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ABSTRACT 
 
The Stability of masts used for telecommunication purposes in Nigeria are often threatened by loads imposed on 

them by the weather; primarily Wind loads. This periodic load interacts with these slender structures thereby 

exciting a dynamic response from these structures.Failures of a number of these masts in Nigeria were recorded 

in the recent past. Field inspection of some of these failed masts has identified observable deformations due to 

vibrations and deflection of mast members leading to a progressive mode of failure as the main problem. Thus, 

this study assesses the dynamic stability of existing mast in Nigeria, considering the four (4) leg and three (3) leg 

free standing mast of heights 20m, 30m, and 40m and tip dimensions varied at 1/30
th

, 1/40
th

 and 1/50
th

 of the 

effective height of mast for Diagonal bracing, Zee bracing, Kee bracing and Diagonal bracing with no 

horizontal beam.Parametric study of the dynamic analysis results identifies the K-bracing as the most effective 

bracing arrangement for the tubular secton – 20mm diameter with the highest natural frequency of 0.748 Hz, 

0.532Hz and 0.347Hz for 20m, 30m, and 40m effective height of mast respectively and having the least tip 

deflections of 106.37mm, 245mm and 471.69mm for 20m, 30m and 40m effective height of mast respectively. For 

the geometric stability of these masts, it was also established that given the base dimension of masts kept at 

1/13
th

 of the effectively height of masts (Chandra 1977) the tip dimensions should range between 1/35
th 

to 1/45
th
 

of the height of mast. 

 
SIGNIFICANCE: The study provides useful information on the effect of masts bracing types on the 

dynamic displacements due to wind loads and the natural frequencies of these slender 

structures and the geometric stability of masts 

 

KEYWORD Dynamic analysis, Wind load, Natural frequency, Displacement 

 

 

1. INTRODUCTION 
 
1.1 Preamble 

 

Any structure that is built upon the earth’s surface 

should be capable of withstanding the strsses 

imposed on it by dead, live, or wind loads. The 

wind in particular constitutes one of the major 

forms of structural loadings and even moderate 

winds are capable of imposing high forces on 

slender and thin structures. As a result, most 

building codes of practice incorporate section 

devoted specifically to these aspects of design and 

construction of buildings, which are concerned with 

the resistance of wind load by the structures. 

When the winds interact with a structure a number 

of mechanisms operate which are capable of giving 

rise to periodic loading and which may excite a 

dynamic response from the structure. The wind 

velocity itself, although it is an erratically 

fluctuating quantity with no regular periodicity, can 

produce a dynamic response in a structure because 

it may be considered to contain a large number of 

single frequency components which are spread over 

a wide frequency range. A particular structure may 

therefore ‘select’ from the total wind function the 

particular component which has a frequency close 

to its own natural frequency and respond 

dynamically to it. This is the most obvious and the 

most common form of dynamic excitation of 

structures in wind. 

Once a structure has a velocity of its own due to 

vibration, other mechanisms of instability may 

begin to operate. These are due to change in the 

relative velocity of the wind with respect to the 

structure which movement of the structure brings 

about. If the change in relative velocity is such as to 

cause a force which acts in the same direction as the 

structural velocity and which may therefore 

increase it, an unstable situation exists which may 

eventually give rise to a dynamic response of large 

amplitude. The phenomenon of galloping is an 

instability mechanism of this type which operates 

on structures subjected to wind loading (Lawson, 

1980). 

In the design of structures to resist wind loading the 

possibility of a significant response is therefore a 

factor which can not be ignored.  Although in most 

cases the forces capable of causing a dynamic 

response are small compared to the quasi-static 

drag forces, they are nonetheless potentially 
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dangerous because dynamic excitation provides a 

mechanism for the accumulation of energy in a 

structure over a long period of time; a small 

excitation force may therefore cause large 

deflection amplitude to the structure (Macdonald, 

1975). 

 

1.2 Background 
 

Wind is a highly turbulent phenomenon and high 

winds are characterised by fluctuations in velocity 

ranging from short duration gusts lasting for a few 

second to squalls lasting several minutes or more. It 

is known that the higher the velocity of a gust, the 

shorter will usually be its duration and smaller it’s 

frontal area (Simu and Scalan, 1978). It is possible 

therefore, for the pressure at one point on a 

structure to be very high for a short period during 

the gust, while the average pressure over the whole 

structure remains comparably low. 

Throughout the development of methods for 

assessing wind load on structures, it has been 

assumed that the consideration of wind as a static 

form of loading would give a good enough 

approximation for the design purposes, although the 

turbulent nature of the wind has always been 

recognised. 

The reason for this is that most buildings are very 

stiff, with high natural frequency, and require 

enormous amounts of energy from loading 

mechanisms to produce a dynamic response of any 

magnitude. The time varying component of winds 

loads tend to occur at relatively low frequencies, 

and for this reason most buildings have been free 

from excessive vibratory response (Macdonald, 

1975). Communication masts, however are slender 

structures, with low natural frequencies, thus have 

always been susceptible to a dynamic mode of 

failure due to wind (Macdonald, 1975). 

 Failure of some of these masts in Nigeria, as 

reported by Nigerian Television Authority 

(Network News) and other media were recorded in 

the recent past, notable among them is the Jalingo 

Mtel mast failure in 2001, Jos NTA transmission 

mast which failed in 2004, the Federal Radio 

Corporation of Nigeria (FRCN) transmission Mast 

at Makurdi in 2006, and the Centre for Information 

Technology (CIT), BUK Masts failure in 2007. 

Field inspection of some of these masts after storm, 

rain (driving by wind) has identified two main 

problems associated with masts, which are 

observable deformations due to vibrations and 

deflection of the masts members, which also leads 

to a progressive mode of failure of these masts. 

 

 

2.0 METHODOLOGY 

2.1 Materials 

 

The materials considered in this research is the hot 

rolled steel tube sections of grade 43. This is 

because of the little effect directional wind has on 

such sections as reported by Chandra (1977) and 

Arena and Zar (1989) when compared to other 

sections that could be used for mast 

erection/construction. 

 

2.2 Mast Geometry and Configuration 

The configuration adopted for this work is the 

common arrangement used by most 

telecommunication companies in Nigeria, i.e the 

mast with a constant batter. Thus for stability 

purpose, the base of these mast was kept at 1/ 13
th
 

of the total height of mast as recommended by 

Chandra (1977) while the top dimension was varied 

to establish the most optimum dimension that gives 

adequate resistance to wind effects. Various bracing 

arrangement and types were also considered for a 

mast of total height 20m, 30m, and 40m 

respectively giving same loading to allow for a 

common base for comparison. 

 

2.3 Loading 

Wind pressure is assessed by considering the 

relevant conditions and is based on local records of 

characteristic wind speed. The intensity of wind 

pressure is calculated from the wind speed which is 

related to the locality, degree of exposure and 

height of the mast and is found by multiplying the 

basic wind speed () by the three non – 

dimensional factors: S1, S2 and S3. The factor S1 

relates to the topography of the site and mostly is 

equal to unity. The factor S2 is one relating to 

terrain (i.e open country or city centres or 

intermediate conditions). The S3 is a statistical 

factor depending on the probable life of the 

structure and probability of a major wind occurring 

during that period. 

Vertical wind gradient, which is the variation of 

wind speed of different height, can be represented 

as (Lawson, 1982): 
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where: vx = wind speed at height ; vxo = wind speed at reference height xo 
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The value of the index 


1
depends on the upward 

measuring point, varying from 0.13 ( i.e  = 7.5 ), 

for open grass land to 0.25 ( i.e  = 4) for heavily 

build up areas. Though values apply to mean hourly 

wind speed and 


1
 decreases if a shorter waiting 

time of say 10min is used. (Lawson, 1982). The 

design wind speed was determined as vs = vs1s2s3 

and the characteristics wind pressure was calculated 

as Wk = 0.613Vs
2
.
  
The value of the force coefficient 

was obtained from tables of BS 6399 (1996) (wind 

load generation). Other loads considered in this 

research are the self-weight of the mast and live 

loads of 0.5 kN/m
2
.  

 

2.4  Model Generation and Analysis 
Models of free standing mast with 4 legs and 3 legs 

were generated. The base width dimension was kept 

at 1/13
th

 of the total height of mast and the tip 

varied for three (3) width dimensions, viz:  1/30
th

, 

1/40
th

 and 1/50
th

 of the total height of mast. 

The models considered in this research are 4 legs 

diagonal bracing, 3 leg diagonal bracing, 4 leg K 

bracing, 3legs K bracing, 4 legs diagonal with no 

horizontal beam, 3 legs diagonal with no horizontal 

beam, 4 legs Z bracing and  3 legs Z bracing. The 

models are generated via STAAD.pro 2005 Graphic 

User Interface (GUI) and the input editor. 

The free standing mast models generated were 

loaded considering wind load, self-weight of mast 

and construction load. Dynamic amplification 

factors of 1.7, 1.3, 1.2 and 1.1 were considered for 

wind pressures at 10m, 20m, 30m, and 40m 

respectively for the assessment of their dynamic 

effect.  

 

2.5  Analysis 
Dynamic analysis of each of these models was 

performed via STAAD.pro 2005, Stardyne analysis 

engine. 

The dynamic response results are presented as 

structural deformations (displacement/bending) and 

as internal element loads and stresses. The natural 

frequencies and mode shape are direct function of 

the stiffness and mass distribution in the structure; 

since these are the primary parameters that affect 

the response of the structure under dynamic load, a 

free vibration problem was solved to extract these 

values. 

The eigen problem was solved for structure 

frequencies and mode shapes considering a mass 

matrix lumped at the nodes. Mases of all active 

Degrees of Freedom (D.O.F) were considered. The 

process of calculating the system eigenvalues and 

vector in STAAD.pro (2005) (Modal Extraction) is 

performed by solving equation: 

 

      02  qKqM   ...                2          

 

Where; [M] = mass matrix, ω  = Natural 

frequencies (eigen values), q   = normalized mode 

shapes (eigen vectors), each eigen vector [q] has an 

associated mass defined by generalized mass: [GM] 

= [q]
T
[M] [q]. 

A participation factor (Qi) was computed for each 

eigen vector for each of the three global (Xi) 

translational directions 
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3. RESULTS AND DISCUSSION 
 

3.1 Wind speed 

 

The maximum wind speed for ten years record 

obtained at the Airport metrological centres of 

Bauchi, Maiduguri, Kano, Yola and Kaduna are 

62.23 m/s; 64.86 m/s; 44.33 m/s; 48.23 m/s; and 

47.83 m/s respectively. Since Maiduguri has the 

highest wind speed, its data was used in generating 

wind loads on models of these masts. 

 

Table 1 gives the factors relating to topography, 

terrain and probable life of the structure at ten 

metres interval and Table 2 gives the computed 

dynamic wind pressure on the structures. 

 

 
Table 1 Factors relating to topography, terrain and probable life of structure 

 

Height,   (m) 

              

           Factors 

 

 

10 

 

20 

 

30 

 

40 

 

50 

S1 1.0 1.0 1.0 1.0 1.0 

S2 0.67 0.79 0.90 0.97 1.02 

S3 1.0 1.0 1.0 1.0 1.0 

Source: BS 6399 (1996) 
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Table 2 Wind speed and pressure at 10m interval and the dynamic amplification factors 

 

Height 10 20 30 40 

Vs (m/s) 43.45 51.23 58.37 62.91 

Wk (N/m
2
) 1157.6 1608.8 2038.5 2426.0 

Dynamic Amp. 

Factor 

1.7 1.3 1.2 1.1 

Dynamic 

pressure KN/M
2 

1.57 2.09 2.44 2.66 

Source: Boswell and Mello (1993) 

 

 

Dynamic analysis results (Maximum -Tip 

displacements and natural frequencies) for each of 

these models (varying in type of bracing, and 

number of legs) obtained are presented in Tables 3 

to 8 and Figures 1 and 2 presents the graphs of the 

tip displacements while figures 3 to 8 presents 

graphs of their natural frequencies. 

Table 3 Natural Frequency and Tip Displacements for 20 m, 4 Legs Masts 

 

MAST  

TYPE 
BRACING TYPE 

NATURAL 

FREQUENCY, (Hz) 

MAXIMUM 

DISPLACEMENT, (mm) 

20 m 

4 Legs 

Diagonal 0.585 111.7 

Z 0.748 434.33 

K 0.705 106.37 

Diagonal with no horizontal  beam 0.550 109.13 

 

Table 4 Natural Frequency and Tip Displacements for 20 m, 3 Legs Masts 

 

MAST  

TYPE 
BRACING TYPE 

NATURAL 

FREQUENCY, (Hz) 

MAXIMUM 

DISPLACEMENT, (mm) 

20 m 

3 Legs 

Diagonal 0.404 167.31 

Z 0.546 261.84 

K 0514 142.02 

Diagonal with no horizontal  beam 0.396 135.57 

 

Table 5 Natural Frequency and Tip Displacements for 30 m, 4 Legs Masts 

 

MAST  

TYPE 
BRACING TYPE 

NATURAL 

FREQUENCY, (Hz) 

MAXIMUM DISPLACEMENT, 

(mm) 

30 m 

4 Legs 

Diagonal 0.364 295.46 

Z 0.632 575.68 

K 0.432 245.64 

Diagonal with no horizontal  beam 0.358 267.49 
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Table 6 Natural Frequency and Tip Displacements for 30 m, 3 Legs Masts 

 

MAST  

TYPE 
BRACING TYPE 

NATURAL 

FREQUENCY (Hz) 

MAXIMUM DISPLACEMENT 

(mm) 

30 m 

3 Legs 

Diagonal 0.262 400.48 

Z 0.358 1166.29 

K 0.318 338.38 

Diagonal with no horizontal  beam 0.261 306.76 

 

Table 7 Natural Frequency and Tip Displacements for 40 m, 4 Legs Masts 

 

MAST  

TYPE 
BRACING TYPE 

NATURAL 

FREQUENCY, (Hz) 

MAXIMUM 

DISPLACEMENT, (mm) 

40 m 

4 Legs 

Diagonal 0.257 648.96 

Z 0.347 1971.18 

K 0.334 471.69 

Diagonal with no horizontal  beam 0.256 572.50 

 

Table 8 Natural Frequency and Tip Displacements for 40 m, 4 Legs Masts 

 

MAST  

TYPE 
BRACING TYPE 

NATURAL 

FREQUENCY, (Hz) 

MAXIMUM 

DISPLACEMENT, (mm) 

40 m 

3 Legs 

Diagonal 0.186 872.91 

Z 0.252 5677.44 

K 0.181 636.69 

Diagonal with no horizontal  beam 0.186 636.09 
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Figure 1: Tip Displacements for 4 Legs Masts with Varying Heights 
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Figure 2: Tip Displacements for 3 Legs Mast with Varying Heights 
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Figure 3: Natural Frequencies for 20 m, 4 Legs Masts 



Journal of Engineering and Technology (JET) Vol.4, No. 2 August 2009  

 Gambo, A. H. Ogork, E. N. & Aboshio, A     72 
 

Maximum (Tip) Displacements for 3 Legs Masts

0

500

1000

1500

2000

2500

0 5 10 15 20 25 30 35 40 45

Height (m)

D
y

n
a

m
ic

 D
is

p
la

c
e

m
e

n
t 

(m
m

)

Diagonal Bracing

Z Bracing

K Bracing

Diagonal with no Horizontal Beam

 
 

Figure 4: Natural Frequencies for 20 m, 3 Legs Masts 
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Figure 5: Natural Frequencies for 30 m, 4 Legs Masts 
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Figure 6: Natural Frequencies for 30 m, 3 Legs Masts 
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Figure 7: Natural Frequencies for 40 m, 4 Legs Masts 
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Figure 8: Natural Frequencies for 40 m, 3 Legs Masts 

 

 

3.2 Discussion  

From the dynamic analysis results presented in 

tables 3 to 8, it could be seen that the dynamic 

displacement of both the 4 legs and 3 legs mast 

increases with increase in the height of mast, so 

also the degree of instability as revealed in the 

results of the natural frequencies of the first mode 

shape of these masts. Table 3 presents tip 

displacements results of the 20m, 4 leg diagonal 

bracing, Z bracing, K bracing and diagonal with no 

horizontal beam bracing. From the results, the K 

bracing has the least tip displacement of 106.37mm, 

while 109.13mm, 111.7mm and 434.33mm are the 

displacements for diagonal with no horizontal beam 

bracing, diagonal bracing and Z bracing 

respectively. The 20m, 3legs dynamic 

displacements results presented in tables 3.4 also 

indicate that the K bracing has the least tip 

displacement of 142.02 mm while the Z bracing has 

the highest tip displacement of 261.84mm. The 

diagonal bracing and the diagonal with no 

horizontal beam has the tip displacements of 

167.31mm and 135.57mm respectively. 

 

From the dynamic displacement results of the 30m, 

4 legs masts presented in tables 3.4 it could be seen 

that the K bracing has the least displacement of 

245.64mm and Z bracing with the highest 

displacement of 575.68mm while 267.50mm and 

295.46mm are the tip displacements for the 

diagonal with no horizontal beam bracing and the 

diagonal bracings respectively. A similar trend is 

observed for the dynamic displacements of the 3 

legs, 30m masts presented in tables 3.4 the 40m, 4 

legs masts presented in tables 3.5 and the 3 legs, 

40m masts dynamic displacement results presented 

in tables 3.6. In each case, the K bracing has the 

least tip displacements with dynamic tip 

displacement for the 3 legs, 30m masts of 

338.34mm and 471.69mm for 40m, 4 legs masts 

and 40m, 3 legs masts respectively. The 

corresponding highest displacements for the 3 legs, 

30m masts, 40m, 4 legs masts and 3 legs, 40m 

masts are 1166.29mm, 1971.19mm and 5677.44mm 

respectively are observed on the Z bracings. 

Displacement results when compared to  limiting 

deflection at the tip of mast given as 2.5 percent of 

the effective height of mast(AASHTO, 2003) 

shows that all mast (both three and four legs) 

considered in this study are below the limiting 

value of 0.5 metres for 20 metres masts height, 0.75 

metres for 30 metres and 1.0 metres for 40 metres 

mast height except for Z bracings ‘3 and 4 legs, 40 

metres’ mast which exceeded the limiting 

deflection value for the mast of such height and 

with a deflection values of 5.68 metres and  1.98 

metres  respectively. 

Results of tip displacements of the 20mm steel 

tubular section considered in this study for mast tip 

cross-sectional dimensions of 1/30
th

, 1/40
th

 and 

1/50
th

 of the total height of mast presented in table 9 

show that the displacement at the tip of same mast 

height varies slightly with  1/40
th

 of the height of 
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mast as tip cross-section  dimension having the 

least displacements. 

From the results of natural frequencies of these 

masts, it could be seen that for 20metres effective 

height of mast, the K bracing has a value of 

0.748Hz, Z bracing, 0.648 and diagonal 0.585Hz. 

At 30metres, the natural frequencies of these mast 

are 0.532,.0.512, 0.362 Hz for the K, Z and 

Diagonal bracings respectively. Similarly at 

40metres effective height the natural frequencies 

are 0.334, 0.301, and 0.257Hz also for the K, Z and 

diagonal bracings respectively. The Higher the 

Natural frequency of a mast the  more stable it is, 

thus suggesting that K bracing is more suitable for 

free standing masts used for telecommunication 

purposes in Northern Nigeria. 

 

 

 

TABLE 9   MAXIMUM DISPLACEMENTS OF VARIOUS MAST TYPES WITH VARYING TIP 

DIMENSION 

 

 

MAST TYPE 

 

EFFECTIVE 

HEGHT (m) 

 

BASE 

DIMENSION 

(m) 

 

TIP 

DIMENSION 

(m) 

 

MAX. TIP 

MAST DISPL. 

(mm) 

 

4 Leg diagonal bracing 
 

 

20 

 

 

1.4 

0.66 111.70 

0.50 98.09 

0.40 113.11 

 

3 Leg diagonal bracing 
 

 

20 

 

 

1.4 

0.66 167.31 

0.50 161.21 

0.40 165.77 

 

4 Leg Z bracing 

 

 

20 

 

 

1.4 

0.66 434.33 

0.50 420.29 

0.40 433.11 

 

 

3 Leg Z bracing 

 

 

20 

 

 

1.4 

0.66 261.84 

0.50 251.44 

0.40 266.44 

 

 

4 Leg K bracing 

 

 

20 

 

 

1.4 

0.66 106.37 

0.50 98.11 

0.40 102.55 

 

 

3 Leg K bracing 

 

 

20 

 

 

1.4 

0.66 142.02 

0.50 123.41 

0.40 139.11 

 

 

4 Leg NHB bracing 

 

 

20 

 

 

1.4 

0.66 109.00 

0.50 100.10 

0.40 108.11 

 

 

3 Leg NHB bracing 

 

 

20 

 

 

1.4 

0.66 135.57 

0.50 131.56 

0.40 140.30 

 

4 Leg diagonal     

      bracing 

 

 

30 

 

 

2.31 

1.00 295.46 

0.75 292.33 

0.60 295.55 

 

3 Leg diagonal bracing 

 

30 

 

 

2.31 

1.00 400.49 

0.75 438.33 

0.60 401.11 

4 Leg Z bracing 
 

30 

 

 

2.31 

1.00 575.68 

0.75 563.21 

0.60 564.33 

3 Leg Z bracing 
 

30 

 

2.31 

1.00 1166.29 

0.75 1101.10 

0.60 1211.21 
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TABLE 9   (cont.) 

 

 

MAST TYPE 

 

EFFECTIVE 

HEGHT (m) 

 

BASE 

DIMENSION (m) 

 

TIP 

DIMENSION 

(m) 

 

MAX. TIP MAST 

DISPL. (mm) 

 

4 Leg K bracing 

 

30 

 

2.31 

1.00 245.64 

0.75 231.37 

0.60 246.32 

 

3 Leg K bracing 

 

30 

 

2.31 

1.00 338.34 

0.75 301.11 

0.60 331.33 

 

4 Leg NHB bracing 

 

30 

 

2.31 

1.00 267.11 

0.75 240.11 

0.60 270.11 

 

3 Leg NHB bracing 

 

30 

 

2.31 

1.00 306.76 

0.75 300.11 

0.60 311.01 

 

 

4 Leg diagonal bracing 

 

 

40 

 

3.08 

 

1.33 648.16 

1.00 644.15 

0.8 647.91 

 

 

3 Leg diagonal bracing 

 

 

40 

 

 

3.08 

1.33 872.91 

1.00 860.32 

0.80 871.33 

 

4 Leg Z bracing 40 

 

3.08 

 

1.33 1977.18 

1.00 1811.30 

0.8 1981.40 

 

3 Leg Z bracing 
 

40 

 

3.08 

1.33 5677.44 

1.00 5311.44 

0.80 5699.11 

 

 

4 Leg K bracing 

 

 

40 

 

3.08 

 

1.33 245.64 

1.00 233.41 

0.8 249.32 

 

 

3 Leg K bracing 

 

 

40 

 

 

3.08 

1.33 636.09 

1.00 592.39 

0.80 629.11 

 

4 Leg NHB bracing 
 

40 

 

3.08 

 

1.33 572.50 

1.00 562.11 

0.8 571.90 

 

3 Leg NHB bracing 
 

40 

 

3.08 

1.33 636.10 

1.00 598.10 

0.80 600.19 

 

 

4. CONCLUSION AND 

RECOMMENDATION 

 

4.1  Conclusion 

 

From the results obtained in this research, it can be 

concluded that: 

     1- The K bracing is the most suitable bracing 

for high free standing mast. 

     2-  Having the base dimension kept at  
th13

1
  

of effective height of mast; the tip dimension               

should be between   
th35

1
 to  

th45

1
 of effective 

height of mast. 

     3-  The degree of instability, stresses in 

members and displacements increases with increase 

in height 

 

 

4.2  Recommendation 

 

The following recommendations are made: 

1- Mast for telecommunication purposes 

beyond 40 metres should be guyed; 

this is to avoid serviceability failure 
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due to excessive deflection of 

members. 

2- The wind induced loading to be 

considered in the modelling and 

designs of masts should reflect actual 

maximum basic wind speed as 

reported from the sites. The values 

used for this work are typical values 

for the specific locations. 

3- Further research should be carried out 

on erection/construction procedures, 

as this may be a contributing factor to 

the failures of some masts in Nigeria. 
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