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Calculation Models of Ultimate Bearing Capacity and Failure
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Abstract: In order to solve the problem of not taking account of the influence of calculation
models on ultimate bearing capacities and failure modes of the existing transmission towers, the
fundamental mechanical principles and simulation methods of the three commonly used models,
including space truss, space rigid frame and space beam-truss, were illustrated. Taking a 110 kV
drum type linear transmission tower as an example, the elastic responses of 3 calculation models
under for 0°, 45°, 60°, 90° wind load were compared. The calculation results of the ultimate
bearing capacity and failure mode of each calculation model under the most unfavorable conditions
were compared and analyzed. The influences of different calculation models on the ultimate
bearing capacity and failure modes of structure were revealed. The results show that the rigid

frame and beam-truss model can give safe elastic response results compared with the truss model.
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The limit live load multiplier of this type of transmission tower is about 2. 00 under the worst

wind load condition. The beam-truss composite model can reflect the ductility failure properties

of the tower structure and give safer calculated results of ultimate bearing capacity. The bearing

components of this kind of transmission tower mainly concentrate in the tower leg materials. The

rigid frame and beam-truss model can accurately identify high load bearing member. The space

beam-truss composite model is proposed to be used for analyses of ultimate bearing capacity and

failure mode of the transmission tower.

Key words: transmission tower; calculation model; wind load; ultimate bearing capacity; failure
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Fig.1 Commonly Used Connection Types for
Transmission Tower
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Fig.2 Connection Simulation of Space Calculation

Models for Transmission Tower
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Fig.3 Drum Type Transmission Tower (Unit:mm)
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Tab.1 Wind Loads of Transmission Tower
S—— 0° AT} O3 28 75 7)) 0° R Ty MU 28 75 7)) 90° KU1 (I -T2 F7 1) 90° U] (I 128 77 1))
3 XU R/ m? A 2 AR / Pa 3R AR/ m? R fif b HEAE / Pa
0.0~8.0 5.01 10 029.73 5.01 10 029.73
8.0~16.0 4.90 11 198. 50 4.90 11 198.50
16.0~25.1 4. 88 12 625. 28 4. 88 12 625. 28
25.1~33.0 3.95 10 683.63 3.95 10 683.63
33.0~36.0 1.52 3 905. 34 1.52 3 905. 34
36.0~40.9 2.76 7 468. 38 1.91 5 330. 26
40.9~45.8 2.88 7 828.22 1.73 4 883. 85
45.8~49. 3 2.62 6 967.17 1. 00 2 897. 36
FR2 S& MEEH
Tab.2 Loads of Ground Wire and Conductor
it 2 S PE} 5hiz/m PR BRI | AT H /N /N
2% JLB20A-100 0.013 00 1.66 4 430.70 4624.33
AR L.GJ-300/40 0.023 94 1.62 7 306. 14 7 772.38
ERR TS 2 1L.GJ-300/40 0.023 94 1.57 7 063.62 7 772.38
T AT LGJ-300/40 0.023 94 1.50 6 767.11 7 772.38
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Tab.3 Displacements at Top of Tower
R 0° 45° 60° 90°
FERY T BT #8 / mm 231. 26 321.12 392. 58 386. 92
RS [T B TR A/ mm 228. 84 319. 37 390. 13 382. 40
A0 1 5 60 £37 % / mm 230. 06 321.03 392.10 383. 94
R T, I 38 TS A X iR 22/ %% 1.06 0.55 0. 63 1.18
IR T, IO 3% T0 52 A% A X R 22 / %% 0.53 0.52 0.50 0. 40
VE B T s [T A5 B 5 AR [T Ay s (] (0 R4S 260 5 485 00 11 24 245 ) SR AT 2 5 L
*4 HAATEMNB
Tab. 4 Displacements at Typical Elevations
S /m 0° AT B 19 37 # / mm 45° X in] i (9 7 %% / mm 60° JU i) Bt () 3 %% / mm 90° AL Ji I () 42 %5 / mm
BERLT | BEARLID | BEASIN | BRSO | BTAYIL | BEALID | AEAS T | BIRMQL | BERUID | BEAS ] | REASDL | BEAUIN
8.0 5.24 5. 04 5.04 10. 66 9.41 9.50 9.83 9. 44 9.50 6.56 6.12 6.23
16.0 19. 85 19.52 19. 64 30.18 28.70 28.97 32. 80 32.36 32.59 23.32 22.59 22.69
25.1 50. 79 49.78 50.13 68.09 68.95 69. 45 82.08 81.78 82.35 65.08 63. 87 64. 24
33.0 90. 44 89. 37 89.96 | 122.89 | 123.89 | 124.72 | 149.98 | 149.01 | 150.00 | 128.29 | 126.24 | 126.97
36.0 110.79 | 109.63 | 110.34 | 150.97 | 152.39 | 153.38 | 185.18 | 183.96 | 185.12 | 163.14 | 160.70 | 161.57
40. 9 149.70 | 148.44 | 149.32 | 204.43 | 206.86 | 208.09 | 252.60 | 251.05 | 252.51 | 233.01 | 229.83 | 230.95
45.8 194.94 | 193.62 | 194.68 | 266.22 | 269.87 | 271.34 | 330.68 | 328.79 | 330.54 | 317.79 | 313.79 | 315.15
49.3 229.33 | 227.98 | 229.18 | 312.90 | 317.39 | 319.04 | 389.57 | 387.41 | 389.37 | 384.00 | 379.38 | 380.92
A2 0] W SRR R 2 1] AT 2H G B A Y B R A A% ®S EAEA
A A A 607 A ) T8 I, MR B A AR [R] L AH X 5 22 Tab.5  Maximum Stresses
HWAE L 200LAN . B3R 4 WA, 3 Fh TS AR A 7 45 i 0" | 457 | 607 | 90
TR JE L 1 0 B A 2 R KL LA 60° XU T4 OB T BRI 73 /P 1| 188 | 189 ] 1o
TR, F 1 R 3 b 3 7T i o RENRARAMb | 170 | 270 | 291 | 20
o i A . N 0 111 £k )% 51/ MPa 152 | 236 | 252 | 218
PSS A BT T 00 T O BPEALE o I ARG MR T, [ e KR S A i 22/ % | 36,93 | 30.37 | 35.05 | 16.96
B AR RUR D 3 09 i B i 4L 6 A BRI, I F5e KR Sy A 2%/ % | 13.64 | 12.59 | 13.40 | 5.22
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Fig.5 Incremental Iterative Process of Live Load Multiplier
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Tab. 6 Failure Modes
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I 1,2,3.4,5,8
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Iy 5% B £ 44
1T 6,7>3,4—>1,2—>10,11—>9
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