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ABSTRACT 
 
     Compared with self-supporting tower, guyed tower has advantages of low steel 
consumption, constructability and excellent wind-resistant performance, so it has been 
widely applied in transmission lines. The suspended guys stabilize towers, which have 
higher flexibility and geometric nonlinearity bringing great difficulties in numerical 
simulation. Researches on dynamic characteristics of guyed tower is relatively limited, 
especially when subjected to wind-induced response. A finite element model of guyed 
towers is built. In the numerical simulation of wind loading, fluctuating wind speed time-
history is assumed to be a stationary Gaussian random process and Davenport spectra 
is adopted as wind speed spectra. Auto-regressive method is applied to compute the 
random wind dynamic loads as the input waves. Results of the time history analysis 
show that torsional deformation of the structure is easy to appear under wind load. The 
conductor and ground wire have a weakening effect for the wind-induced vibration 
response of guyed towers. Calculation methods of the wind-induced vibration 
coefficient in design codes across the country are compared. Finally, a distribution of 
wind vibration coefficient is recommended for the practical design of guyed towers. 
 
1. INTRODUCTION 
 

     Transmission tower is a fatal structure to support overhead power lines in 
electronic industry. There are two major categories of transmission towers based on 
load bearing mechanisms: self-supporting tower and guyed tower. The self-supporting 
tower is fixed on the foundation by four tower legs, and the guyed tower uses a 
spherical hinge bearing to keep stable by the tension of guys. Compared with self-
supporting tower, guyed tower has been widely applied in transmission lines for its 
advantages of low steel consumption, constructability and excellent wind-resistant 
performance. The guyed tower usually adopts lattice trusses and guys hierarchically 
arranged along the height of the tower. Guyed tower has some advantages in 
economic, constructability and large deformation capacity. For instance, guyed tower 
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can save 20%~40% steel less compared with self-supporting tower. Hinge connections 
adopted between the tower and foundation allow the tower roll in a certain range, which 
has a larger deformation capacity subjected to impact loads (wind, earthquake, etc.). 

Pre-stress existing in guys and conductors acting on guy towers induces high 
level of nonlinearity, which brings difficulties to calculate the forces of guyed tower 
structures. The guyed tower structure deforms with the swing of the tower and the guys 
on one side starts to sustain tension force, while the ones on the other side lose 
tension force. Meanwhile, the stiffness of the whole structure reduces due to the 
existence of guy and conductor. Thus, the structure have higher flexibility and 
geometric nonlinearity, which bring great difficulties for simulating wind-induced 
responses. Currently, a wind-induced vibration coefficient (WVC) multiplied by static 
wind load is adopted to compute wind vibration of transmission tower line system 
across the countries. The dynamic effect of structures under wind load includes the 
wind speed varying with time, spatial correlation, damping characteristics and others. 
Thus, proposing a reasonable value of WVC is highly correlated to the safety and 
economics of transmission line structures. Due to the particularity of guyed towers, the 
value of WVC is not clarified in the current design specifications, while only refers to the 
value for self-supporting towers. Therefore, it is significant to determine the value of 
WVC for guyed towers subjected to wind loading. 

Researches on wind vibration response of transmission towers have been 
undertaken. Loredo and Davenport (2001) proposed the gust response factor to 
calculate the static equivalent wind load of power transmission line tower system which 
was adopted by international power and Canada overhead transmission line design 
guidelines. Some researchers studied the mean velocity profiles changed with the 
different topography and landform, which has significant influence on dynamic 
response of transmission tower line system (Savory et al. 2001, Takahashi et al. 2002). 
Mayumi et al. (2010) combined several identification methods and introduced a new 
method of estimating aerodynamic damping properties of two transmission towers 
under conditions of strong winds and the results revealed that the wind speed 
dependency of the aerodynamic damping property of the coupled tower-and-
conductors system had wide differing characteristics depending on the vibration mode. 
Gani et al. (2010) made a transient dynamic analyses as a comparison with the 
simplified static-equivalent approach provided in the current codes and found that the 
static-equivalent approach may underestimate the possible dynamic response. The 
wind tunnel tests on an aeroelastic model and analysis of the wind-induced response of 
model have been conducted. Lin et al. (2012) conducted a wind tunnel test of an 
aeroelastic model of a single transmission line span and support structure subjected to 
boundary layer and downdraft outflow wind force to examine the difference in structural 
response to the two different types of wind force. Rao et al. (2012) studied different 
types of premature failures observed during full scale testing of transmission line towers, 
discussed the importance of redundant member design and compared test results with 
various code provisions.  

The effects of coupling between electrical transmission tower and line on wind-
induced vibrations and the wind load transferring mechanism were investigated by a full 
aeroelastic model with transmission tower-line system on wind tunnel tests (Xie et al. 
2013, Liang et al. 2015 and Yu et al. 2015). Yang et al. (2015) calculated design wind 



loads for tubular-angle steel cross-arms of transmission towers under skewed wind 
loading. Mara et al. (2013) investigated the inelastic response of a self-supporting 
lattice transmission tower under different wind events and the result shown that the 
yield and maximum capacities vary with wind direction. Lou et al. (2013) studied wind-
induced response and wind load factor of transmission tower under terrain B wind field 
and typhoon wind field through a numerical analysis and found that under the two types 
of wind fields the average ratio of wind load factor is about 1.25. Wang et al. (2014) 
made a theoretical analysis and comparison on typical International wind load codes of 
transmission conductors in China, America and British. Fu et al. (2015, 2016) did 
research on motion of wind-driven rain and rain load acting on transmission tower and 
made fragility analysis and estimation of collapse status for transmission tower. 

Although several researches have been performed on wind vibration responses 
of transmission tower, there is little studies on the wind vibration responses of guyed 
towers and the corresponding WVC distribution. 

In this paper, wind-induced responses of guyed transmission tower-line coupling 
systems are investigated based on numerical method. First, a nonlinear finite element 
model (FEM) of guyed tower-line system is built. Then, dynamic characteristics of the 
guyed tower-line model is analyzed to explore modal properties of the coupling system. 
Finally, artificial fluctuating wind load generated with the AR method is imposed on the 
tower-line model, and dynamic analysis is performed to derive the distribution of wind 
vibration coefficient. 

 
2.FINITE ELEMENT MODEL OF GUYED TOWER 
 

Based on the characteristics of transmission lines, a guyed tower has been 
designed by Northwest Electric Power Design Institute of China Power Engineering 
Consulting Group, for which a structural analysis model using the finite element code 
SAP2000 (Wilson 1997) has, conveniently, previously been implemented. This paper 
has discussed the value of WVC of this type of tower. 

According to the characteristics of guyed tower, the tower numbers are modelled 
as truss elements and the foot of tower is modelled as hinge joint. The connection 
between the tower and the guy is also hinged supported, the same as the connection 
between the tower and the insulator. For the tower on both sides of the insulator string 
hang the conductors. Due to the existence of the conductor, longitudinal joint 
displacement of insulator string is restrained in a certain degree. So in this paper, a 
longitudinal constraint is imposed to the joint of insulator string. The impact of the 
weight of the conductor to the tower vibration characteristics has been considered in 
model analysis and the load is provided by electrical professionals. The model of guyed 
tower and transmission tower line system are shown in Fig. 1 and Fig. 2 respectively. 

A cooling method is adopted for the simulation of the guy and the pre-stressed 
axial force is calculated according to Eq. (1): 

N EA T                                (1) 

Where is the guy line expansion coefficient; E is the guy elasticity modulus; A is the 

cross-sectional area of the guy; T is the reduction of temperature. The impact of the 

weight to the guy is not considered in the Eq. (1). Final temperature need to reduce on 
the basis of the calculation temperature and it can be determined by observing the axial 



force of the guy. 
 
 

 

 
Fig. 1 Model of single guyed tower 

 
 

 

 
Fig. 2 Model of transmission tower-line system 

 
 
The insulator string is also modelled as truss element. Since the insulator string 

has a great stiffness and there is no bending and axial deformation, the moment of 
inertia and elastic modulus are magnified 100 times here. The tower uses a variety of 
materials such as Q420, Q345 and Q235. For steel all elastic modulus are 200 GPa in 
the calculation and yield strength takes 420 MPa, 345 MPa and 235 MPa respectively. 
Cable and the insulator string are calculated on elastic material and the related 
calculation parameters are shown in Table 1 and Table 2 respectively. 

 
 
Table 1 Guy parameter 
 

Elasticity 
modulus 

/GPa 

Linear 
density 
/N·m

-1
 

Coefficient 
ofthermal 
expansion 

/10
-5

·℃
-1

 

Cross-
sectional 

area 
/mm

2
 

Initial 
tension 

/kN 

Design 
bearing 
capacity 

/kN 

199.6 75.86 1.17 907.46 287 789.8 



Table 2 Insulator string parameter 
 

Elasticity modulus 
/GPa 

Density 
/kg·m

-3
 

Equivalent diameter 
/m 

20000 2500 0.2 

 
 
Connection plate and the auxiliary material are not considered in the model. In 

order to take consider of the influence of quality of this part on structural dynamic 
characteristics, the mass of the tower structure multiplies by a factor of 1.5 according to 
the construction drawing. The height direction is for Z axis, the transverse for X axis 
and longitude for Y axis in this paper. 

 
3. DYNAMIC CHARACTERISTICS ANALYSIS OF GUYED TOWER 

 
Modal analysis is known as the modal superposition method of dynamic analysis, 

providing the basic dynamic performance parameters for structural analysis and 
judging the structural response qualitatively. At the same time modal analysis is the 
basis of dynamic analysis and an effective means to check the model. 

According to the established finite element structural model, modal analysis is 
carried out on the guyed tower and the top 20 order natural vibration period and 
vibration mode of the tower have been calculated. Since the transmission tower is a 
kind of flexible structure and the first few mode shapes have a great effect on the 
structure ,we lists only the first ten order natural vibration period (shown in Table 3) and 
parts of the vibration mode (shown in Fig. 3) of the single guyed tower here.  

 
 
Table 3 Single guyed steel tower frequency and period 
 

Order Frequency/Hz Period/s Modal property 

1 0.608 1.646 First order torsional vibration around the z axis 

2 0.945 1.058 First order bending vibration around the y axis 

3 1.684 0.594 Swing to x direction 

4 1.810 0.552 Swing to y direction 

5 1.876 0.533 First order bending vibration around the x axis 

6 2.268 0.441 Tower head bending vibration up and down 

7 2.798 0.357 
First order bending vibration around the y axis in 

tower leg 

8 5.334 0.187 Second order bending vibration around the x axis 

9 6.690 0.149 High order bending vibration around the x axis 

10 6.873 0.145 High order bending vibration around the y axis 

 



              

(a) First mode shape            (b) Second mode shape 

                 

        (c) Third mode shape          (d) Forth mode shape  
 

Fig. 3 Top four vibration mode of single guyed steel tower 
 

 
According to GB50135-2006 (2007), first order natural vibration period of tall 

structures is in (0.007 ~ 0.013) H, where H is the height of the tower. This single guyed 
tower has a height of 53.5 m, that is to say the natural vibration period is within 0.37 s ~ 
0.7 s. The first order natural vibration period is 1.653 s in this paper, greater than the 
empirical formula. The reason may be that a fixed constraint is generally adopted at the 
bottom of the traditional structure, but a hinged support for the guyed tower. 
Conventional high-rising structure design may not be appropriate for the guyed tower, 
so the wind-induced vibration response analysis of guyed tower is particularly important. 
From the model analysis, the tower is prone to twisting around the Z axis and 
transverse vibration also tends to happen, because of a ball hinge existing at bottom of 
the tower. 

For the transmission tower line system, the top fifty order vibration period and 
corresponding mode shape have been calculated. The main natural vibration period 
and mode shape are listed as shown in Table 4 and Fig .4 respectively. 

 
 
Table 4 Frequency and period of tower-line model 
 

Order Frequency/Hz Period/s Modal property 

1-13 0.148-0.158 6.75-6.32 Vibration up and down of conductor 

14-25 0.178-0.279 5.63-3.59 Vibration up and down of wire 



41 0.752 1.33 First order bending vibration around the y axis of 
tower 42 1 1 First order bending vibration around the y axis of 
tower 45 1.549 0.645 Swing to y direction of tower 

46 1.615 0.619 Swing to x direction of tower 
 

 

(a) Fifteenth mode shape 
 

 

(b) Thirty-sixth mode shape 

 

(c) Forty-fifth mode shape 
 

Fig. 4 Main mode shapes of transmission line 
 
 

The results show that, the top 13 order mode shapes are the vibration mode of 
the conductor, the 14 ~ 25 order mode shapes are the vibration mode of the ground 
wire, the 41 ~ 44 order mode shapes are the first order bending vibration around the y 
axis of tower, the 45 order mode shape is swing to y direction of tower, and the 46 
order mode shape is swing to x direction of tower. Because of the influence of the 
conductor and the ground wire, the order of the mode shape of transmission tower line 
system is different from that of the single tower, and the frequency of the same mode 
shape of transmission tower line system is smaller than that of the single tower. 

 
4. SIMULATION OF WIND LOAD 

 
4.1 Simulation of fluctuating wind 
The wind velocity can be expressed as the sum of the mean wind speed and the 

fluctuating wind at any height and moment. 
The fluctuating wind, as a random load, needs random vibration theory to 

describe the stochastic process. According to the random vibration theory, the 



stochastic process commonly divided into stationary random process and non-
stationary random process and the fluctuating wind can be regarded as the former. For 
wind speed time history simulation method at present there are three kind of methods 
mainly including linear filtering method, harmonic superposition method and wavelet 
generating method, in which the linear filtering method is most widely employed. 

Linear filtering method includes Auto-regressive method (AR) and Auto-
regressive moving method (ARMA). The ARMA model has high precision, but its theory 
is complex, while due to small amount of calculation and fast speed, the AR model is 
widely used to solve random vibration problems. 

Respecting the above mentioned facts, we have adopted the AR model (Iannuzzi 
and Spinelli 1987) to simulate the wind speed time history, which then is utilized as the 
input to guyed tower. Then by comparing the simulation power spectrum and the target 
power spectrum, it might be possible to verify the availability of the simulation model of 
the wind speed time history acting on the tower. 

Power spectral density function, as one of the most important statistical properties, 
can reflect the energy distribution of fluctuating wind on a frequency domain. One of the 
most representative is Davenport spectrum based on the measured data: 
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Where 
10

0

1200

V

f
x  ; 10V  is the average wind speed in Standard height 10 m; K is 

terrain rough factor; f  is fluctuating wind frequency (Hz). 

 
4.2 Calculation of wind load 
For the components of guyed tower in any height, the calculation of the wind load 

can proceed as follows: 
First, the mean wind speed is calculated according to the mean wind index 

calculation formula 
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where 10V  is the average wind speed in Standard height 10 m. Second, the fluctuating 

wind speed  ,f z t  is obtained according to AR method. Then the synthetic wind 

speed can be composited according to the following formula  
 

 ( , ) ( ) ,
f

z t V z z t                                  (4) 

 
Finally, the wind load can be gained as follows: 
 



2

( , )

1600
( ) 1.1 s s

z t
F t Av                                  (5) 

 

where sA  is the area of the member; s  is the shape factor of the member, for which, 

angle steel is 1.3, conductor and ground wire are 1.1, insulator is 1.0 and guy is 1.2 
according to GB 50545-2010 (2010). 

Based on MATLAB, fluctuating wind is simulated by AR model, as shown in Fig. 5. 
It can be seen that the simulated spectrum agrees well with the target spectrum. 

 
 

 

 
Fig. 5 Fluctuating wind simulation 

 
 

According to the result of the modal analysis in the above section, twist and 
transverse vibration are more likely to happen for guyed tower. So analysis of the wind-

induced vibration response of the single guyed tower under 90 ° wind load 

(perpendicular to conductor) is mainly carried out and WVC has been calculated. 
Rayleigh damp is adopted here. The quality damping coefficient and the stiffness 

damping coefficient can be gained through calculation of modal damping ratio. For the 
steel structure, the modal damping ratio of 0.02 is implemented (Wilson 1997). 

Since there are majority of nodes belonging to the tower, applying wind load on 
each node is not practical. In this paper the tower is divided into ten vertical sections, 
as shown in Fig.6 and the wind load at each section has been applied at the corner 
nodes on the top. The wind load applies on the nodes where guys act at six and seven 
sections. The quality and the wind area of each section are calculated in half of the 
sum of the two sections adjacent. The quality and wind area of each node on the 
section are shown in Table 5. 
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Fig. 6 Hierarchical diagram 

 
 
Table 5 Mass and wind area 
 

section 
Section 
height/m 

quality of single 
point/kg 

area of single 
point/m

2
 

shape 
factor 

10 53.5 72.869 0.58375 1.3 

9 50.5 637.431 3.3575 1.3 

8 48 1047.155 4.515 1.3 

7 42.875 706.993 2.77125 1.3 

6 37.75 494.367 2.555 1.3 

5 27.25 519.339 2.9225 1.3 

4 18.25 449.206 2.5275 1.3 

3 10.75 366.619 2.08375 1.3 

2 4.15 222.988 1.285 1.3 

1 2.075 94.995 0.54 1.3 

 
 

Based on wind load formula 
2

( , )

1600
( ) 1.1 s s

z t
F t Av     , the wind load time history 

curve acting on each section can be obtained as shown in Fig. 7. 
 



 

 
Fig. 7 Wind load time history curve 

 
 

5. CALCULATION OF WIND-INDUCED VIBRATION COEFFICIENT 
 

The composition of wind load can be divided into two parts of the static load and 
dynamic load according to its properties. Static wind load is an equivalent to a constant 
load on the structure, while dynamic wind load is a random fluctuating load, which 
triggers the vibration response of the structure. Under the action of dynamic load, 
deformation and stress distribution of structure may be magnified. In order to reflect the 
influence of fluctuating wind load and for the convenience for engineering design, the 
WVC is used to consider the dynamic effect of wind load. 

 
5.1 Calculation method 
According to the inertial wind load method, the fluctuating equivalent load of the 

structure is regarded as inertial force to produce fluctuating displacement, that is 
 

2
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The WVC is given by 
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The essence of the inertial wind load method is, in fact, using the wind vibration 

coefficient to reflect the relationship between the general equivalent load (the sum of 
the static load and dynamic load) and the average wind load (static load). Thus the 
WVC is closely related to the mass distribution and vibration modes of the structure. 

According to Xu et al. (2011), Eq. (7) can be rewritten as 
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where  
( )m z , ( )A z  are the lumped mass and wind area respectively at the height of z ; 

g is the Peak factor, generally between 2 ~ 2.5,implying a value of 2.2 here;  

)(za is the Acceleration mean square error at the height of z ,which can be 

gained by the time history analysis. 
The calculation of WVC in ASCE No.74-2009 (2009) may be determined from the 

following equations: 
 

 0.7 1.9t tG E B                              (9) 

 
where 
 

1

0

33
4.9 ( )E

z
  

 
1

1 0.375 /
t

s

B
h L




 

 

where 0z  is the effective height, h  is the total tower height;   is power law 

exponent;   is surface drag coefficient and sL is turbulence scale. 

The calculation of WVC in EN 50341-1-2001 (2001) can be calculated as follows: 
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where h is the height above ground; 0z  is the ground roughness parameter. 

WVC in DL/T5154-2012 (2012) can be obtained from the following process. 
When the height of the tower is not more than 60 m, the wind load adjustment 
coefficient can be obtained from Table 6 and the whole tower adopts a uniform WVC, 
when the height of the tower is more than 60m, the value of WVC increases from 
bottom to top along the tower according to GB50009-2012 (2012). But its weighted 
average should be greater than 1.6, otherwise need to be adjusted. 

 
 
Table 6 Wind load adjustment coefficient 
 

Tower height H/m 20 30 40 50 60 

z 

single guyed 
tower 

1.0 1.4 1.6 1.7 1.8 

other tower 1.0 1.25 1.35 1.5 1.6 

Footnote: (1) According to the linear interpolation method to calculate the median; (2) 
For the self supporting tower, the value is only for that with the ratio between height 

http://www.baidu.com/link?url=3ExB3xblLfzlI0gaeLxmi-K2v4xEsRBLknMlrY62jSCfjW8uxYLm3daGyAwNa9a9QO2Qeb-jXcpsFDIvnSLdsCFHXGzavNM9iadTHWuN7caW0cX2RA_HCMYjOjljDhm3


and root in 4 ~6. 
The WVC in GB50135-2006 (2007) is the result of further simplification to the 

Calculation process in GB50009-2012 (2012) according to the characteristics of the 
high-rising structure. 

Due to the width of the structure in the windward is not so large, the height is the 
only variable in the expression of the WVC:  
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Write Eq. (11) as below: 
 

211  z                               (12) 

 
Where 
  is the fluctuation amplifying coefficient; 

1  is the fluctuating wind pressure and wind pressure height influence coefficient; 

2  is the vibration mode and the structure shape influence coefficient. 

 
5.2 Calculation result 
WVC adopts a uniform value along the height according to ASCE No.74-2009 

(2009). The calculation result is shown in Table 7. 
 
 
Table 7 WVC in ASCE No.74-2009 
 

h/ft     0z  sL /ft E  tB  tG  

175.52 0.005 7 117.02 220 0.29 0.76 1.18 

 



The result of WVC in EN 50341-1-2001 (2001) is shown in Tabe 8. The terrain 

category is Ⅱ and ground roughness parameter 0z  is 0.05 in this code.  

 
 
Table 8 WVC in EN 50341-1-2001 
 

h /m 0z  qG  

53.5 

0.05 

1.76 

50.5 1.77 

48 1.77 

42.88 1.79 

37.75 1.81 

27.25 1.85 

18.25 1.92 

10.75 2.03 

4.15 2.30 

2.075 2.60 

 
 
The calculation result of WVC in GB50135-2006 (2007) is shown in Table 9. For 

guyed tower, the ratio between top and bottom width is greater than 1, the value of 2  

is calculated with the ratio of 1.  
 
 
Table 9 WVC in GB 50135-2006 
 

height     

53.50 

2.66 0.52 

1.00 2.37 

50.50 0.94 2.30 

48.00 0.89 2.23 

42.88 0.80 2.10 

37.75 0.70 1.97 

27.25 0.50 1.70 

18.25 0.34 1.47 

10.75 0.20 1.28 

4.15 0.07 1.11 

2.075 0.04 1.05 

 
 

Based on the linear interpolation method, a uniform WVC is adopted along the 

whole height according to DL/T5154-2012 (2012). The value of   is 1.735 here. 

The calculation result of WVC of single guyed tower and transmission tower line 
system by time history analysis is showen in Table 10 and Table 11.  


1 2 



Table 10 WVC of single tower 
 

height/m weight/kg ( )z /m·s
2
 s  z  0 /N·m

2
 ( )ZA z /m

2
   note 

53.5 72.86 0.7 1.30 1.71 456 0.58 1.19 -- 

50.5 637.43 0.54 1.30 1.68 456 3.35 1.23 
position of cross 

arm 

48 1047.15 0.46 1.30 1.65 456 4.51 1.24 
position of cross 

arm 

42.875 706.99 0.33 1.30 1.59 456 2.77 1.20 position of guy 

37.75 494.36 0.33 1.30 1.53 456 2.55 1.16 position of guy 

27.25 519.33 0.63 1.30 1.38 456 2.92 1.30 -- 

18.25 449.21 0.76 1.30 1.21 456 2.52 1.41 -- 

10.75 366.62 0.65 1.30 1.02 456 2.08 1.42 -- 

4.15 222.98 0.34 1.30 1.00 456 1.28 1.22 -- 

2.075 94.99 0.21 1.30 1.00 456 0.54 1.14 -- 

 
 

Table 11 WVC of transmission tower line system 
 

height/m weight/kg ( )z /m·s
2
 s  z  0 /N·m

2
 ( )ZA z /m

2
   note 

53.5 72.86 0.35 1.30 1.71 456 0.58 1.10 -- 

50.5 637.43 0.28 1.30 1.68 456 3.35 1.12 
position of cross 

arm 

48 1047.15 0.24 1.30 1.65 456 4.51 1.13 
position of cross 

arm 

42.875 706.99 0.18 1.30 1.59 456 2.77 1.11 position of guy 

37.75 494.36 0.18 1.30 1.53 456 2.55 1.09 position of guy 

27.25 519.33 0.52 1.30 1.38 456 2.92 1.25 -- 

18.25 449.20 0.58 1.30 1.21 456 2.52 1.32 -- 

10.75 366.61 0.43 1.30 1.02 456 2.08 1.28 -- 

4.15 222.98 0.17 1.30 1.00 456 1.28 1.11 -- 

2.075 94.99 0.10 1.30 1.00 456 0.54 1.07 -- 

 
 
The calculation result above studies is shown in Fig. 8. The result indicates that 

the value in EN 50341-2001 and DL/T5154-2012 is mare than that of time history 
analysis and is relatively conservative; the value on one third of the hejight of the tower 
in GB 50135-2006 tends to insecure and the rest is also conservative compared with 
the result of time history analysis; The value in ASCE No.74-2009 is close to that of 
time history analysis but is uniform and relatively unsafe. 

Meanwhile, the comparison of WVC between single tower and transmission tower 
line system is shown in Fig. 9. The result shows that the value of single tower is more 
than that of transmission tower line system. 
 



 

 
Fig. 8 Comparison of WVC 

 
 

 

 
Fig. 9 Comparison of WVC 

 
 
From the analysis results of single guyed tower, the change of WVC of guyed 

tower is relatively uniform along the height, but has mutations in the position of the 
guys, because the shape of the guyed tower is very different from that of traditional 
self-supporting tower. Under the restraint of the guy, the WVC is reduced and changes 
slowly near the position of the guy. In the cross arm where the quality and wind area 
are constrated, the value of WVC is influenced by guys and becomes tiny, but is more 



than that at the top of the tower. The max of WVC appears in the position of 10～20 m, 

where the wind vibration force is significantly greater than that in other parts of the 
tower. Thus for guyed tower with reverse size, the WVC has a difference in the current 
code, which cannot accurately reflect the change of WVC along the height of such 
structure. 

The result of time history analysis of transmission tower line system shows WVC 
of the transmission tower line system is smaller than that of the single tower at the 
same height. However the same as single tower, max of wind vibration force appears is 
at one third of tower height below the guy and max of WVC is 1.32. Therefore, the 
conductor and ground wire have a weakening effect for the wind-induced vibration 
response of guyed tower and thus WVC that is obtained according to the result of 
single tower can meet the designing demand. 

 
6. CONCLUSIONS 

 
This paper established the guyed tower model by SAP2000 and AR method is 

used to simulate the random wind dynamic loads based on object-oriented 
programming language. Then the simulation of wind load applied on guyed tower as 
the input for nonlinear time history analysis and the main conclusions are as follows: 

 The bottom of the guyed tower is inverted cone, which is easy to lead to 
torsional deformation of the structure along the height direction, so it should be paid 
attention to increase the torsional stiffness of the bottom of the tower. Besides, more 
likely transversal first order bending vibration appears for the guyed tower. In 
addition, due to the coupling effect between the conductor and the tower, frequency 
of the same mode is reduced and period is increased. 

 The time history analysis result of transmission line shows that the conductor 
and ground wire have a weakening effect for the wind-induced vibration response of 
guyed tower and the value of WVC is reduced. So it is realistic to adopt the 
transmission line model for analysis. 

 The WVC has been calculated and the value of design has been recommended 
in this paper. Using time history analysis method to evaluate the wind resistance of 
guyed tower can yet be regarded as a relatively accurate method. 
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