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Abstract- Access to telecommunication and broadcasting services is the main purpose of using telecommunication masts,
especially in difficult times such as after a sewere earthquake. By taking into consideration this important role that
telecommunication infrastructure play as critical links of communication, especially in post-disaster situations, one can easily
see the value of their preservation and even necessity in the earthquake prone regions of the world. The recent development
in telecommunications industries hawe led to an extensive use of tall guyed towers. The dynamic analysis of this structure
under seismic loading is a much understudied field that requires investigation. The complex nature of their analysis arises
from the nonlinear force deflection relationship of the cable supports. Masts are usually designed by equivalent static
methods for wind and earthquake loading. One of the parameters significant to the dynamic response of the structure is the
guy pre-load value. 10 % of the ultimate stress pretension is applied in all cable for study purpose as it is recommended in
many researches and standards. In current study analysis of guyed mast has been carried out by using widely used software
SAP2000. For study purpose guyed mast of different height having different mast supporting cable radius has been
considered and to inwestigate the behavior of mast, the obtained results are compared in form of time period, base shear,
displacement, cable forces and mast forces. The research aims is to gain an understanding into the distribution and
magnitudes of forces dewveloped during typical wind and seismic load.
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l. Introduction

Access to telecommunication and broadcasting services is the main purpose of using telecommunication masts, especially in
difficult times such as after a severe earthquake. By taking into consideration this important role that telecommunication
infrastructure play as critical links of communication, especially in post-disaster situations, one can easily see the value of their
preservation and even necessity in the earthquake prone regions of the world. The recent development in telecommunications
industries have led to an extensive use of tall guyed towers.

Guyed masts are specialized structured that are most often used to support telecommunications equipment for broadcasting.
Although similar to other freestanding towers, their behavior is very different. The presence of pre-stressed cables supporting a
number of spans of the structure allows the lattice frame of a guyed mast to be significantly smaller in both geometry and member
size. The reduction in overall weight of the frame makes the guyed mast a popular design option for towers of considerable height.
The material cost saving typically becomes important when comparing freestanding versus guyed tower options in the 100m to
150m range. Above this range the material cost saving far outweighs the added design and manufacturing complexities, and a guyed
mast is usually preferable.

This work is based on the analysis of the tower and main objective of the work to analyze the tower under wind and seismic
force and compare result in form of time period, frequency, cable force. Here in this study, material used for the tower is steel.
Parametric comparison carried out for different height of 70m, 90m, 110m, 130m, 150m and for the different cable distance from
the base of the tower is 20m, 40m, 60m.

1. Need Of Study

A failure of tower will itself cause a considerable economic loss as well as possible loss of lives. So extreme care should be
given to the design of these structures especially guyed mast towers which show nonlinear response because of guy assembles.
Guyed towers are characterized by their light weight, flexibility and often large size. All these characteristics make them very
sensitive to time dependent loading such as wind and earthquake loadings. In emergency situations like especially after a severe
earthquake, the access to telecommunication and broadcast services is one of the main advantages of using telecommunication
masts.

There are several reasons for the complexity of guyed masts. Some of them are due to the static system of a mast shaft as a
column subjected to bending moments and elastically supported by non-linear guys, which stiffness besides the actions on the mast
are dependent of the loading directly on the guys themselves. Guyed tower experience a non-linear behavior even under working
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conditions. This non-linearity’s result from the changes in support stiffness with the change in the guy tension due to applied loads
or even original design pre-tensions. The nonlinear force deformation relationship of the structure, and the large displacements
experienced even under normal design loads makes them more vulnerable. The slenderness of the mast (beam- column effects),
together with the sag of the cable means that the structure exhibits significant nonlinear characteristics even under working
conditions.

Guyed masts are subjected to a wide range of dynamic loadings that typically arise from wind, earthquakes, sudden rupture of
guys, galloping of guys, sudden shedding of ice from guys, etc. Since 1959, here have been approximately 100 documented
collapses of towers (both guyed and freestanding) in the United States alone. This is a clear indicator that the behavior of this family
of structures is not fully understood and needs to be investigated further. Fig.1 shows failure of guyed tower under lateral load.

In freestanding towers the dynamic behavior is characterized by the first few fundamental Natural frequencies, which allows
fora more simplified approach to the assessment of Dynamic loading. Guyed masts however, exhibit high modal participation ac ross
many Modes, and determining the important modes can be extremely complicated.

Fig. 1 Failure of guyed tower

111. Behavior Of Guyed Mast Tower

For most applications, fully modeling the behavior of cables is a fairly complex task. The self-weight and the lack of flexural
rigidity of the cable dictate that a cable is never straight except in a vertical position. Additionally, dynamic excitation of cable
modes can cause highly nonlinear response. A considerable amount of research has gone into the development of simplified cable
models that still maintain adequate accuracy for dynamic analyses. There have not been many studies of cable models that examine
the slack to taut transition and its effect on the behavior of structures. While most analyses with guyed structures use a tension-only
formulation of the guy element, the specific consequences of this modeling decision are rarely examined.SAP 2000 has a facility to
model a cable nonlinear element.

There are two phase of behavior in use of cable structure. The first phase includes the deployment and initial pre tensioning of
cables and is characterized by being highly nonlinear. The second phase is the so called in-service phase during which various static
and dynamic loads are superposed on the pre tensioned configuration. The response in this second phase can be either linear or non
linear depending on the relative magnitudes of the pre tensioning and service loads. These two phases of load application are
presented in Figure

o ‘_/\;\/\ \ '( \‘n. /‘\__,-\_/ N~
VARV,

S

Fig. 2 Temporal load application
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1V. Problem Defination

Height of tower is very essential parameter for the design and analysis of tower. Behavior of guyed mast tower is very
complex which depends on mast configuration, cable stays number and its position along with base cable radius. Guyed Mast of
different varying height 70m, 90m, 110m, 130m, 150m is considered. Base cable radius also plays vital role in behavior of guy ed
mast so, to consider its effect different model of guyed mast has been prepared with different base radius20m, 40m and 60m of
tower fromthe base tower.

The steel mast is square in plan of size 70 cm x 70 cm for the full height from ground level and was built-up using four steel
angles of size ISA60 x60 x6 mm as verticals. Steel angles of size ISA50 x50x 6 mm constitutes the inclined bracing at 70cm
spacing on all faces. The mast is supported by guys at level 20 m interval levels from ground. Mast is supported by guys from four
directions. Support of guys is considered as fixed while of mast is considered as pinned.

V. MODELING OF GUYED MAST TOWER

Tower mast is prepared as a three dimensional space truss with the rectangular shape for different height where individual
members of the mast are modeled as straight members connected at joints producing only axial forces in the members. Modeling
of guyed tower is carried out using SAP 2000 as shown in fig 3. It is basically a discretization technique, where continues system
is divided into a finite number of discrete elements.The cables were modelled by existing cable element in Sap 2000.The program
models the cable as a catenary to represent the behaviour of a cable subjected to its own weight. Its behaviour is nonlinear and
takes into account the P-A effects as large displacements and large deformation are accounted for. A cable without tension is not
stable and has not an unique position, so all cables should be loaded. The Canadian standard CSA S37-01 requires that values of
the initial tension in the cables should be between 8% and 15% of the final cable capacity. So, for current study 10% of cable
capacity Pretension is considered for all models.

Frame element has been considered for the modelling of main member and bracing of guyed tower. ISA 60X60X6 and ISA
50X50X6 section is consider for the main member and bracing member respectively. For current study purpose the computer
program Sap 2000 has a special feature to model the cable as a cable element so, for current study purpose same has been used.
The material properties of cable is mentioned in Table -1

Table 1- cable material properties
Property of material Value
Cable diameter 8 mm
Modulus of elasticity (E) 1.965 x 10°
Poisson ratio 0.3
Co-efficient of thermal expansion (A) | 1.170 x 10°
Yield stress (Fy) 1600 N/mm’

Fig. 3 Model of guyed mast tower

V1. Analysis of tower using sap.

In order to simu late typical load conditions, three loads were taken into account: weight (gravitational load), pre-stress on the
cables and dynamic and static loads in form of Seismic and Wind load. Static Wind and earthquake load are calculated as per Indian
Standards. The pretension is applied at the beginning and holds during the whole calculus.

Each of the towers was subdivided to panels according to geometries of towers and wind load under static equivalent analysis
approach were separately calculated for each panel. The calculated wind loads for each panel were assigned as nodal loads for
respective tower models. While the SAP2000 automatically calculate the seismic load as per Indian standards considering Zone V.
After applying loads analysis of guyed mast is carried out using widely used software SAP2000, Results obtained are compared in
form of Time period, frequency, Supports base reaction and Maximum joint displacement of each tower for the Seismic and wind
load.
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VII. Result

Natural vibration frequency analysis:

Frequency analysis for different height tower system has been carried out with the change cable distance fromthe base of the
tower. The results obtained in form of frequency for 20m, 40m and 60m cable base radius are shown in Figure 4,5,6 Fromthe results

it concludes that the frequency reduces with increase in mast height while increase with increase in base cable radius.
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Fig. 4 Frequency analysis for radius of cable is 20M  Fig. 5 Frequency analysis for radius of cable is 40M

Time period analysis:
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Fig. 6 Frequency analysis for radius of cable is 60

Time period obtained from modal analysis are compared for different mast height and base cable radius. Comparison is carried
out for the first three mode of mast. As the height is increase the value of time period is increase which is due to reduction in

stiffness. As the radius of the cable location is increase the value of time period is decrease.
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Fig. 7 Time period analysis for radius of cable is 20M Fig. 8 Time period analysis for radius of cable is 40M
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Fig. 9 Time period analysis for radius of cable is 60M

Displacement obtained from seismic analysis for the different cable base radius are shown in Figure 10 . While Displacement
obtained from Wind analysis for the different cable base radius are shown in Figure 11. Connection of the cable at the mast is 20m
regular interval for the different height of tower. Results indicates that the displacement increase with the height of mast and reduce

with the increase in base cable reduce.
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Fig. 10 Displacement for different mast due to Fig. 11 Dis placement for different mast due to
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Base Shear Analysis:

Analysis of the base shear is calculated under the different loading condition. Base shear is calculated for the 70m, 90m,
110m, 130m, and 150m height of the tower with varying the radius of cable location from the base of tower. It is observe that height
of tower decreases the value of base shear. While in increase of radius of cable location from the base of tower, increase the value of
base shear. Wind load generates more base shear than the seismic load.
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5§ 0
R=20M R=40M R=60M
m70M 14.861 21.182 23.226
mo0M 12.634 18.967 22.286
m110M 11.932 19.449 24.578
130M 10.681 17.583 22.81
H150M 10.296 23.234 17.384
Fig. 11 Base shear due toearthquake load
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Fig. 12 Base shear due to windload
Cable tension:
Cable tension obtains for various loading condition such as seismic load and wind load. Location of cable for various height of
mast is 20m regular interval and top 10m part of mast is cantilever. Notation of cable is A, B etc. from base of mast. Tension in cable
is increase with increase the height of cable location frombase of mast.
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WH130R20|13.08|11.63(11.68(12.69|14.33|15.84(17.00 MH150R40|14.8|14.4|14.3|14.7|15.8|17.4|19.3
Fig. 13 Cable tension for R=20m (EQ) Fig. 14 Cable tension for R=40m (EQ)
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Fig. 15 Cable tension for R=60m (EQ)
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Fig. 16 Cable tension for R=20m (WL) Fig. 17 Cable tension for R=40m (WL)
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Fig. 18 Cable tension for R=60m (WL)
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Conclusion and Discussion

Guyed mast tower is made for the different height. In this work comparative study s presented addressing the influence of the
tower using various engineering parameters which is as follows:

e It seems that time period is influenced by height of the tower. Value of time period is increase with increase the height of
tower.

e Value of time period is decrease with increase the cable radius fromthe base of tower for all category of tower.

e Value of base shear is increase with decrease the value of time period in case of seismic load.

¢ Fundamental frequency is decreases with increase in tower height. Frequency is also increase with increase in cable
radius.

e Deflection is increase with increase the height of tower. But at the cable location deflection is decrease.

e Value of base shear increase with increase with the cable radius from base of mast and reduce with increase in height of
mast is increase.

e Tension in cable is increase with increase the radius of cable location frombase of mast. Tension value in cable is also
increase the cable location height of mast.
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