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Abstract. Tower falling down or wire breaking caused by natural disasters is a serious threat to the 
safe operation of power transmission lines. To improve repair efficiency and quality of overhead 
transmission lines in the case of disasters and incidents, this paper designed a rapidly assembled 
pole and tower system, which is in light weight and is easy to be assembled, for 1000kV UHV 
transmission lines. Moreover, it also put forward an optimization plan for structure of the repair 
tower. The calculation method and new structures specifically proposed by this project for 1000kV 
transmission lines can meet the needs of repair works of transmission lines of different voltage 
levels of cross-region power network, and they are of great significance to the construction of 
strong and smart power network.. 

Introduction 

The repair tower is temporary rush-repair equipment, which can be rapidly installed to replace the 
damaged permanent tower. Usually bad weather or other natural disasters will make the 
transmission tower fall down, which spontaneously leads to power blackouts. Therefore, repair 
work is immediately required. The repair tower will be temporarily used to substitute the collapsed 
permanent tower so as to restore power as soon as possible. When repair works of the permanent 
tower are completed, wires will be transfered from the temporary repair tower to the new permanent 
tower, and the dismantled repair tower will be kept for next use. Since the repair tower is designed 
for emergency wrecking, it should be in a fine shape, a light weight and have a strong bearing 
capacity, and it should be able to reach the desired height only through a few guy wires and can 
carry large loads in different weather conditions. Thus, with a repair tower, a timely response of 
unexpected power failure can be made at that very instant, and corresponding losses can be 
minimized. 

Structure Form of the 1000kV Repair Tower 

The 1000kV UHV transmission line is now the highest voltage transmission line in the world. Its 
tower structure is very high and has a heavy load, and its tower components are large in size and 
heavy in weight. Moreover, falling down of those towers usually occurs in severe weather 
conditions in the mountainous areas where the terrain condition is poor, and transportation is 
difficult. In this case, if an accident of tower falling down happens, restore of the power line is very 
difficult to carry out. Based on requirements, such as reutilization, quick and efficient transportation 
and assembly of the repair tower, this paper designed a modularized guyed tower as the repair tower, 
which reduced the structural weight to the largest extent, and had an easy way to transport and 
assemble standard sections of the repair tower. The Schematic Diagram of the Repair Tower is 
shown in Fig.1(a) is the standard segment, which is installed according to requirements of tower 
height. Thanks to the standardized design, those segments can be connected end to end, without 
orderly assembly. The overall schematic is shown in Fig.1(b). 
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members, it is necessary to study arrangement forms of diagonal members and optimize 
corresponding aspects. 

 
(a)        (b)        (c)   

Fig.2 Arrangment Forms of Different Types of Diagonal Members 

In Fig.2, it lists the scheme of arrangement forms of several standard sections. a is the 
arrangement form of diagonal members whose stability bearing capacity is calculated by the 
smallest axis of 1meter, b is the arrangement form of diagonal members whose stability bearing 
capacity is calculated by the parallel axis of 1meter, and c is the arrangement form of diagonal 
members whose stability bearing capacity is calculated by the parallel axis of 2 meters. The tower 
of the largest load in this project, i.e. the montanic strain tower of the second type will be used as an 
example for trial calculatiom. The results of trial calculation are listed in Table 2. 

Table 2 Calculation Results of the Montanic Strain Tower of the Second Type 
Arrangment of 

Diagonal Members 
Weight of Standard 

Section[t] 
The Guy 

Wire 
Main  

Specification
Stress Ratio

Type of 
Stability Control 

Control 
Conditions 

The Smallest Axis of 1 
m 

0.485  
Two 

Layers 
200x18 91.20% 

Single Column 
Stability 

90°Wind

The Parallel Axis of 
1m  

0.435  
Two 

Layers 
180x18 89.40% 

Single Column 
Stability 

90°Wind

The Parallel Axis of 2 
m 

0.555 
Two 

Layers 
200x24 74.70% 

Single Column 
Stability 

90°Wind

 
It can be seen from the table that the specification of the main material which adopts the 

arrangement form of 1 meter parallel axis is smaller than that of the main material which adopts the 
initial arrangement form of the smallest axis of 1meter, and the weight of the standard section 
decreases about 10%.  

Economic Analysis of the Material 

In order to further reduce the weight, and for easy transportation and installation, high-strength 
aluminum alloy and conventional angle steel are modeled, calculated and analyzed by this paper, 
and the optimal component materials are determined. The comparison of their weight of Q420 and 
7A04 are shown in Table 3. 

Table 3 Weight Comparison of 1000kV Tangent Tower Q420 and 7A04 T6 Aluminum 

Total Tower Height 
[M] 

Q420 7a04 
 (Aluminum - 

Steel) / Steel [%]Standard Segment 
Weight [Kg] 

Full Tower Weight 
[Kg] 

Standard Segment 
Weight[Kg] 

Full Tower Weight 
[Kg] 

67 352.2 30994 192.3 16922 45.40 
 
According to the calculation results, the specification and the internal forces of the main 

diagonal member which adopts angle steel are both smaller than that of diagonal member, which 
adopts steel aluminum. However, the weight of the main material in case of using angle steel is 
bigger than that of aluminum. In other words, to shorten time for transportation and installation, the 
lighter and stronger 7A04 angle aluminum should be employed as the repair tower material. 

27



 

 

Summary 

On the basis of design conditions, including terrain conditions and load conditions, this paper 
designed a rush-repair tower made of aluminum for the 1000kV UHV transmission lines. Findings 
and conclusions of this paper are as follow: 

(1)It designed a special modular rush-repair tower and pole structure for 1000kV transmission 
line tower; 

(2)It carried out an optimizing design of the structure of the rush-repair tower; 
(3)The trial calculation results show that the weight of the tower made by new aluminum 

material 7A04-T6 is 45.40% lighter than that made of Q420. 
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