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Abstract— The purpose of the proposed research is to study the structural behavior of monopole towers with and without 
camouflaged with 35m height of tower with basic wind speed of 44.44m/s, as per latest current code ANSI/TIA 222-H. 
Most studies and research have shown only structural behavior of monopole towers with other type of lattice towers. 
Proposed research is very important because the structural engineer faces the challenging job of designing and 
constructing telecommunication towers to support all loads in open weather with high degree of reliability. Free standing 
lattice towers are generally used in all over the world. As per the recent surveys, mobile towers in the world are likely to 
grow very fast due to the introduction of 5G technology which requires more antennas on the towers, with existing 
monopole towers already occupied with lot of antennas with no structural capacity to withstand extra load on towers. 
New camouflaged designs in monopole are going to study in this research to improve monopole structural capacity and 
structural behavior to withstand new loads. Environmental and economic pressures have initiated to seek improved design 
approaches to make communication towers more environmentally acceptable and cost effective. Since monopole 
structures have smaller dimension and require lesser space for installation, they can be used as a suitable alternate for 
lattice towers. Some researchers observed in their study that monopole towers have higher lateral displacements and 
lesser monopole structural capacity than self-supporting towers. In this proposed research a new camouflaged technical 
design is developed to study the structural behavior of monopole towers. This research shall be helpful for determining 
lateral displacement of monopole, monopole capacity and effect of wind speeds for 35m height of monopole towers with 
and without camouflaged under the influence of wind load. 
 
Keywords Staad Pro V8i, Ts Tower, monopole tower, antenna loads, basic wind speed, lateral displacement, monopole 
capacity, camouflaged cladding 
 
I.   INTRODUCTION 
With the sudden and exponential growth in cell phone use, the telecommunication industry and telecommunication towers 
have received a lot of publicity in recent years. Nowadays, everybody has a cell phone, and the need for 
telecommunication services has risen. Telecommunication towers are the only way to increase network reach and 
reliability. The towers that protect the panel antennas, telecommunication devices, platforms, and their foundations are 
analyzed and designed by civil engineers. Many of the devices, such as mounts, antennas, and other components, are 
installed on the tower, which necessitates civil engineering experience. Applied loads such as wind load, dead load, and 
construction strength of structural steel members on superstructure, including ties and base, are used in tower structural 
estimates. Telecommunication towers are divided into various categories depending on their structural action, cross-
section, section types utilized, and tower placement. Based on their structural action, they are known as Monopole, Self-
Support, or Guyed Towers. Monopoles are the most cost-effective for heights under 55 meters and are a feasible 
alternative for room constraints. As a result, monopole towers are in high demand in the telecommunications industry. 
Most previous study has focused on structural activity of 3-legged and 4-legged lattice towers, guyed towers, and 
researchers have not given Monopole towers enough time. Owing to the current difficulties in locating land for the 
construction of traditional lattice towers, monopole towers are gaining prominence for connectivity purposes around the 
globe, and its study is critical in the current scenario.  
Monopole towers will accommodate both antennas at heights of 30 to 50 meters, extending the structure's reach. 
Monopole towers are versatile among structures due to their multipurpose use in contact, lighting, and other fields. 
Structure research can help a structure work better and last longer. A thorough examination of a monopole using modern 
technologies will result in an improvement in its structural capability. 
 

II.   LITERATURE REVIEW 
Following are some theories and research carried out till now: 
Riy Joseph ISSN2395-0095 & jobil vargese 2005 observed in their study that Telecommunication towers are tall 
structures installed at a specific height usually designed for supporting parabolic antennas. The structure engineer has the 
difficult task of planning and installing telecommunication towers that can reliably accommodate all loads in open air. 

http://www.ijiset.com/
mailto:s.asad84@yahoo.com
mailto:2%5Dmir.faheem@rediffmail.com


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 09 Issue 02, February 2022  

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com  

115 
 

Lattice towers that stand alone are often seen all around the world. According to recent surveys, the number of cell towers 
will possibly exceed 5 lakhs by 2020. Land for the construction of these traditional lattice towers is very challenging to 
come by in densely populated metropolitan areas. The steep rise in land valuation has necessitated the creation of an 
environmentally friendly alternative to traditional lattice towers. Environmental and economic stresses have prompted 
researchers to look for new ways to build contact towers that are both environmentally friendly and cost efficient. 
Monopole systems may be seen as a better alternative to lattice towers since they have reduced dimensions and need 
fewer room for construction. The study of monopole mobile towers is the focus of the study.ANSYS finite element 
program is used for the study. The ANSYS model is used to predict monopole behavior when they are used as a 
coordination tower. The efficiency of the monopole tower is assessed using finite element results 
 
M.Pavan kumar,P.Markhandrya Raju,M.Navyal and GT Naidu(2017): The two popular forms of telecommunication 
towers used in the building industry are monopole and self-supporting towers. For simple wind speeds of 33m/sec, 
47m/sec, and 55m/sec, this paper compares Monopole and Self-Support style Towers with different heights of 30m, 40m, 
and 50m. STAAD(X) Tower program, which is specifically designed for analyzing Telecommunication Towers, is used 
to accept dead loads and wind loads when examining the antenna. Self-Support Towers have smaller lateral 
displacements than Monopole Towers of the same height with the same volume of building, according to this report. This 
is due to their increased stiffness. However, for a given tower height, wind speed, and loading, the steel quantity needed 
for Self-Support Towers is roughly 2 times that of Monopole Towers. However, due to their rigidity, Self- Support 
Towers have more load carrying capacity than Monopoles. For towers of height below or equal to 40m, Monopoles might 
be preferred. But, with the increase in height beyond 50m, Self-Support Towers are recommended. This is because, in 
case of any unexpected and abnormally high wind speeds during cyclones, the structural rigidity will be intact 

 
III. OBJECTIVE AND SCOPE OF THE STUDY  
 

The objective of this study is to compare the performance of Monopole with and without camouflaged with respect to 
lateral displacements and. Analysis and design of Monopole with and without camouflaged were performed using 
STAAD(V8I) Tower software for basic wind speeds of 44.44m/sec with 35m height of tower.  
 
              The problem is assumed to be a linear-static problem and analysis was performed for basic wind speeds of 
44.44m/sec with 35m height of tower. Further, for the scope of study considered. Comparison of lateral displacements at 
the top of towers and structural capacity of monopole is made between the similar sized Monopole with and without 
camouflaged towers to validate the results by a suitable software simulation/statistical package. 
 

 
IV. RESEARCH METHODOLOGY 

 
Figure 1. Geometrical configuration of monopole without camouflaged and monopole with camouflaged 
(height = 35m and basic wind speed = 44.44m/sec.) 
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 UMaterial properties 
 
Standard: (High tensile) ASTM-A572 GRADE 50 OR EQUIVALENT 
Tensile Strength:         Fu = 490 N/mm2 
Yield Strength:         Fy = 345 N/mm2 
 

 UAnchor Bolt 
ANCHOR BOLT: ASTM A572 GRADE 50 OR EQUIVALENT. 
 
Properties: 
Min.yield strength in N/mm2   = 448 N/mm2 
Min tensile strength in N/mm2 = 345 N/mm2 

 
 UGeometry of monopole  

A Steel Shaft flange connection is considered in design for both Monopole Tower and 
Camouflaged Monopole Tower were considered for STAAD (V8I) analysis. Fig. 1 shows 
geometrical configuration of Monopole with and without camouflaged for 35m height subjected basic 
wind speed of 44m/sec. 

 
 UResearch design 

 
Step 1: to conduct literature review on structural behavior of monopole with and without camouflaged after 
referring many journals and internet references. 
 
Step 2: to investigate the structural behavior of telecommunication monopole towers that have been  

camouflaged and those that have not. STAAD PRO V8I structural analysis software was used to create 3D 
computer models for each structure, and these models were used to analyze towers under wind loads.  

 
Step 3: Following the preparation of two versions, wind analysis will be carried out using the most recent 
code for antenna towers, ANSI/TIA-222-H Structural Standard for Antenna Supporting Structures and 
Antennas, which is highly respected and widely utilized by both local and international tower designers for 
their designs and structural parameters. 
 
Basic wind speed = 160 Km/hr. (44.44m/s) (3sec-Gust).  
Ultimate Wind Speed: 201.6 Km/hr (55.99m/s) 
Limiting Monopole deflection to 4.0 degree under operational wind speed = 120 Km/hr (33.33m/s). 
Exposure category: C.  
Structural class: II.  
Topographic Category: I. 

 
 ULoad Combination 

  
According to ANSI/TIA-222-H, Minimum design load combinations for structures 
1.2 D.L + 1.0 W.L (for section design) 
1.0 D.L + 1.0 W.L (for serviceability) 
 
 

Table 2 (a): Sectional properties of 35m height monopole tower
Section No. Elevationabove base (m) Top Dia.(mm) Bottom Dia.(mm) ThicknessT (mm)

1 11 475 475 5mm
2 12 725 725 5mm
3 12 1000 1000 5mm

For basic wind speed of 44.44 m/sec
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 UWind load 
         Wind load on the monopole without camouflaged and monopole with camouflaged structure concealing 
the following Loads was used for the structural analysis and design of towers under wind loadings. And 
design of steel member as per LRFD. 
   

 
 

 
 

 
                                                   
 

 
  

SL. NO. DESCRIPTION NO's SIZE (m) ELEVATION (m) WEIGHT / UNIT (kN) Total Weight (kN) Remarks
1 30 PORT ANT 3 2.769x0.469 35 0.7 2.10
2 5G ANT 3 0.860x0.395 35 0.6 1.80
3 RRU 24 0.48x0.356 35 0.25 6.00
4 HP 2 0.6 35 0.18 0.36

PROPOSED LOADING

Cross Section
Type of Tower
Height of Tower, h 35 m
Basic Design Wind Speed, V 44.44 m/s
Ultimate Wind Speed, Vult 55.99 m/s
Exposure Category C

Zg 274 m
α 9.5

Kzmin 0.85
Kc 1

Topographic Factor
Kzt 1

Ground Elevation Factor, Ke 1
Rooftop wind speed-Up Factor, Ks 1

Wind Direction Probability Factor, Kd 0.95
Risk Categorization of structure II

Category 1

WIND LOAD CALCULATION AS PER ANSI/TIA-222-H

CIRCULAR
Pole

Dia. 1.000mm Pole Round 0.000 12.00 1.000 1.0000 1 0.850 12.00 51.620 0.60 12.000 1551.758 1.1 7.200 12.290
Dia. 0.725mm Pole Round 12.000 12.00 0.725 0.725 1 1.040 16.55 41.397 0.60 8.700 1898.621 1.1 5.220 10.902
Dia. 0.475mm Pole Round 24.000 11.00 0.48 0.48 1 1.204 23.16 29.182 0.60 5.225 2198.019 1.1 3.135 7.580

30 PORT ANT Flat 35.000 2.769 0.469 0.469 3 1.303 5.90 29.975 1.35 1.299 2378.753 1.1 1.755 13.776
5G ANT Flat 35.000 0.86 0.40 0.40 3 1.303 2.18 25.245 1.20 0.340 2378.753 1.1 0.408 3.204
24-RRU Flat 35.000 0.48 0.356 0.356 24 1.303 1.35 22.753 1.20 0.171 2378.753 1.1 0.205 12.864

MW-0.60 DIA Flat 35.000 0.60 0.60 0.6 2 1.303 1.20 38.347 1.262 0.360 2378.753 1.1 0.360 1.884

Description
Surface 

Type

Height above 
ground level @ 

base of structure, z

Velocity 
pressure, 

qz (N)

Gust 
effect 

factor, GH

Effective 
Projected 

Area, (EPA)A

Design 
Wind Force, 

FA (kN)
Length, 
L (m)

Dia. (D) / 
Width (W), m

Depth, 
D (m)

Size of Appurtenences Velocity 
Pressure 

Coefficient, kz

Aspect 
Ratio, 
(L/W)

C
Force 

coefficient, 
Ca

Projected area of 
component of the 
Appurtenance, Aa

NO'S

CAMOUFLAGED Round 35.000 5.00 2.200 2.2000 1 1.303 2.27 140.606 0.50 11.000 2378.753 1.1 5.500 14.391
35m MONOPOLE WITH CAMOUFLAGED

Description
Surface 

Type

Height above 
ground level @ 

base of 
structure, z

Velocity 
pressure
, qz (N)

Gust 
effect 
factor, 

GH

Effective 
Projected 

Area, 
(EPA)A

Design 
Wind 

Force, FA 

(kN)

Length
, L (m)

Dia. (D) / 
Width (W), m

Depth, 
D (m)

Size of Appurtenences Velocity 
Pressure 

Coefficient, 
kz

Aspect 
Ratio, 
(L/W)

C
Force 

coefficien
t, Ca

Projected area 
of component of 

the 
Appurtenance, 

Aa

NO'S
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Step 4: comparative study is evaluated after analyzing two models with and without camouflaged to 
investigate the lateral displacement (tilt of monopole) and monopole structural capacity finally, the results of 
analysis under wind loads were compared. 

 
 

V.RESULTS AND DISCUSSIONS 
 

Results of monopole without camouflaged and with Camouflaged monopole towers of 35m height. A 
comparison of lateral displacements and structural capacity between monopole without camouflaged 
and monopole with camouflaged towers was performed and the results are presented in Fig. 2 to Fig. 5 

 
 

ULateral displacement of 35m monopole without camouflaged tower and with camouflaged at 
33.33m/sec operational wind speed 

  

(Fig.2) & (Fig.3)                                                                      
Figure 2 and Figure 3 Lateral Displacement Vs Height for Monopole without camouflaged tower and 
with camouflaged (Height = 35m and operational wind speed = 33.33m/sec)  
 

 From Fig. 2 it was observed that for a 35m tower height without camouflaged with 33m/sec operational 
wind speed, lateral displacement for Monopole Tower without camouflaged is more than allowable 
displacement.  

 
 

 
 From Fig. 3 it was observed that for a 35m tower height with camouflaged with 33m/sec operational 

wind speed, lateral displacement for Monopole Tower with camouflaged is less than allowable 
displacement 

 
 
 
 

35 m
ALLOWABLE HORIZONTAL DISPLACEMENT

525mm

At top of Monopole structure without camouflaged
Allowable tilt angle

4.00  Deg
MAXIMUM HORIZONTAL DISPLACEMENT Maximum tilt angle(33.33m/s operational wind speed)

849. mm 2.80  Deg

35 m
ALLOWABLE HORIZONTAL DISPLACEMENT

525mm

At top of Monopole structure with camouflaged

361. mm 1.05  Deg
Allowable tilt angle

4.00  Deg
MAXIMUM HORIZONTAL DISPLACEMENT Maximum tilt angle(33.33m/s operational wind speed)
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UStructural capacity of 35m monopole in terms of moment without camouflaged tower and with 
camouflaged at 44.44m/sec basic wind speed. 

 
 
 
 
 
 
 
 
 
 
 
                                                                                                                                                                                                             

 
                             (Fig.4)                                                                                                (Fig.5)                                                                      
 
Table 4 (fig.4) and Table 5 (fig.5) Structural steel Pole Moment capacity Vs Max Pole bending Moment 
for Monopole without camouflaged tower and with camouflaged (Height = 35m and basic wind speed = 
44.44m/sec)  
 

 From Table 4 (fig.4) it was observed that for a 35m tower height monopole without camouflaged with 
44.44m/sec basic wind speed, structural steel Max Monopole Moment is more than Pole Moment 

(Table-4)Monopole Capacity according  TIA-222-H

= ROUND
= 345 N/mm2

= 200000 N/mm2

= 66.087
= 259.71
= 41.391
= 179.13
= 0.9
= 0.9
= 0.9

Outer 
Diameter 

of Pole 
(mm)

Wall 
Thickness 

of pole (mm)

Inner 
Diameter 

of Pole 
(mm)

Pipe 
Area 
(mm2)

Factored 
Axial 
Load 
(kN)

Factored 
Shear Load 

(kN)

Factored 
Bending 

Moment (kN-
m)

Plastic 
Section 

Modulus,         
Z (mm3)

Elastic 
Section 

Modulus,          
S (mm3)

F'y

D/t Øc * Pn Øf * Mn Øv * Vu

Interaction 
Equation

1000 5 990 15629 55.48 62.5 1604.07 4950166.7 3868477.67 268 200.00 3768.41 1148.94 1884.20 1.396
725 5 715 11310 38.19 50.21 927.81 2592041.7 2021809.87 282 145.00 2873.22 804.83 1436.61 1.153
475 5 465 7382.7 25.68 39.31 390.7 1104541.7 858438.126 310 95.00 2058.38 536.75 1029.19 0.728

Pole shape section
Yield strength, FY

Elastic Modulus, E

0.0714 E / Fy

0.309 E / Fy

12.00-24.00
24.00-35.00

Elevation (m)

0.00-12.00

Øf

Øv

0.114 E / Fy

0.448 E / Fy

Øc

(Table-5)Monopole Capacity according  TIA-222-H

= ROUND
= 345 N/mm2

= 200000 N/mm2

= 66.087
= 259.71
= 41.391
= 179.13
= 0.9
= 0.9
= 0.9

Outer 
Diameter 

of Pole 
(mm)

Wall 
Thickness 

of pole (mm)

Inner 
Diameter 

of Pole 
(mm)

Pipe 
Area 

(mm2)

Factored 
Axial 
Load 
(kN)

Factored 
Shear Load 

(kN)

Factored 
Bending 

Moment (kN-
m)

Plastic 
Section 

Modulus,         
Z (mm3)

Elastic 
Section 

Modulus,          
S (mm3)

F'y

D/t Øc * Pn Øf * Mn Øv * Vu

Interaction 
Equation

1000 5 990 15629 73.48 41.37 835.46 4950166.7 3868477.67 268 200.00 3768.41 1148.94 1884.20 0.727
725 5 715 11310 56.19 29.08 412.73 2592041.7 2021809.87 282 145.00 2873.22 804.83 1436.61 0.513
475 5 465 7382.7 43.68 18.18 129.14 1104541.7 858438.126 310 95.00 2058.38 536.75 1029.19 0.241

Øv

Elevation (m)

0.00-12.00
12.00-24.00
24.00-35.00

0.0714 E / Fy

0.309 E / Fy

Øc

Øf

Pole shape section
Yield strength, FY

Elastic Modulus, E
0.114 E / Fy

0.448 E / Fy
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capacity and interaction equation stress ratio is more than 1 from elevation (0 to 24m) height of tower 
that means monopole without camouflaged is not safe.  
 

From Table 5 (fig.5) it was observed that for a 35m tower height monopole with camouflaged with 
44.44m/sec basic wind speed, structural steel Max Monopole Moment is less than Pole Moment capacity 
and interaction equation stress ratio is less than 1 throughout its height that means monopole with 
camouflaged is safe.VI.CONCLUSIONS 

 From the study it can be concluded that monopole without camouflaged have higher lateral displacements 
than allowable displacement compared to Monopole with camouflaged have lesser lateral displacements than 
allowable displacement of same height and same amount of loading because they have camouflaged at the 
top.  

 it was observed that for a 35m tower height monopole without camouflaged with 44.44m/sec basic wind 
speed, structural steel Max Monopole Moment is more than Pole Moment capacity and interaction equation 
stress ratio is more than 1 from elevation (0 to 24m) height of tower that means monopole without 
camouflaged is not safe whereas for 35m tower height monopole with camouflaged with 44.44m/sec basic 
wind speed, structural steel Max Monopole Moment is less than Pole Moment capacity and interaction 
equation stress ratio is less than 1 throughout its height that means monopole with camouflaged is safe 

 But due to camouflaged at the top, Monopole with camouflaged have more load carrying capacity than 
Monopole without camouflaged because all antennas are covered inside camouflaged and there is no wind 
exposure to antennas.  

 Based on the above-mentioned observation & conclusions, it is recommended to adopt Monopole with 
camouflaged as they are having more structural capacity and lateral displacement for Monopole Tower with 
camouflaged is less than allowable displacement.  

 Improvement: A future study can be extended for the comparative analysis of Monopole camouflaged 
communication tower with other lattice towers. 
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