mast is crucial for

optimizing the design and ensuring structural stability. The
present study indicated that as the initial unit mass of the
guyed mast increases, the fundamental frequency of the
structure decreases. This implies that heavier weights or
masses attached to the mast result in lower natural
frequencies in concern to the dynamic properties of the
guyed mast. The observation suggests that increasing the
concentrated mass of the antenna does not significantly
affect the frequency characteristics of the structure.

Example 5

The guyed mast frequency changes in Example 1 can be
examined by analyzing variations in the pre-tension force
of cables and considering two modes: when the cables are
loaded (weight of the cable) and unloaded (lack of weight).
The frequency of the structure increases when the pre-
tension force is increased and the weight of the cables is
considered. The range of prestressing forces can vary
significantly, typically falling between 1% to 95% of the
breaking load of the cable.

4- Conclusions
In this study, the optimization of the cable angle on a
guyed mast was investigated using three different
optimization techniques: GA, FA, and PSO.
The results are summarized as follows:
1. The recommended optimal angle for the cables is 75
degrees in relation to the horizon.

2. Increase in the number of cables in the guyed mast
leads to a higher level of structural stiffness, resulting
in a rise in the vibrational frequency values.

3. The optimal values for cables angle are
approximately 35 degrees without pretension forces
in the guys. Additionally, the optimum cable angle
is 75 degrees when subjected to prestressed guy
cables.

4. The most cost-effective method to enhance the natural
frequency of the guyed mast structure is reducing the
unit weight of the guyed.

5. With an increase in the prestressed cable force values,
the process of increasing the frequency of the cable
mast is significant. Raising the prestressed cable
force by four times results in approximately a
doubling of the frequency of the guyed mast
structure.




QPN V) NFF PV s 335 Oy porlig

7 i N

w99 9 () 08 (wikigo

%’,}HZ; https://civil-ferdowsi.um.ac.ir/ o e

ol Ot b,

TG B Sl 19N 3 ookl b (Solge SBUSS 33 B B dug Cudgn yus
s
Dot3l Joral L, sl W s Slel JLdse
DOI: 10.22067/jfcei.2024.75849.1131

$2p08 f55 S ol Laojler il sl T bk Aol Erl oo Sl yS osliza 45 dizes 2V 5 il (sloojle alaz il ol Hlge (sla [0 Oh&b?
bl (Sl fole 1A e oil55 4 o] Bl gy i g Sl ockil g U S b S M) S i 3 il o 4y 45 i
ol oo Aol Gs il o ol pnlige 43 e Slosdse ol Jlge sla fSD ek S5 Silesig 5 02p Lol Salis b, o S
Sloojsm o5 5 Siltig floo Sl ol 03 SIS (Slop ) 58T ol s e Slais] pdlS 5 i8] shite 4 b 4 ol (s
oxlizal (solgo sla 53 il 5 (Silutig S S SNS iy oS e Sl sy ] 03 5 andls 30008 (6 el pale 5 Slal o pukige fold Cilinio
03 i o o T e ] oS5 38 (Slely 3 s U S 03 3 ol 5 bt 0 S iy 55 ol L oS 8 e
02 Sy S Bl s Lol it 55 (lge sla IS (SULos dige olin 4 b DL Loy, oS oy (S)lgo (slo LIS (SULj tioge b ciindiont

g o B o 4,3 VO &JK@}O;@W S LS L izean il o a0 TO 5 gl
(Sltingr 3 pla 3l S bt S oS3 o S (Sl IS Sl slaoilg

Determination of Optimal Position of Cables in Guyed Masts by Using Meta-Heuristic Algorithms
Houshyar Eimani Kalehsar Amirreza Esmaeile Aghdam

Abstract Guyed masts are slender, tall structures widely used to support various types of antennas in the field of
telecommunications. These structures consist of a tall vertical mast laterally supported at several levels along its height
by sets of inclined pre-tensioned cables. It is well known that natural frequencies are fundamental parameters that
affect the dynamic behavior of structures. Optimizing natural frequencies of Guyed masts is an important issue in
structural engineering. The main objective of this study presented in this paper is to obtain a design that will maximize
the frequency of the Guyed masts. Meta-heuristic algorithms are applied in optimization problems in a variety of fields,
including engineering, economics, and computer science. In this paper, three population-based meta-heuristic
algorithms are employed for frequency optimization of Guyed masts. These algorithms consist of the Genetic Algorithm
(GA), Firefly Algorithm (FA) and Particle Swarm Optimization Algorithm (PSO) aims to maximize the natural
frequencies of Guyed masts while satisfying their constraints. The study on optimizing the position of the cable
anchorages along the pole of a guyed tower using algorithms demonstrates that the optimal values for these angles are
approximately 35 degrees without pretension forces in the guys. Additionally, the optimum cable angle is 75 degrees
when subjected to prestressed guy cables.

Key words Guyed mast, Genetic algorithm, Firefly Algorithm, Particle Swarm Algorithm, Optimization.
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