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Abstract :  In order to explore the applicability of the seismic design method of an ultra-high voltage (UHV) direct current (DC)
transmission line under construction under 9-degree seismic intensity, this study presents a spatial finite element
model for a UHV DC transmission line under 9-degree seismic intensity. The dynamic characteristics of the tower-line
system are analyzed, the results of different models and methods are compared, and the design bearing capacity of the
members are compared and studied. The results reveal that the lines significantly reduce the tower frequency and

provide seismic damping. However, neglecting the lines in seismic response calculations underestimates cross arm rod
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forces. Furthermore, it is observed that the internal force of each rod under seismic conditions is relatively small

compared to the design control internal force. This suggests that seismic effects are not the primary control factor in

transmission tower design. However, it is important to note that the internal force of seismic conditions accounts for

more than 80% of the design bearing capacity for the tensile members in cross arm and the angle steel column at the

slope transition zones of the tower body in the tangent tower and the tensile members in cross arm in the tension

tower. Therefore, it is recommended to consider appropriate reinforcement measures in these parts.
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Fig.1 DC line plan and profile diagram
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Table 1 Tower location information

W F s et 43E/

BEOBR EARK us#/m H/m om
N0239 #H&¥ 0 —7.2 78 —
N0240 wHsk¥% 4 28°18'16” 0 48 655
N0241 A &% 0 11.2 78 514
N0242 A Z%¥% 0 49.2 72 635
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Fig.2 The FEM of tower-line system
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Fig. 3 Transmission tower and key member

diagram (unit: mm)
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Table 2 Typical modal natural frequencies and modal characteristics of tower line system
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Fig.4 Acceleration response spectrum and standard

response spectrum of seismic waves
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Fig.5 Displacement time-history curves of tower top
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Table 3 The time-history analysis results of base

reaction force of the tangent tower N0242 kN
. B LAR FABEAL BREAEA
X5

6 y@ 27 xw yE 2 ®

149.0 117.7 1045.3 163.4 168.8 11828
B 114.7 212.8 866.3 130.9 225.6 999.3
C 178.9 165.2 789.6 185.6 191.0 924.9
D 1455 166.4 832.5 167.3 183.0 991.0
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Table 4 The time-history analysis results of base

reaction force of the tension tower N0243 kN
) WBARZAER B EAEA
R GF
x @) V1 26 o] y 1] 28]

A 222.2 2153 1080.7 244.8 319.0 1605.9
B 163.7 348.3 1221.8 251.9 359.6 1591.1
C 188.4 2984 861.5 323.2 346.8 1470.6
D 249.2  203.0 927.1 315.2 288.4 1548.2

Fig. 7 Comparison of internal forces between two models
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Table 5 The internal force ratio ¢, of key members of

the tangent tower N0242

Pl 7 Sy B 4 A R A RD b5 BB AR D g kL
6 5 13 6 $ AL T R 3 L OCHEAT 1R N T e B, Horp
AT VR g WL 3. S I i L 3 R A R R 5 B A
RUFFF P9 7 (006 e 5 B

@y Ry B PR T 2R A R AL b5 B B AR (R AR N T L
HARXAWT

F'l"l FCI) (1)

Fp” Fe,
T s Fopy T Fopg 239010 DA 3 24 AR 20 5 20 R0 B0 5 458 780 1 7%
B AT B RN HL T, F oy R F o 53 50 Ry B 26 44 22 A5 80
BB AR I AR 3T TR R R R T

DU A A 1A 2 B R R B B R AL B T AR AT LR
W, B IE A 5500 IAT 1 o /D T 1 T 5k 3% A 6606

gpl—max<

BE o %5 o BT o BT i
1 28 7 153 13 062 19 0.71
2105 8 098 14 072 20 0.79
3163 9 102 15 090 21 0.72
4 271 10 072 16 058 22 0.72

5 3.63 11 173 17 081 — —
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Table 6 The internal force ratio ¢, of key members of
the tension tower N0243

By o BT e BT o BT o)
1 0.67 6 1.38 11 1.25 16 0.96
2 0.66 7 1.43 12 0.74 17 0.82
3 1.49 8 0.94 13 0.88 18 0.70
4 0.96 9 0.73 14 080 — —
5 1.78 10 1.06 15 072 — —
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Table 7 Comparison of calculated base reaction force results of the N0242 tangent tower kN
A 5 B Tk B AR AT ok
BT B | AR | B EAR R AR
T V1 28] T y 1 28] Rao] Yy 28]
A 106.2 107.5 844.5 135.2 131.3 1150.3 149.0 117.7 1045.3
B 105.9 107.6 844.8 134.7 132.0 1150.7 114.7 212.8 866.3
C 106.1 107.5 844.8 134.7 132.4 1150.6 178.9 165.2 789.6
D 106.1 107.3 844.6 135.5 131.5 1150.4 145.5 166.4 832.5
RS NO243M KB EKR K AT HET L
Table 8 Comparison of calculated base reaction force results of the N0243 tension tower kN
P 5 MR & AR 5T &
BT BREAEEA | EREEA E2 S R
T Vil 21 z e V&l 2 1) T V&l 2 1)
A 132.0 136.2 601.7 307.9 309.3 1029.9 222.1 215.3 1 080.7
131.7 136.8 603.2 307.1 310.9 1027.0 163.7 348.3 1221.8
C 131.8 136.6 603.0 307.2 310.7 1027.0 188.4 298.4 861.5
D 131.9 136.4 602.0 307.9 309.0 1029.4 249.1 203.0 927.1
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Fig.8 Comparison of internal forces between two calculation methods
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Table 9 The internal force ratios ¢, and ¢; of key members of the tangent tower N0242
%5 (23 @3 %5 2 28 W P2 $s Gkl P2 s
1 0.34 1.91 7 0.62 1.13 13 1.24 1.88 19 1.04 1.56
2 0.87 1.46 8 0.83 1.15 14 0.83 1.72 20 0.94 1.37
3 0.57 1.01 9 0.74 0.99 15 1.95 2.90 21 0.78 1.11
4 0.96 1.16 10 1.26 1.78 16 1.28 1.97 22 0.69 0.80
5 0.78 1.02 11 1.22 2.11 17 1.01 1.57 — — —
6 0.66 1.17 12 0.74 1.91 18 1.12 1.40 — — —
E MRS EELA S,
F10 NO243MKIBX BT HR AL 0,05
Table 10 The internal force ratios ¢, and ¢; of key members of the tension tower N0243
Y5 @2 ?; o 22 ®s %% P2 @ %5 e s
1 0.86 1.20 6 0.64 1.60 11 0.53 1.45 16 0.68 1.38
2 0.69 1.17 7 0.52 1.28 12 0.86 1.72 17 0.73 1.58
3 0.55 0.83 8 0.67 1.91 13 0.64 1.81 18 0.99 1.93
4 0.64 0.93 9 0.96 1.82 14 0.67 1.56 — — —
5 0.96 1.55 10 0.53 1.68 15 0.84 1.70 — — —
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Fig. 9 Comparison of seismic internal forces and design bearing capacities
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