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ABSTRACT 

 

This paper addresses the gust response factor (GRF) of a transmission tower under 

the typhoon. Based on the structural health monitoring system installed on tower #32, 

the measured GRFs under the super typhoon Mangkhut are calculated. Then, the finite 

element model of the transmission tower-line system is established to simulate the 

dynamic response to further calculate the GRFs, which agrees well with the field 

measurements. Both the field measurement and simulation results show that the GRFs 

under the typhoon are larger than those under the synoptic wind and that the 

recommended GRFs in the Chinese standard underestimate the peak responses. 

 

1. INTRODUCTION 

 

The gust response factor (GRF) approach proposed by Davenport (1992) is widely 

used in most current building design codes and standards for the along-wind response 

(Chen and Kareem 2004). The GRFs of transmission towers in most current standards 

are recommended under the synoptic wind (i.e., the conventional atmospheric boundary 

layer wind), and many of the towers that were designed according to these standards 

still collapsed under the nonstationary wind (i.e., the typhoon and downburst) 

(Aboshosha et al 2016). Consequently, it is necessary to further investigate the GRFs of 

transmission towers under a nonstationary wind loading. 

 

Many pioneers have made efforts to perfect the GRF method (Simiu 1976; Vellozzi 

and Cohen 1968; Vickery 1970). In addition to theoretical analysis, only a few field 

measurements and model tests have been carried out to measure the GRFs of 
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transmission towers. Harikrishna et al. (1999) carried out a full-scale field experiment on 

a 52 m tall steel lattice tower, and the GRFs for the base bending moment and top 

deflection were evaluated using the measured structural response. The GRF values for 

the measured top displacement were observed to be much less than those obtained from 

different codes. The displacement was obtained based on the integral of acceleration, 

and errors in the GRFs were mainly caused by the insensitivity of accelerometers in 

measuring the background response in the low frequency region. However, the GRF 

values for the measured base bending moment were found to be comparable to those 

obtained from different codes. The use of a reduced geometric model scale in wind tunnel 

experiments creates the problem of scaling principles for both aeroelastic models and 

atmospheric flows. Hua et al. (2014) investigated the correction of experimental GRFs 

due to the mismatch in the turbulence integral length for the wind tunnel experiments via 

the aeroelastic models with large geometric scales, and a set of correction coefficients 

defined in terms of the modal damping ratio and frequency ratio were developed. 

 

The GRFs of transmission towers under the synoptic wind have been addressed 

comprehensively, while the GRFs under the nonsynoptic wind need to be further 

discussed. In addition, the field measurement is of great importance to validate the 

reliability of numerical simulation. This study only deals with the along-wind responses, 

and it needs to be clarified that the crosswind responses of transmission tower is also 

very important (Xie et al 2017). 

 

2. DEFINITIONM OF GRF 

 

Based on the random vibration analysis, the GRF formulation can also be derived 

from (Kareem and Zhou 2003) 

 

 ( )1 2z Vβ gI z B R= + +   (1) 

 

where g  denotes the peak factor; ( )VI z  is the turbulence intensity at the reference 

height z  ; B   and R   represent the background and resonant components, 

respectively. According to Eq. (1) and some simplification, the practical calculation 

methods of the GRF are presented in different codes and standards (ASCE-No.74 2010). 

While the existing standards only consider stationary winds, nonstationary winds (such 

as those caused by typhoons, downbursts or hurricanes) have not been considered. 

Because the turbulence intensity of nonstationary wind is generally greater than that of 

stationary wind, the GRFs under the nonstationary winds must be larger than the 

specified values in the standards. Thus, it is necessary to address the GRFs of 
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transmission towers under the nonstationary winds. 

 

The wind loads acting on structures under the stationary winds have been treated 

traditionally by the GRF method in most major codes and standards around the world. 

Based on the theory of stationary random vibration, the peak displacement response at 

a reference height, h, equals 

 

 ( ) ( )ˆ
YY h Y h g= +   (2) 

 

where ( )Y h  is the mean displacement response, and Y  represents the root mean 

square (RMS) of the displacement. The GRF, which is defined as the ratio of the peak 

load effect on the structure or wires to the mean load effect corresponding to the design 

wind speed, can be expressed by 

 

 
( )

( ) ( )

ˆ
1 Y

Y h g

Y h Y h


 = = +   (3) 

 

The GRF based on the acceleration results yields 
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where g   is the peak factor; ( )m z   denotes the lumped mass at altitude z  ; a
  

represents the RMS of acceleration; 
s
μ  is the drag coefficient; 

z
μ  denotes the wind 

pressure exposure coefficient, which modifies the basic wind speed for various heights 

above the ground and for different exposure categories; 
0

p  is the basic wind pressure 

at an altitude of 10 m; and ( )A z  is the structural projected area. 

 

 

3. Wind speed simulation of typhoon events 

The total wind speed is the sum of the mean and fluctuating wind speeds. The mean 

wind speed of the synoptic wind as a function of altitude can be described by the following 

power-law wind speed profile: 
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where V10 is the basic wind speed representing the mean wind speed over 10 min at an 

altitude of 10 m, and   is the power-law exponent. 

 

Some methods that numerically generate fluctuating wind speeds have been 

proposed, and the harmonic superposition method (Shinozuka and Jan 1972) adopted 

here has the advantage of high accuracy (Fu et al 2015). The Davenport spectrum 

(Davenport 1961) is recommended by the Chinese standard: 
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where *u  is the surface shear wind speed and f  is the fluctuation frequency. 

 

The Shiyuan spectrum is used herein to simulate typhoon events: 
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where K is the ground roughness coefficient. 

 

The fluctuating wind speed data can be calculated by (Zhang et al 2013) 

 

 ( ) ( ) ( )
1 1

2 cos
i N

i il k k k il k lk

l k

V t H t     
= =

=  − +     (9) 

 

where i denotes the calculation point numbers; N represents the number of divided 

frequencies; Hil means the lower triangular matrix of spectral density matrix after the 

Cholesky decomposition; il  is the argument of ( )H  ; and lk  implies the uniformly 

distributed random numbers in [ 0  , 2  .. The remaining parameters and the detailed 

simulation process can be found in Ref. (Zhang et al 2013). 
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The total wind load can be calculated by 

 

 ( ) ( )2 / 2
a s a a

P t A V t =   (10) 

 

where ( )aV t  is the total wind speed and a  represents the air density (1.235 kg/m3). 

The drag coefficients of transmission tower are determined based on the standard 

(DL/T5154-2012 2012). 

 

 

4. CASE STUDY 

4.1 FEM of transmission tower-line system 

A real operational transmission line is employed, with the exposure category of type 

B. The transmission conductor and ground wire types are LGJX-240/30 and GJX-50, 

respectively. The insulator string is FC70P/146, with a total length of 1.8 m and a mass 

of 26.46 kg. The ANSYS software is used to build the finite element model (FEM) of the 

transmission tower-line system, as shown in Fig. 1. The BEAM188 element is used to 

simulate the tower member, and the transmission line and insulator string are modeled 

via the LINK180 element. 

 

 

Fig. 1 FEM of the transmission tower-line system 

 

4.2 Field measurements during super typhoon Mangkhut 

A structural health monitoring (SHM) system was installed on tower #32, as shown 

in Fig. 2. Sixteen strain sensors and three accelerometers are mounted to measure the 

tower response, and an ultrasonic anemometer is used to measure the wind speed and 

direction. To eliminate the shielding effect of tower itself on the anemometer, a special 

support was designed to keep the anemometer as far away from the tower as possible. 
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Fig. 2 Structural health monitoring system of tower #32 

 

The dynamic responses of tower #32 under the super typhoon Mangkhut were 

recorded. The wind speed and direction of typhoon Mangkhut are plotted in Fig. 3. The 

transmission line direction is 29° north by east, and the wind direction at 0 degrees 

denotes north and increases clockwise. During the Mangkhut making landfall, the 

maximum gust wind speed reached 42 m/s, and the wind speed gradually decreased to 

0 at approximately 1700 UTC on 16 September. The wind direction was stable at 35° 

north by west at first, and then the wind speed changed sharply, being stable at 30° south 

by east. The wind direction changed approximately 180°, indicating that the typhoon eye 

passed over tower #32 during this period. 

 

 
Fig. 3 Time history curves of the wind speed and wind direction of typhoon Mangkhut 

 

At approximately 1700 UTC on 16 September, the wind direction changes 

dramatically, and the corresponding data are eliminated to reduce the errors due to 

stationary assumption. All of the measured data are divided into 10 min for each group, 

and then the GRFs are calculated based on Eq. (4), as shown in Fig. 4. At low wind 

speeds, the influence of the wind speed on the GRF is inapparent; at high wind speeds, 
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greater than 10 m/s, the larger wind speeds lead to greater GRFs. The influence of the 

turbulence intensity on the GRF is very obvious with a higher turbulence intensity leading 

to a greater GRF. In addition, the GRFs in different tower positions are different, and a 

higher position results in a larger GRF. Given the Chinese standard (DL/T5154-2012 

2012), the GRF of this tower should be 1.29, which is smaller than the measured results. 

 

  

(a) Influence of the mean wind speed (b) Influence of the turbulence intensity 

Fig. 4 GRFs in the transverse direction calculated based on the field-measured data 

 

4.3 Numerical validation 

In the field measurements, the wind speed and wind direction are uncontrollable, 

and only the measured data can be analyzed, which has many limitations. Thereby, the 

analysis of many other conditions that have not been measured depends greatly on the 

numerical simulation. In this subsection, the GRFs of tower #32 are calculated based on 

the numerical simulation, which is then validated by comparing with Fig. 4, providing the 

basis for the parametric analysis in the next section. 

 

The basic wind speed is 15 m/s, and the fluctuating wind speeds are generated via 

both the Davenport and Shiyuan spectra. By applying the wind loads on the FEM, the 

dynamic response is then calculated. Fig. 5 displays the time history curves of the tip 

displacement for tower #32 under both synoptic and typhoon winds. The mean 

displacements are very similar, while the RMS of displacement under the typhoon is 

larger than that under the synoptic winds, indicating that the GRFs under the typhoon 

must be greater. 
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Fig. 5 Tower tip displacements of tower #32 under typhoon and synoptic wind 

 

The simulated turbulence intensities of the typhoon and synoptic wind are 0.1796 

and 0.1074, respectively, and are located at the lower level of the measured results. To 

better reflect the GRFs at the similar turbulence intensity level of numerical simulation, 

the measured GRFs with the two smallest turbulence intensities (17.38% and 16.06%) 

are selected for comparison with the simulation results. Fig. 6 shows the comparison of 

the GRFs between the numerical simulation and field measurements. The Chinese 

standard recommends that the GRF takes 1.29 for this employed tower, which is much 

smaller than both the simulated and measured results, indicating that the Chinese 

standard underestimates the gust response effect of the employed transmission tower. 

Meanwhile, the GRFs under the typhoon are larger than those under the synoptic wind, 

and the main reason is that the turbulence intensity of typhoon is larger. In addition, the 

simulated GRFs under the typhoon are located among the field measurement results for 

the higher altitudes, demonstrating that using the numerical method to estimate GRFs is 

feasible. 

 

 

Fig. 6 Comparison of GRFs between the numerical simulation and field 

measurements 
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5. SUMMARY AND CONCLUSIONS 

 

In this paper, the measured GRFs under the super typhoon Mangkhut were obtained 

according to the SHM system installed on tower #32. Then, the FEM of transmission 

tower-line system was established to simulate the dynamic response to further calculate 

the GRFs, which was then validated by being compared with the field measurements. 

The conclusions drawn from the whole paper are summarized below: 

 

1) The GRFs under the typhoon are larger than those under the synoptic wind, and 

the main reason is that the turbulence intensity of typhoon is greater. 

2) The recommended GRF in the Chinese standard is much smaller than both the 

simulated and measured results, indicating that the Chinese standard 

underestimates the gust response effect on a transmission tower, which needs 

to be further improved. 
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