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Abstract - Recent incidents of transmission tower collapses due to extreme weather events such as powerful hurricanes and
tornadoes have been on the rise globally. In response, this study aims to ensure stability of transmission towers under extreme
environmental conditions. Using Ansys 2024 R1, a structural analysis model comprising 1,108 beam elements was constructed,
and galloping phenomena were simulated using fluctuating wind speed data. The simulation revealed a maximum displacement
of the transmission line at 6.28 meters, indicating inadequacy of the current standard clearance distance criterion. Additionally,
under extreme conditions, the maximum deformation of transmission towers increased by approximately 6.34 times compared
to standard design criteria, with an approximately, 7.5 times increase in axial load and a 65.81% decrease in safety margin. These
findings underscore the necessity for new design criteria to enhance the structural stability of transmission towers under extreme
weather conditions. The proposed structural analysis and stability evaluation method presented in this paper are anticipated to
contribute significantly to the improvement of durability and stability in future transmission tower design.
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Table 1. Standard clearance distance for 154 kV transmission

towers
Standard Clearance Distance [mm]

A 4,100
B 3,200
C 3,700
D 3,200
a 2,500
b 6,100
c 6,100

Table 2. Types of principal members in transmission towers

Member Sec‘t}io)r(l }?}))(etcéillcrit]ions
1 Main 200 x 200 x 25
2 Compression 100 x 100 x 7
Auxiliary 90x90x6

Table 3. Material properties of SS400 steel

Properties SS400
Density 7850[kg - m*]
Poisson’s Ratio 0.33
Modulus of Elasticity 200[GPa]
Yield Strength 250[MPa]
Tensile Strength 400[MPa]
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Fig. 1. Structural analysis model of 154 kV transmission tower
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Fig. 2. Standard clearance distance for 154 kV transmission
towers
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Fig. 3. Structural analysis model of transmission tower with
L-shaped section
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Table 4. Boundary condition of structural analysis

Boundary Load[N]
Condition Normal | Extreme

Self Weight of
Transmission Tower

Wind Load on Overhead
Ground Wires

Wind Load on
Transmission Lines

Lateral Wind Load on
Transmission Tower

350,520

11,813 135,510

45,811 298,570

448,000 2,737,300
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Table 5. Improved clearance distance for 154 kV transmission

towers
Standard Standard [mm)] Improved [mm]
A’ 4,100 4,100
B’ 3,200 3,200
c’ 3,700 3,700
D’ 3,200 3,200
a’ 2,500 3,000
b’ 6,100 6,600
[ 6,100 6,600
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C: general

Total Deformation

Type: Total Deformation
Unit: mm

Time: 0.26316
2024-05-30 2% 1240

- 328.09 Max
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255.18
21873
182.27
145.82
109.36
72.909
36455

- 0 Min

(a) Normal condition

D: Galloping
Total Deforration
Type: Total Deformation
Unit: mm

Time: 0.25 s
2024-05-30 2% 3.4

20821 Max
18508
16194
13881
1156.7
925.38
694.04
1 462.69
231.35
0 Min

(b) Extreme condition

Fig. 9. Analysis results of maximum deformation in
transmission towers
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Fig. 11. Analysis results of axial load on transmission tower
arms
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Table 6. Analysis results of axial load on transmission tower

arms
Load Compression [N] Tensile [N]

Normal 5,618 4,984

Extreme 42,097 37,360
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Table 7. Safety factor results for compressive load on
transmission tower arms

Condition Normal | Extreme
Allowable
Buckling Load 154.45[kN]
Safety Factor 27.48 | 3.66
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Fig. 12. Analysis results of maximum combined stress in

transmission towers



Table 8. Yield strength of members and safety factor of
transmission towers

Normal Exteme
Combined Stress [MPa] 80.668 234.57
Safety Factor 3.09 1.07
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