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ABSTRACT 

Most towers or masts in practice are used as a more economic option for solid poles as greater heights are required in providing services such as 
supporting transmission equipments for radio stations, internet providers, wind turbines, telecommunication transceiver equipment and high-voltage 
electrical transmission. In this paper the torsional analysis of self-supporting lattice towers will be considered even though the methodology can be 

applied similarly in the analysis of masts. The failure or collapse of self-supporting lattice towers can be very devastating and result in service loss or 
down time as well as loss of valuable lives and properties which could most often happen without notice and in a flash. Proper analyses of such 
structures are therefore a requirement not an option. 
 

In view of the rigorous and cumbersome calculations involved in the analysis of self-supporting lattice towers used in telecommunications and power 
distribution, it is necessary to propose a simplified model for analysis of self-supporting lattice towers that can give acceptable results when compared 
to methods currently in use. The major forces requiring analysis in any such serviceable structure to continue maintaining its state of static and 
dynamic equilibrium are Normal Forces (Tension or Compression), Shear Forces, Flexure, Moment and Torque. This model in a previous research had 

been used to determine the Critical Buckling load and Natural frequency of vibration of a self-supporting lattice tower and we hope to apply it in 
determining the angle in torsion due to torque.   
 
This paper as earlier discussed proposes a model for the determination of the angle of twist for self-supporting lattice towers subjected to torsion as a 

result of torque developed due to the action of wind loads or other external forces which could be determined with the expression  
     

   

 
    though 

more cumbersome. The proposed model idealizes the self-supporting lattice tower as an equivalent non-prismatic solid beam-column structure 
restrained at its base being of the same height and similar shape as the self-supporting lattice tower whose cross-sectional dimensions are likely to 

differ. The expressions       
       

         
    

  
  and    

    

  
 are proposed by the use of the beam-column model for the computation of the 

angle of twist for self-supporting lattice towers under the action of torque. The equivalent beam-column structure will have dimensions of b at its free 
end and    at its restrained base. 

 
The model for this research was developed as a result of a proposed theory which states that “Any lattice Tower under the action of forces can be 
analysed using an equivalent solid beam-column having the same height, shape and value of deflection or angle of torsion along its length as the 
lattice tower though having different cross sectional dimensions as long as the same value of forces are applied at the same point and in the same 

direction on the beam-column model”. 
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1.0 INTRODUCTION 
Lattice or truss towers are tall steel frame or truss 
structures made up of smaller member structures used for 
different purposes such as installation of equipment for 
telecommunication, radio transmission, satellite reception, 
air traffic control, television transmission, power 
transmission, wind turbines, flood lights, meteorological 
measurements, etc. The analyses of such structures are 
very necessary since the outcome is important to safe 
guard lives, properties and investments. The major forces 
acting on lattice towers are wind loads, equipment and self 
weight. The self weight normally results in vertical loading 
on the entire structure which in turn develops tensile and 
compressive forces in the members. The extent of vibration 
or torsion developed in the structure depends on the type 
of equipment places on it, the expected use and wind 
speed and direction.  
 
 Analyzing such structures requires a lot of rigorous and 
cumbersome calculations which could result to time loss 

and discourage analysis of such natures. In attempting to 
offer a solution to such situation, N. N. Osadebe, M. E. 
Onyia and M. C. Nwosu in their research successfully 
developed a representative model with an expression 
which makes it possible to determine the natural vibration 
frequencies of self-supporting lattice towers using the 
developed model and expression.  
 
M. E. Onyia and M. C. Nwosu in a further research 
successfully developed an expression using the exact same 
model used in the previous research to successfully 
determine the critical buckling load of self-supporting 
lattice towers. The research of such nature conducted with 
the beam-column model so far can only for now determine 
the natural vibration frequencies and critical buckling load 
of self supporting lattice towers. The use of the model for 
torsional analysis was not yet tested. 
 
In attempting to provide a less cumbersome yet accurate 
method of determining the angle of twist for a lattice tower
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under the action of torque, J. J. Cao, A. J. Bell and K. J. Xu 

developed an expression    
     

   
  

 
    to successfully 

carry out a direct torsional analysis of lattice towers. The 
research by L. L. Cao et al. though impressive is still 
cumbersome in nature having different expressions for 
different shapes and member arrangements of the same 
lattice tower. The equivalent beam-column method does 
not consider the member arrangements but rather the 
internal forces in the lattice members. This prompted the 
desire for a further research into the use of the equivalent 
beam-column method in torsional analysis of lattice tower. 
In the paper we will focus more on a 4-legged self-
supporting lattice tower.    
 
In the torsion analysis of a self-supporting lattice tower, we 
are more interested in the extent of twist the structure 
undergoes under the action of the applied torque which 
can determined by using the value of internal forces 
developed in the truss members since the failure of any or 
all of the truss members that make up a lattice tower either 
in tension, compression or bending could lead to the 
gradual or immediate failure or collapse of the entire 
structure. If the lattice tower is twisted to a point where 
the forces acting on the structure is no longer in 
equilibrium, then there is a likelihood of failure or collapse.  
 
The ideology deployed in determining the angle of twist of 
lattice tower in this paper is based on the fact that if the 
same value of torque expected to act on a self-supporting 
tower is applied at the same point on the equivalent beam-
column structure (model), then the value for angle of twist 
obtained from the equivalent beam-column structure 
(model) should be equal to that expected for the self-
supporting lattice tower. 
 
In determining the angle of twist for a solid beam-column 
structure, the expression for that is readily available is that 
for a cylindrical structure, but in this paper we are more 
interested in the analysis of a non-prismatic solid beam-
column with square cross section having a linearly tapering 
width dimension along its length as shown in figure 2.  
 
Hasseb Ahmed Khan in a Master’s research at University of 
Karachi in 1966 developed expressions for the torsional 
analysis of a prismatic structure with square cross section 
having width dimension   .  
 
              
 
                
 
Where, 
  is Torque applied on the structure. 
     is the maximum value for shear stress. 
  is the shear modulus of the material (in this case steel). 
   is the dimension of the width. 

  is the angle of twist. 
 
The expression above can be re-written thus; 

     
 

            (1) 

 

  
 

       
    (2) 

 
The expressions were derived with a prismatic beam-
column having constant width throughout its length. The 
expression has to be adapted for a non-prismatic beam-
column with variable width when    will be replaced with 
the term   . 
 
Jan Francϋ et al. in their research titled “Torsion of a Non-
Circular Bar” also derived an expression for determining the 
value of angle of twist for a rectangular cross section 
structure having the expression for polar moment of 
inertia, J; 

     
 

 
     

Where, constant          . 
a and b are the dimensions of rectangular the cross section. 
 
 

2.0 METHODOLOGY 
In view of the discussions so far, it is expedient to explain 
the method employed in this research. The exact same 
tower analysed in the research by N. N. Osadebe et al. as 
shown in figure 1 having top and base widths of 1.30 
meters and 2.38 meters respectively and tower height of 15 
meters with an external of 1000KN horizontally applied at 
the top of the lattice Four-legged tower.  

 
      4-legged self-support lattice tower   
                       Figure 1 
 
When the same value of force was applied on the 
equivalent beam-column with variable width    as shown 
in figure 2 and the horizontal deflections of both the lattice 
tower and the beam-column taken to be exactly the same, 
the top and base width dimensions of the beam-column 
was found to be b = 0.2569 meters and   = 0.750852 
meters respectively as referenced from the research of 
Osadebe N. N. et al.
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Having determined the values of the top and base width for 
the equivalent beam-column, a torque of value 650KNm 
was applied at the top of the four-legged lattice tower and 
similarly the same value of torque was applied at the top of 
the equivalent beam-column and the values obtained for 
the angle of twist for both the four-legged lattice tower and 
the equivalent beam-column were calculated, tabulated 
and compared. 
 

2.1 MATHEMATICAL MODELLING 
In analyzing the effect of the applied torque on the lattice 
tower and bean-column there was the need to derive the 
expressions for determination of the angle of twist for the 
lattice tower and beam-column. It is assumed that the 
torque acts in the horizontal direction with respect to the 
structures and produces a purely horizontal twist. The 
lattice tower is not expected to have vertical reactions due 
to the action of Torque. 
 
2.1.1 Expression of Angle of Twist for 4-legged self-
supporting lattice tower 
We will recall that the expression for the determination of 
deflection or horizontal displacement for a self-supporting 
lattice tower when a horizontal force is applied at the top 
is;                         

   
     

   
  

 
   .    

Where,  
  is the value of the internal force in the member i under 
the applied force.  
   is the value of the internal force in the member i under 
the action of unit force (F = 1). 
          are the cross sectional area and length of the 
member i. 
  is the number of members in the lattice tower. 
  is the young’s modulus of elasticity. 
 
In the same way, the expression for determination of angle 
of twist of lattice tower is;  
 

   
     

   
  

 
      (3)     

Where,  
  is the value of the internal force in the member i under 
the action of torque T.  

   is the value of the internal force in the member i under 
the action of unit torque (T = 1). 
          are the cross sectional area and length of the 
member i. 
  is the number of members in the lattice tower. 
  is the young’s modulus of elasticity. 
 
The above equation was referenced from that derived by J. 
J. Cao et al. on page 336 of their publication titled 
“Torsional Analysis of Lattice Towers”, for the 
determination of angle of twist for lattice towers. Note that 
the expressions for deflection and angle of twist for the 
lattice tower are the same except for the fact that the 
values of the internal member forces differs and depends 
on the type of force applied. The expression was used in 
the determination of angle of twist for the self-supporting 
tower. 
 
2.1.2 Expression of Angle of Twist for column-beam 
In deriving an expression for determination of angle of 
twist for a beam-column structure, we applied the Saint 
Venant hypothesis. The expressions were of two types, that 
which was adapted from an expression for prismatic beam-
columns in equations 1 & 2 and that derived from first 
principle, taking the shape of the beam-column into 
consideration.  
 
Method 1: 
From equations 1 & 2, 

 

       2a 

                                         B             Torque (650KNm) 

                     2a 

                                    
                      A 

  

              Beam-Column Cross Section 

Figure 3a 
 
The expressions from equations (1) and (2);  

  
 

          

 

  
 

       
 

 
Which were derived for prismatic beam-column was 
adapted for use in the determination of the value of angle 
of twist for non-prismatic solid beam-column structure as 
shown in figure 3a. 
In adapting the expression; 
 
   was taken as the width dimension which changes 

linearly with the value of x which varies from 0 to L. 

                

In this case       

Therefore,   
  

  . 
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The maximum shear      along the length of the beam-

column is expected to occur at the restricted base of the 

beam-column structure    , while the maximum value 

for the angle of twist θ is expected to occur at the top of 

the Non-prismatic beam-column structure    . 

At    

                  

                                                 . 

At                       ,                     Angle of Twist θ  
          . 
 
The expressions above were then written as; 
 

                
         

  
 

 

 
   

Integrating with respect to x, 
 

  
          

         
     

     (4) 

 
Also, 

                  
          

  

 

 
  

 

   
      

 
 

Integrating with respect to x, 
 

  
             

            
    (5) 

 
Where,      is the width at the base where shear stress is 
maximum. 
                b   is the width at the top of the beam-column 
where twist angle is maximum. 

   is the surface area of the tapered structure by 
which the expression is multiplied to take care of 
the shape factor that was not considered in the 
derivation of the expression. 

 
Method 2: 
The second expression for the angle of twist of a solid 
beam-column structure with linearly varying width along its 
length was derived considering the linearly tapering shape 
of the width of the structure. 
 
The expression for the angle of twist for a solid cylinder 
under the action of torque is 
Where,   
 

  
  

 
       (6) 

 

  
  

  
 

  

  
     (7) 

 
 
Recall that the structure under study being a four-legged 
lattice tower should be have a representative model in a 
solid beam-column with a square cross section which 

cannot be represented by a cylinder with a circular cross 
section. 
 
In calculating the angle of twist for the beam-column 

structure, we had to consider the properties and shape of the 
equivalent beam-column structure. Figure 3b shows the 

view of the beam-column structure when looked at from the 

top. 

 

 

          

                                         B             Torque (650KNm) 

                        

                                    
                      A 

  

              Beam-Column Cross Section 

Figure 3b 
 

                              
     (8) 

 

                            

   
   

      
   

     

 

   
   

  
      (9) 

At the bottom of the beam-column,    
  

  
  

At the bottom of the beam-column,    
 

  
    

 

                               
 
    

 

                      
  

 

           

 

      
     

 
Integrating with respect to   ; 
 

   
  

 

 
      (10) 

 
From equation 3; 

    
     

  

 

 

  
       

    
 

 

 

 

 
Integrating with respect to x; 
 

   
        

         
     

 
Considering that the boundaries            ; 
 

  
        

         
    

  
    (11)
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From equation 2; 
 

    
  

   
  

 

 

 

 

  
          

    
  

       

 

 
 

    
  

   
  

 

 

 

 
Substituting the expression for       and integrating with 
respect to x; 
 

   
    

    
    

 

   
          

    
    

           
    

      

 

 
Considering that the boundaries            ; 
 
The required angle of twist should occur at the top of the 
beam-column; 
 

  
    

    
 

    

  
    (12) 

 
 
3.0 PRESENTATION OF RESULTS 

In order to compare the values for the angle of twist 

obtained for the self-supporting lattice tower and the 

equivalent beam-column as shown in figures 3 and 4 

respectively, the two structures were subjected to a torque of 

650KNm torque in the same direction at the free ends of the 

individual structures. 

 

The self-supporting lattice tower has the following 

properties; 
(i) A 4-legged self-supporting lattice tower. 

(ii) Truss members with total volume,     
        . 

(iii) Density = 7850kg/m 

(iv) Young’s Modulus, E = 210 x 106 KN/m2. 

(i) Dimension at the free end (top),          . 

(v) Dimension at the base,          . 

(vi) Height of Lattice Tower,        . 
(vii) The Lattice Tower varies linearly along its 

height. 

 

 
 

The equivalent beam-column has the following properties; 

(ii) Solid homogenous structure with square cross 

section. 

(iii) Density = 7850kg/m. 

(iv) Young’s Modulus, E = 210 x 106 KN/m2. 

(v) Dimension at the free end (top), b = 0.2569 m. 

(vi) Dimension at the base, B0 = 0.2569 m. 

(viii) Height of the beam-column = 15.0m 

(vii) The beam-column varies linearly along its 

height. 

 

 

3.1. Calculation for Angle of Twist of Lattice Tower. 

In calculating the angle of twist for the self-supporting 

lattice tower, we needed to consider the properties and shape 

of the 4-legged lattice tower structure. Figure 5 shows the 

shape of the lattice tower when looked at from the top. 

 

   1.30m 

                                         B             Torque (650KNm) 

               1.30m 

                                    
                      A 

 Lattice Tower Cross Section 

Figure 5 

 

The Torque acts at the mid-point between points A and B of 

the lattice tower section and the torque will normally be 

resisted horizontally at the fixed base of the tower and note 

that since the torque acts horizontally, the internal force of 

the lattice tower legs or vertical members should be equal to 

zero. 

 

Similar to the determination of expression in equation 9; 
 

The distance of action of torque,                

               = 0.919238816 m. 
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The value of force being resisted by the each leg of the 4-
legged self-supporting lattice tower,  
 

     
                   

    = 176.78KN. 
 

Table 1 shows the result of two the dimensional analysis for 

one face of the 4-legged self-support lattice tower which 

shows the internal forces within the individual tower 

members when a torque of 650KNm was applied and also 

the value of member internal forces when a unit torque of 

1KNm was applied at the same point on the lattice tower. 

 

Table 2 shows the value for the angle of twist for each 

member and also the summation of the angle of twists 
determined in analyzing the lattice tower. From the table 2, 

Recall that from equation 3,    
     

   

 
    

                                        

 

Considering the four sides of the 4-legged lattice tower, the 

total angle of twist which occurs at the top of the lattice 

tower, 

 

                   
     

θ             .  

 

 
 

 
 

3.2. Calculation for Angle of Twist for the Solid Beam-

Column Structure. 

 

METHOD 1: 

From equations 4 and 5, 

 

  
          

         
     

     

 

  
             

            
    

  

Where,            and              
 

                     . 
    
               

 

METHOD 2: 
From equations 11 and 12; 

 

  
         

         
    

  
 

 

  
    

  
  

 

Where the Poisson ratio,        

 

Shear           

                                           

 

          . 
 

               . 
 

This implies that,                
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Therefore;              
 
The summary of the results is presented in Table below. 
 

 
 
4.0 CONCLUSIONS 
A comparison of the values of the angle of twist for the 
actual self-supporting lattice tower and the proposed 
equivalent Beam-column model shows a marginal 
percentage difference of 1.13% to 2.11%. The proposed 
model is acceptable since it gives a lower-bound value of 
the angle of twist, which is a welcome safeguard against 

twist. The derived model expressions can also be for less 
cumbersome analysis modified at ease to analyze lattice 
towers of different sizes and cross-sectional shapes, such as 
circular-shaped, triangular-shaped (3-legged) and polygon-
shaped towers. 
 
Having previously proven in two earlier researches first by 
N. N. Osadebe, M. E. Onyia and M. C. Nwosu titled “A 
Model for the Determination of the Natural Vibration 
Frequencies of Self-Supporting Lattice Towers” and 
secondly by M. E. Onyia and M. C. Nwosu titled “A Model 
for the Determination of the Critical Buckling Load of Self-
Supporting Lattice Towers it would be proper to state that 
“Any lattice Tower under the action of any kind of forces 
can be analysed using an equivalent solid beam-column 
model having the same height, shape and value of 
deflection or angle of torsion as the lattice tower though 
having different width dimensions as long as the same 
value of forces are applied at the same point and in the 
same direction on the beam-column model”. The basic 
short coming of this method of analysis as earlier discussed 
is in the fact that only limited information is known of the 
individual lattice members, but further analysis can be 
done on the individual member elements if required which 
would not likely be cumbersome.
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