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ABSTRACT 

Thunderstorm downburst is responsible for the damage and collapse of numerous 
electric power transmission towers. A retrofitted deterministic-stochastic hybrid model 
(DSHM) method is utilized to achieve the stationary dynamic response of the 
transmission tower. A downburst simulator is experimentally set up with a high-
frequency base balance installed under the flat plate. A tube transmission tower for 
500kV electric power transmission system is manufactured with a scale of 1:500. The 
wind force of each segment is sequentially attained by measuring the base force of the 
cut towers. The location of the transmission tower is changed by varying the distance 
from the planar center of the tower and the center the downburst. Also, the rotation 
angle of the tower is changed in the experiment to study the varying of the wind force 
coefficients. The experimental study on the wind loading varying with the Reynolds 
number is conducted via an atmospheric boundary layer wind tunnel. The results show 
that it is more dangerous in case of that the tower is located at where is 0.6 Djet far 
from the center of the downburst. 

1. INTRODUCTION 

Thunderstorm downburst is a strong downdraft spreading form the center to 
periphery and occurs during the thunder weather (Letchford et al., 2002),. It is 
responsible for numerous failure incidents of transmission towers. Kanak et al. (2007) 
reported that at least 19 electric self-supported transmission line towers are damaged 
in South-Western Slovakia in 2003, where a downburst occurred. Xie et al. (2006) 
reported that 18 transmission line structures of 500 kV and 57 transmission line 
structures over 110 kV collapsed due to strong downburst events. This may due to that 
the design code is based on the atmospheric boundary layer wind by now. 
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Chay (2006) employed an analytical/stochastic method of simulating downburst 
winds to explore the quasi-static loading conditions. The results are presented in 
comparison to several existing transmission tower design codes. Darwish (2011) 
conducted a parametric study to determine the critical downburst configurations 
causing maximum axial forces for various members of a tower. The sensitivity of the 
internal forces developing in the tower’s members to changes in the downburst size 
and location was studied. Pan (2012) employed deterministic-stochastic hybrid model 
(DSHM) to characterize the effect of downburst on a 1000 kV transmission towers. EI 
Damatty (2013) introduced a procedure to account for the critical effects of downburst 
on transmission line structures. All these studies are mainly numerical. 

This study presents an experimental study on the wind loadings on the transmission 
line tower, by using a physical scaled model of transmission tower. A large diameter jet 
was built to conduct the experimental study. The wind loading coefficients are 
presented herein. Relationship between the loading and position were experimentally 
investigated. Further, a frame work is proposed to take into account the turbulent flow, 
and to achieve the dynamic response of the transmission tower. 

2. EXPERIMENTAL SETUP 

The downburst simulator, which is constructed based on the impinging jet model, is 
shown in Fig. 1(a). In this case, the jet diameter Djet=0.6 m, the jet height H=2Djet.
According to the design theory of the wind tunnel, the simulator incorporates four parts: 
Fan, diffuser, settling chamber and contraction. A transmission line tower is placed on 
the flat floor, on which a lot of roughness bricks are layered to simulate the ground 
roughness. A high-frequency base balance (HFBB) is installed under the bottom of the 
tower to measure the overall loadings of the tower, as shown in Fig. 1(b). The scale 
factor of the model is 1:500. The jet velocity is fixed at 11.7m/s。

(a) Simulator                                             (b) Transmission line tower
Fig. 1 Experimental setup. 
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Fig. 2 The relative coordinate system of the tower. 
In order to measure the downburst effects on the transmission tower, the tower was

cut into five parts sequentially. Thus, the loading of each part could be attained by 
subtracting the loading after the cutting from the loading before the cutting. Fig. 3
shows the photo of the transmission tower in each measuring procedure. Fig. 4 shows 
the first six modes of the tower, and the corresponding natural frequencies of prototype 
model are 1.1176 Hz, 1.1325 Hz, 1.7885 Hz, 2.6617 Hz, 2.8428 Hz and 3.8728 Hz 
sequentially。

(a) Geometry         (b)  Model 1 (c) Model 2 (d) Model 3 (e) Model 4      (f) Model 5 
Fig. 3 Transmission towers for test. 

                                               
(a) 1st mode    (b)  2nd mode    (c) 3rd mode       (d) 4th mode      (e) 5th mode      (f) 6th mode 

Fig. 4  The first six modes 

3. DOWNBURST LOADING COEFFICIENTS 

The wind forces in direction of x and y measured by HFBB could be normalized by 



2
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jet(0.5 )y yE F V S                        (1) 
in which xF , xF and M  is the base forces in direction of x and y respectively,   is air 
density, S  is the tower’s project area in y-z plane, jetV  is the jet velocity. xE  and yE  are 
therefore designated as wind loading coefficients.  

Figs. 4-8 illustrate the normalized base forces attained via HFBB. With 
consideration of the whole tower, it is found that the base forces would reach their 
maximum values while the tower is placed at where is about 0.6 Djet far from the center 
of the downburst. However, the site on which the base forces reaches its maximum 
changes with the models. This phenomenon indicates that where the horizontal wind 
velocity reaches its maximum (conventionally 1.0 Djet to 1.2 Djet, depends on the 
roughness of the ground) maybe not the most dangerous place for this tower, because 
the whole wind profile is more critical if one considers the whole loadings of a tower 
structure.  

In order to reduce the effect of Reynolds number, a new supplemented larger model 
with a scaling factor value of 1:145 was manufactured. The critical length in Reynolds 
number is the diameter of the maximum tube found in the tower. Two models were 
immersed into the ABL wind tunnel to process a HFBB approach. By varying wind 
speed, the wind force coefficients of the whole tower vary with Reynolds number, and 
the corresponding curve is shown in Fig. 10. Accordingly, with consideration of 
prototype model and o0  , the wind loading measured in direction of x and y should 
be multiplied by 0.75 and 0.65 respectively, because of a small scaling factor (1:500) 
and a low wind velocity in downburst testing.  
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 Fig. 4  Downburst loading coefficients of Model 1. 
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Fig. 5  Downburst loading coefficients of Model 2. 
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 Fig. 6  Downburst loading coefficients of Model 3.  
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 Fig. 7  Downburst loading coefficients of Model 4.  
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 Fig. 8  Downburst loading coefficients of Model 5.  

     
(a) 1:500                                                       (b) 1:145 

Fig. 9.  Test models with different scaling factors  
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(a) In direction of x                       (b) In direction of y
Fig. 10 Wind force coefficients. 

4. DYNAMIC RESPONSE 

According to DSHM (Chen 2004; Chen 2013), the wind speed,  ,U z t ,  in a 
microburst could be cast into 

     , , 1 ,U z t U z t z t                                                   (2) 

where   is the desired turbulent intensity, and  ,U z t  is the mean/non-turbulent wind 
speed at a height of z  at the instant t ,  ,z t  is a stationary Gaussian stochastic 
process with standard deviation of 1.0 and related to wind engineering spectrum. Note 
that this relationship holds for whole wind field. The relationship between the mean 
wind speed of the whole wind field and the jet velocity has a form of 

  jet, ( , )U z t z t V                                                      (3) 
where ( , )z t  is designated as wind field function. By substitution of Eq. (3) into Eq. (2), 
it yields 

  J, ( , )U z t z t V                                                         (4) 
where 

J jet (1 )V V                                                              (5) 

Then, one may imagine that the fluctuation of the wind velocity observed in the whole 
wind field at height of z  is caused by the fluctuating jet velocity, JV , which is 
correspondingly designated as the imaginary jet velocity 

Note that the fluctuation of wind velocity leads to a relative small change of 
Reynolds number. The independency of Reynolds number could be then assumed, 
which means it could be assumed that the quasi-steady assumption still holds. 
Subsequently, the downburst loading that embodies the fluctuation could be computed 
by  

2
J0.5x xF V SEF V SE0.5F V SE0.5F V SEF V SEF V SEF V SE         2

J0.5y yF V SEF V SE0.5F V SE0.5F V SEF V SEF V SEF V SE                                    (6) 
Thus, the average wind loading of each part of the tower has a form of  

2
J0.5xi i xiF V SEF V SE0.5F V SE0.5xi i xiF V SExi i xi0.5xi i xi0.5F V SE0.5xi i xi0.5F V SEF V SExi i xiF V SExi i xixi i xiF V SExi i xiF V SEF V SE         2

J0.5yi i yiF V SEF V SE0.5F V SE0.5yi i yiF V SEyi i yi0.5yi i yi0.5F V SE0.5yi i yi0.5F V SEF V SEyi i yiF V SEyi i yiyi i yiF V SEyi i yiF V SEF V SE                                 (7) 



where JiV varies with iz , the average height of the ith part of the tower, because  ,i iz t

varies with iz .

Consider the transmission tower is located at where is about 0.6 Djet far from the 
center of downburst, and it is subjected to a downburst integrated with turbulent 
component. Fig. 11 shows the corresponding displacement time histories of the top 
point of the prototype tower. Fig. 12 illustrates the maximum displacement response 
along the tower. For comparison, the static responses are also depicted in Fig. 12. It is 
found that the response would become larger if one takes into account the turbulence 
component of the flow. It is found the increment of the displacement response caused 
by the turbulence is larger while the radial axis x  is parallel to the transmission line, in 
comparison to the case that the radial axis x  is perpendicular to the transmission line 
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Fig. 11. Displacement time histories of the top point of the prototype tower ( =0o) 
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Fig. 12. Maximum displacement response along the tower 

5. CONCLUSIONS 

A frame work of computing the dynamic response of transmission tower that is 
subjected to downburst is proposed. The experimental study reveals that there exists a 
critical site on which the base force would reach its maximum. It relies on the height of 
the tower, and where the horizontal wind velocity reaches its maximum may not be the 
critical position. By using the retrofitted DSHM, the dynamic responses are obtained. In 
comparison to the static response, the dynamic responses are much greater, especially 
in case of that the radial axis is parallel to the transmission line. 
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