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ABSTRACT 

Self-supporting towers are widely used worldwide for telecommunication purposes, transfer of information and 

television. Towers used for emergency response system required elevated antennas to effectively transmit and receive 

radio signals. When the tower is higher the more it will be exposed to lateral loads, and the higher tendency to sway. 

Failure of this tower will cause damages and interrupt important communication. This paper is aimed at determining 

the effect of wind and earthquake on the self-supporting tower and also to find the most appropriate arrangement, cost-

effective and sway reducing bracing system of four-legged self-supporting towers at elevated height. Tower models of 

height 30 m, 40 m, 50 m with angle section and different types of bracing system (K, XB, and XX) are subjected to both 

wind (using basic wind speed of 35 m/s and 50 m/s) and seismic loads (using seismic zone IV and V). The simulation 

is carried out using finite element modelling software SAP2000. Joint displacements at the top of the tower, stress at 

bottom leg members are assessed. It was observed that the joint displacements were nearly increased by 65% and 59% 

when the tower height changes from 30 m to 40 m and from 40 m to 50 m respectively. Moreover, the stresses at bottom 

legs changed by 43% and 39% when the height changes from 30 m to 40 m and  40 m to 50 m respectively. And when 

the wind speed changed from 35 m/s to 50 m/s with no change in the direction of wind, the joint displacement and 

stresses also increased by 46% and by 48% respectively, and the results from the response spectrum analysis indicates 

an increment of displacement by 22% from zone III to zone V for the 30 m tower model, 36% for 40 m and 45% for 50 

m tower model. It has been concluded that the tower model with K-bracing system has the least joint displacement, 

least stresses at bottom leg members, least total weight and maximum natural frequency due to the wind and seismic 

loads as compared to XB and XX-bracing systems and considered as the optimal bracing system.       
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1. INTRODUCTION 

Telecommunication towers are tall structures 

generally designed for supporting parabolic 

antennas which are normally used for sending 

radio signs, also used for microwave transmission 

for communication, and for television signals to 

remote places (Ravishankar et al., 2018). Lattice 

towers act as vertical trusses and resist wind load 

by cantilever action. One of the most common 

arrangements is cross bracing. The most 

significant dimension of a tower is its height, 
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which is normally several times larger than the 

horizontal dimensions. The area which is occupied 

at the ground level is considerably limited and so, 

slender structures are commonly used. The tapered 

part of the tower is advantageous with regard to the 

bracing, as it reduces the design forces. The greater 

the height of the tower, the greater will be the 

distance it can transmit radio signals (Jesumi and 

Rajendran, 2013). The higher the structure, the 

more it is exposed to lateral loads such as wind 

load, since it has a higher tendency to sway. If the 

bracing is weak, the compression member would 

buckle which leads to failure of the tower. 

Diagonal braces are efficient elements for 

developing stiffness and resistance to wind loads 

(Jesumi, and Rajendran, 2013). The major cause of 

failures of telecommunication tower throughout 

the world though still remains to be high-intensity 

winds (HIW) and the major problem faced is the 

difficulty in estimating wind loads as they are 

based on a probabilistic approach (Amiri and 

Boostan, 2002). But wind is the dominating factor 

in tower modelling than seismic forces but the 

seismic effect cannot be neglected (Ravishankar et 

al., 2018). 

Ravishankar et al., (2018) carried out a research on 

the analysis of four legged steel 

telecommunication tower-equivalent static 

approach, and the result obtained showed that the 

displacements increased significantly with an 

increase in wind speed 33 m/s to 55 m/s in both 

along wind and cross wind. However, in wind 

analysis Model 3 (M3) with XB-XX bracing has 

the highest displacement whereas Model 1 (M1) 

with B-XX bracing has the least displacement in 

both along wind and wind condition. 

Majeed and Hraba (2017) carried out a study on 

the telecommunication cell tower most common 

alternatives overview, and their findings indicated 

that the alternative based on the mast guyed tower 

has a good valuation in case of the high tower for 

more than 50 m height to be more suitable and 

economical. On the other hand, the triangular 

based tower with CHS section would be used and 

K-bracing system because it has the most efficient 

sway resistance. 

Pathrikar and Kalurkar (2017) carried out a 

research on analysis of telecommunication tower 

with different bracing system, based on the 

analysis outcomes, it shows that, for a tower height 

of 9 m resting on the building, X-bracing is 

economical in the form of deflection at the top of 

the tower and K-bracing is economical in the form 

of deflection at the top of the tower for a height of 

18 m tower, however, they concluded that, if the 

height increases, then X-bracing proves to be 

uneconomical and K-bracing proves to be 

economical. 

Pandey et al., (2013) carried out a study on the 

influence of telecommunication tower on response 

of the host structure and the result obtained showed 

that the stresses in the member of the host structure 

increased by 35% considering the effect of the 

tower on the roof of the host structure and they 

concluded that, the tower in position 2 is the most 

feasible as the stress in the building is less as 
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compared with the other position of tower and this 

may be mainly because of the tower in position 2 

is on the rigid side of building. 

The bracing system considered in this study is the 

K, XB and XX bracing system as shown in Figure 

1.  

The aim of this paper is to assess the overall 

structural response of tower with different bracing 

system at different height and to select the optimal 

bracing system used alongside the optimized 

section (angle section).  

 

Figure 1: Different bracing configuration 

2. MATERIAL AND METHOD 

2.1 Material Properties 

Young’s Modulus of Elasticity, E = 210 Gpa 

Tensile Strength = 450 Mpa 

Density of steel = 76973 kg/m3 

 

2.2 Description of Tower Model Used 

Modelling of 3D frame telecommunication tower 

structure is done using the SAP2000 software for 

three different types of bracings and tower heights 

of 30 m, 40 m and 50 m. The model descriptions 

are given in table 1. 

Table 1: Details of Different Towers for Modelling 

Optimized Section Used                                                         Angle    Angle     Angle 

Height of Tower (m)                                                                  30          40           50 

Height of Sland Portion (m)                                                      20           28           36 

Height of Straight Portion at Top of Tower (m)                       10            12          14 

Base Width (m)                                                                          5              5            5 

No. of 4m Panel                                                                         5              7            9 

No. of 2m Panel                                                                         5              6            7  

 

Table 2 presents different steel sections used for 

the purpose of optimization, and the optimized 

section suitable for all types of bracing system was 

found to be the angle section (Yau, 2016). 
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Table 2: Different Section Used for Optimization 

Sections                                                                      Bracing System 

                                                                          K                 XB               XX 

Hollow 

Circular  

Angle 

Square 

Optimized Section                                         Angle           Angle           Angle 

 

2.3 Method 

SAP2000 Software was used to model, analyze, 

design and display the structure geometry, 

properties and analysis results. The analysis 

procedure is divided into three parts; pre-

processing, solving and post-processing. Pre-

processing involves chosen of units, setting up the 

geometry of structure by creating new model, 

defining of materials and section properties, 

defining load cases, assigning of loads to joints and 

members and assigning joint restraint to the base 

supports. The second part involves the assembling 

and solving the global matrix by SAP2000, the 

third part involves displaying of deformed shape of 

tower, displaying the member forces, printing the 

results, designing the structural members and 

finally checking the safety of the design. 

2.4 Wind load calculation  

The wind load on the tower by static method using 

ASCE 7-02. The basic wind speed (𝑉𝑏) is modified 

to include the effects of risk level k1, terrain 

roughness, height and size of structure, k2 and local 

topography, k3, to obtain the design wind speed 

(𝑉𝑑)  as well as the design pressure (𝑃𝑑) as shown 

in equation 1 and 2. 

𝑉𝑑 = 𝑉𝑏𝑘1𝑘2𝑘3                      …                  (1) 

   𝑃𝑑 = 0.6𝑉𝑑                            …                   (2)       

3. REULTS AND DISCUSSION 

The results of the static and dynamic response of 

the tower models were presented in terms of 

displacement and maximum stresses acting on the 

towers. Figure 2 and 3 showed the results of 

displacement at the top of tower due to wind and 

seismic load respectively, it has been observed 

that, the displacement increased as the height of the 

tower increased this may be due to the increase in 

height. On the other hand, the displacement 

increased as the wind velocity increased this is 

attributed due to high intensity of wind.  

It was also observed that a tower with XB bracing 

system has the highest displacement when 

compared with other towers with different bracing 

system in both zones. 
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Figure 2: Maximum Displacement at Top of Tower due to wind load 

While the displacement due to seismic load 

increased as the height of the tower increased as 

the zone changed from zone 4 to zone 5 and a 

tower with XB-bracing system has highest 

displacement as 20.8 m/s. Finally, the maximum 

displacement was found due the wind load this 

conformed to (Ravishankar et al., 2018). 

 

Figure 3: Maximum Displacement at Top of Tower due to seismic load 

The tensile stress and compressive stress are 

presented in Figure 4 and 5 respectively, it can be 

seen that the tensile stress due to wind load 

increased as the height of the tower increased this 

may be due to the high displacement. The tensile 

stress also increased as the zone increased i.e. from 

zone 2 to zone 5, this was due to the increase in the 

intensity of the wind. While the compressive stress 

also increased as the height of the tower increased. 

The highest tensile stress and compressive stress 

were found to be 101.6 N/mm2 and 64.9 N/mm2 for 

the towers with XX-bracing and XB-bracing 

system respectively. 
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Figure 4: Maximum Tensile Stress (N/mm2) Due to Wind Load 

 

 

Figure 5: Maximum Compressive Stress (N/mm2) Due to Wind Load 

While the compressive stress due seismic load also 

increased due to the increase in the height of tower 

and the highest compressive stress was found to be 

23.7 N/mm2. And it can be seen that the tower with 

XB-bracing system in zone 5 has the highest 

compressive stress but less than 64.9 N/mm2 

obtained due to wind load in Figure 5. So, this 

proves that wind is the dominating factor in tower 

modelling than seismic forces but the seismic 

effect cannot be neglected (Ravishankar et al., 

2018). The change in stress when height increases 
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from 30 m to 40 m is about 43% and from 40 m to 

50 m is 39% on both cases of wind speeds. 

 

 

 

Figure 6: Maximum Compressive Stress (N/mm2) Due to Seismic Load 

From the result of structural optimization which is 

aimed at obtaining tower with the least possible 

weight, towers with K-bracing system are 

considered to be optimum, having the least weight 

as compare to towers with other bracing system, 

the result is as shown in Figure 7.     
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Figure 7: Weight of the tower model in kN after the optimum design. 

 

4. CONCLUSIONS 

It was concluded that as the height of tower 

increases, the displacement also increases due to 

the wind and seismic load. On the other hand, as 

the intensity of wind velocity increases the 

displacement also increases. However, the angle 

section was the optimized section suitable for all 

the bracing system. The most appropriate and 

suitable bracing system for telecommunication 

tower is the K-bracing system having the least 

weight, least displacement at the top of tower and 

least stress on the tower legs, and therefore 

considered as the optimal bracing system with 

reduced sway as the tower height increases. 
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