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Seismic Performance Evaluation and a Comparative Study on the Design
Wind and Earthquake Loads for Power Transmission Towers
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Abstract

In this study 24 power transmission towers were selected by considering various variables such as power transmission
capacity, height and structural type to evaluate their seismic performance using the standard design response spectrum recently
announced by the government. In addition, the stresses and sectional forces generated by the current design wind loads and
revised seismic ones were compared to review the effects on the design of power transmission towers when the government-
required seismic standards were raised. The results of seismic performance evaluation for the target power transmission towers
showed that they had seismic capacity of 0.31~0.91g, and that they met the level of the earthquake-resistant special grade,
which is the 2,400-year earthquake return periods and secured seismic safety. Further, the sectional forces caused by
earthquakes in the towers were 33~82.5% of the ones due to wind loads, and it was also confirmed that the design wind loads
were more dominant than design earthquake ones under the elevated seismic standards.
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Fig. 1.  Numerical analysis models of transmission towers.
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Table 1
Power transmission towers subject to seismic capacity evaluation
. Weight of
Order Types Hal;lg)ht insulators Remarks
(kgf)
1 125
2 Aas-32P 112 .
3 99 1,567 Straight
4 Ab2 116.6
5 765 kV 118
6 Ba-32P 99
7 38 5,652 Angle
8 XCa 109
9 79.3
10 A2 68.3 565 Straight
11 . 54.3
12 R g5y 79.3
13 B2 72.1
14 551 1,350 Angle
15 C2 70
16 62.3
17 A2 48.3 165 Straight
18 38.3
19 69.1
20 154 kV Ba2 52.1
21 401 440 Angle
22 Cc2 39.1
23 Tubular A2 52.7 165 Straight
24 C2 52.7 440 Angle
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Table 2
Mode analysis results of transmission towers.
. Natural
Order Types Height frequency(Hz)
(m) 1st 2nd
1 125 0.591 0.609
2 Aas-32P 112 0.628 0.652
3 99 0.671 0.702
4 Ab2 116.6 0.585 0.612
5 765KV 118 0.679 0.708
6 Ba-32P 99 0.752 0.796
7 88 0.795 0.848
8 XCa 109 0.815 0.851
9 79.3 0.768 0.790
10 A2 68.3 0.844 0.876
11 Lattice 54.3 0.939 0.987
12 345 kV 79.3 1.044 1.073
13 B2 72.1 1.121 1.160
14 55.1 1.195 1.321
15 C2 70 1.272 1.317
16 62.3 0.935 0.958
17 A2 48.3 1.067 1.107
18 38.3 1.212 1.280
19 69.1 1.186 1.205
20 154 kV Ba2 52.1 1.373 1.410
21 40.1 1.585 1.654
22 C2 39.1 2.057 2.149
23 Tubular A2 52.7 0.520 0.525
24 C2 52.7 0.647 0.651
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Fig. 2. Design response spectrum.
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Fig. 4. Comparison of earthquake and wind load analysis results 1. (a)
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345 KV A2 type transmission tower (No.9). (b) 345 kV A2 type
transmission tower (No.10). (c) 345 kV C2 type transmission

tower (No.15).

Table 3
Seismic capacity of transmission towers.
Min. capacity and member

Order T Height Seismi
ypes (m) eismiccap. o

(g)

1 125 0.67 Bracing

2 Aas-32P 112 0.70

3 99 0.63

4 Ab2 116.6 0.39 .

5 765 kV 118 0.48 Hrtr)lrelrznobrzt:l

6 Ba-32P 99 0.49

7 88 0.46

8 XCa 109 0.43 Bracing

9 79.3 0.68

10 A2 68.3 0.67

11 Lattice 54.3 0.61

12 345 kV 79.3 0.61

13 B2 72.1 0.69

14 55.1 0.66

15 Cc2 70 0.31 Main

16 62.3 0.71 member

17 A2 48.3 0.78

18 38.3 0.70

19 69.1 0.70

20 154 kV Ba2 52.1 0.63

21 40.1 0.64

22 C2 39.1 0.57

23 A2 52.7 0.91

24 Mubular 2 52.7 0.88 Arm

CQC(Complete Quadratic Combination) ¥'H& Z-835}%th
ES, ARERF AR 100:40:40 HHS g5t Al 7HA|
234 % 2 3 A5k 197, AW A sEETes
AAsHET ARSES B Testar

. W57 Azt

YAg5H7 25 BE g AESS 4 031g (A
S U= AHo7 UE

2,400 AEF719] YWHESFHATY, s4x9rd o
A IS E 0.299g) A] AloE yRekAAde Fwst
At Ao A Fig 32 dEAA FYEE,
Table 32 T4t Fe=0] A5 HIL AE HolxT 9
t}. of7]A], BE WAAHSL §8-3golA stz ¢
LGS W, AskEo] o3t gegto T pirolA

BB M

2 ok
o
ot
oy
)
O

B. WAHSE7 23 84

AuHg A F 765 kv AL AAleH AL 34
S5kV 2 154 kvl A7 W50l 7P e 1
A2 e ol 345kv 9 154 kv FHo] AL F3A
thelo] L7l uhs 765kv Hge oA 9 583
go| 2 ZPWEA(STKT590)E ARg-ghol| whel, 765 kv Ag



Table 4
Comparison of sectional forces by earthquake and wind loads

Order Types Axial force(kN) Ratio
EQ. Wind (E/W)

1 1,309 2,683 0.487
2 Aas-32P 1,225 2,440 0.502
3 1,158 2,569 0.450
4 Ab2 1,276 2,513 0.508
5 765 kv 2,023 3,209 0.630
6 Ba-32P 1,910 3,008 0.634
7 1,846 2,827 0.730
8 XCa 2,670 3,502 0.762
9 551 1,396 0.395
10 A2 532 1,132 0.470
11 Lattice 507 693 0.732
12 345 kV 1,084 1,977 0.548
13 B2 1,049 1,823 0.575
14 996 1,813 0.549
15 Cc2 1,813 1,293 0.664
16 316 760 0.416
17 A2 301 616 0.489
18 297 528 0.562
19 598 1,189 0.503
20 154 kV Ba2 514 1,026 0.500
21 543 884 0.613
22 Cc2 1,004 1,293 0.777
23 Tubular A2 2,121 6,426 0.330
24 Cc2 17,340 21,024 0.825
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Fig. 5. Comparison of earthquake and wind load analysis results 2.
(a) Stress ratio according to the height of towers. (b) Axial force
ratio according to the height of towers.
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Fig.6.  The location of maximum stress of main member for the towers.

(a) 765 kV XCa type transmission towers. (b) 345 kV A2 type
transmission towers. (c) 154 kV C2 type transmission towers

80

FEFOIA AsS g0l ol 27 Al Hop 53 9
sgol A el glou, Holggo] FAskeE FFA
ﬂ-‘%oﬂ Hlsf A2 ?7}01131 ol Y e ool 2

A oA 59 ”%OE A3 LFFIHoIM A 5HF0] 5t
v_‘iﬁ‘r Z 883 =Yo] et Zog wd.

3 Fig 5(a)= dHExEcld W& FFA &5k o
] A Wskgol ofet SHHIE, Fig. 5(b)= S35 v A4
Stgol ofgt H¥2 vuet 18e HoF Sk

B. 7374 sheRiol g

FFA T 7P & dHEo] 8ok He I F
shkoll A Fots el AR5kl siA LY== XA
“H g dwg HE UEhl 9, Table 42} T} Table 4074
E 4 AUe Het Zo] HeolA ARl o5t T Fof
Zol gt 3ol 33~825%Z UEHFoH, 5t $48F
4 fARE 2019 g Ftole @43 FE9Ed WEE E
HollA gHge] v7t o & AL & & Stk

olgfgt Ait= i FHY sixxo] Fsksol H
2 oFst FY X HolH, X|HsHE0e] B
Ad o jEeAAS7E n A8 EWOH“‘”" 7‘0&%‘
Ag AA Al AA Foksel diste] hdstEs
AMEL WZI7]E] o3t AR Zo] dfiAE OJXJEJ Ao
2 4ES UWE & ok

I

2IE Bgo R, qEAQ 7Y =5
Xﬂoﬂﬁ«l A5 TAYAE UErH, Fig. 63 & dut
Aoz FFA stEFoM FAHo] 7 A Y=Y,
FEA ©Ho] R TS FopA|7] miil|, F5
Aol dro] WMAEE AFAM Sl A Usue
e Bl = Sdee € AUtk B 2% HEOM=

AR89 Al @%‘lﬂrOﬂH Hole8 LAAATE et

N

p

%

ELEERE:

A

=)

K
o rx
4

1

2 g

V. 3g
B ERoAL A ROl AN E2EA SHA
HEYS o83l 548, kol U FxEUe] e A
2
H



HzZ Uebgth wheba], dgo] “Xl?%t— ARkl AHkx
% 719et Zol7t 20 m o]l Hal Sk X|wH(S4) X
o] AZlskFo] £t Ao=R UrE}‘;b:}.

(2) ﬂ%} %d_%‘E-OJ WAARSE7F 43 0.31~091g2] Y

A A

5= e ALE UEY, 24008 AEF7]9]
HUESS T_E(xml;t@q, S4A2A,  FHHANTIESE
0.299g)S A3lol= 5 AFRASAAIYR ] AFE WHr|E

AE IS SRt 9l Aow ehdt.

(3) Quky o] AL, 765 kv Tugy 2 3
Sejo] e AAjel S0l 345 kv B 154 kv
Ao ZghSeo] SAystech B,
3 gl uls Walgsol 27 vehgon,
Sejo] AT

@) Agold AAo] o T FaE
9] 33~82.5%F UEIHon, 5d% $4E8F L
olo] gt ol BB Wl F/AN
go] w7t o 2 Ao BRIFT. metd, By 44
M7 Fahgo] tfstel ehdstze AAHC A uf
7zl ofgt HAXA M E HHT Ao ARG
g 5 ot

—;—;]L_Q_
#9349 o
o] A

Ni
(T N oo

2
lo
ot

o
ot
Dad

g, <
rﬁ DR )

OP

’l_

o
T
s=

=

ACKNOWLEDGEMENT

This research was supported by Korea Electric Power
Corporation (Grant Number: R16SA06).
2 a7l AAYBAY 20169 AF FHATAL

THA| w1l ofsh A=A

(1
(2]
(3]
(4]
(5]
(6]

(7]
(8]
[9]

[10]

(11]

[12]

KEPCO Journal on Electric Power and Energy, Vol. 5, No. 2, June 2019

S (A Z: R16SA06).

REFERENCES

The Ministry of Construction & Transportation, "A Study on the Seismic
Design Criteria II," Dec. 1997.

Korea Electric Power Corporation, "Seismic Design Guidelines for
Transmission & Distribution Facilities,” May 2014.

Korea Electric Power Research Institute, “Seismic Design Guidelines for
Transmission and Substation Facilities,” pp. 73-100, Nov. 2001.

Japanese Electric Society, “Design Standards for Power Transmission
Towers (JEC-127),” 1979.

The Ministry of Interior & Safety, “Common Application of Seismic
Design Criteria,” Apr. 2017.

The Ministry of Trade, Industry & Energy, “Requests for Detailed
Revision of each Facility according to the Establishment of Seismic
Design Standards for Power Equipment,” Official Paper, Electric Power
Division-1688, 25-Apr. 2018.

Korea Electric Power Corporation, “Design Standard of a Steel Towers
for Overhead Power Transmission (DS-1111),” Sep. 2013.

Korea Electric Power Corporation, “Design Standard of Dip for
Overhead Power Transmission Lines (DS-1211),” Sep. 2013.

Korea Electric Power Corporation, “General Technical Specification of
Tower (GS-5445-0011),” pp. 8-9, Jul. 2017.

Korea Electric Power Corporation, “General Technical Specification of
Steel Pipe Tower for 765kV Double Circuit Transmission Lines (GS-
5445-0009),” pp. 37-38, Dec. 2014.

Jinwon Chang, Seungjun Kim, Jongsup Park and Youngjong Kang,
“Suggestion of Reasonable Analysis Model for Steel Transmission Tower
based on KEPCO Design Specifications,” Journal of Korean Society of
Steel Construction, Vol 19, No 4, pp. 367-381, Aug. 2007.

Hyosang Park, Duyduan Nguyen, and Taehyung Lee, “Seismic Facilities
of Bridges and Transmission Towers Considering Recorded Ground

Motions in South Korea,” Journal of Earthquake Engineering Society of
Korea, Vol 20, No 7, pp. 435-441, Dec. 2016.

81





