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SIMPLE SEISMIC DAMAGE EVALUATION OF TRANSMISSION TOWER
CONSIDERING POST BRACE-BUCKLING BEHAVIOR
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Takeshi NAKAMURA, Yuki TERAZAWA and Toru TAKEUCHI

Simple seismic damage evaluation of the steel tower for power transmission considering global buckling of braces was proposed, which can be used as an

index for seismic performance screening of the existing steel towers focusing on the large seismic ground motions. The evaluation index value can be calculated

simply by defining seismic performance curves and frame limit displacements of typical steel towers and based on the energy balance concept, and it can be

easily used in Japanese transmission structural engineer’s practice in which stress calculation method based on Cremona diagram is common.
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Table 1 Evaluation plan of simple seismic damage index

Collapse
Level

Index Explanation

Although the brace can be damaged, the risk of a
main post buckling and collapsing is low.The frame
[Low] can be used continuously for repairs after the
DCR. < 1.0 Repairable and usable |disaster.The magnitude of the judgment value can

T after earthquake [be used as a prioritization index for rational
implementation of future maintenance, repair,
rebuilding, etc.

There is a high risk that a main post will buckle
and collapse.It is necessary to carry out detailed
analysis to closely examine the structural safety
and to plan reinforce main post or reconstruct.

[High]
Reinforce main post
or reconstruction

DCR, 2 1.0
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Table 3 Effective weight of overhead wire
Tower Type |Earthquake input direction

Coefficient @,, | Transyerse direction

. Longitudinal direction 0
n — Longitudinal
Transverse direction 0 direction

Longitudinal direction
Transverse direction

0.5cos(0/2)
0.5sin(6/2)
* (Effective mass of overhead wire) = (mass of overhead wire)xa ,,

Tension 6:Horizontal line angle
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Table 4 Stiffness reduction ratio a=A/A
Longi. direction Trans. direction
| Model
Series No. e s o= e K a=
KoK KoAK | C,, Main post
1| 390.4 | 389.0 | 0.997 | 363.6] 362.1] 0.99 buckling
A66 | 2 [ 23872354 0.986 | 225.5]219.7] 0.974 bf{@ﬁﬁg
312105 [ 2043 oot | 197.4] 1720] 0871 | ZKy=aK,
4 | 4234 ] 411210971 | 438.0] 437.8] 0.999 |“myf------ > :
B66 | 5 | 346.1 | 344.9 | 0.997 | 354.0] 3495 0.987 ! !
6 | 3008 [ 297.8 [ 0.990 | 305.7] 302.1] 0.988 ! !
7 | 2156 | 214.6 | 0995 [ 202.8] 197.6] 0.975 ! |
A275| 8 | 169.8 | 163.8 [ 0.965 | 160.1] 159.9] 0.999 | |
9 |152.1 [ 152.0 [ 0999 | 143.5] 143.0[ 0.997 ; Ly
10| 300.7 | 2940 | 0.978 | 296.7] 29.6] 0.875 | O 2, Doim B,
B275 | 11| 2737 ] 271.6 | 0992 [ 277.0] 264.6] 0.955
12| 2426 | 2352 ] 0.969 | 238.9] 230.1] 0.963
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Table 5 Coefficient of C
approximation formula A
Longitudial direction C?,e ----------- ,//
Series Vi Vo 1y 1, \/: |
A66 | 1.807x10°| 1.107x10°| 1.047x10°| 1.699x10” C;,,, T A '
B66 | 4.633x10°] 6.667x10"| 5.406x10”*| 9.000x10™ Cl----- AK,=aK, |
A275 | 5.570x10°| 3.385x10°| 8.186x10°| 5.508x107| g 5
B275 | 3.041x107] 1.106x107] 5.828x107*| 8.846x10”" ! :/:/ !
I ) |
Transverse direction AKI : 1 :
Series ¥ Yo 1y 1, ' o | -
-3 -3 » -3 >
A66 2.307><1073 1.084><104 2.420><107: 2.026><1073 (6) ¢|,y A, qﬁlw Drim &
B66 | 3.056x10°| 8.667x10*] 6.039x10”*| 1.056x10 Fi 14 Th
A275 | 5.129x10”°| 5.532x10”*[ 8.379x10”| 6.062x10 8. € energy
B275 | 5.112x107 8.492x107| 8.165x10°] 6225x107|  balance concept diagram
1,000
Susp.-Longi. Direction
s Susp.-Trans. Direction
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5500 |
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Fig. 15 Acceleration response spectra
Table 6 Eigen mode characteristics
Longitudinal direction Transverse direction
1st mode 2nd mode 1st mode 2nd mode
No. | Natural Efrf;c::ve Natural Effr:ac::vc Natural Ef:::ve Natural Ef:::ve
iz;‘:;j ratio I:Z::)d ratio IZZ::)d ratio l:::;l ratio
(%) (%) (%) ) (%)
1 0.236] 42.37 0.095 31.98 0.226] 41.82 0.097 30.22,
2 0.316] 53.85 0.102] 27.26 0.304] 53.28 0.105 26.06
3 0.339] 50.75 0.098] 24.42 0.327] 49.99 0.101 23.24,
4 0.273 56.29 0.092] 24.16 0.214] 48.57 0.085 31.76
5 0.306] 60.22 0.095 21.02 0.244] 52.25 0.088, 27.53
6 0.338] 61.08 0.096] 18.90 0.266] 53.99 0.089 23.86,
7 0.376] 53.46 0.129] 24.39 0.379] 47.10 0.157 24.50,
8 0.421 58.41 0.134] 22.22 0.421 53.20 0.163 21.96
9 0.409] 57.01 0.137] 24.15 0.464| 56.57 0.168 20.60,
10 0.363 58.91 0.141 26.45 0.312 46.43 0.143 32.00
11 0.383 61.50 0.144] 23.87 0.328] 50.04 0.147 29.00
12 0.417] 64.74 0.144] 20.42 0.355 54.69 0.148 24.63
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FAW BT SiflkieRE ] 106.04 B R IR T 4, 4.2 Hio kG
RBVAFPERR S R, (BB h=5%) \SATFRE & S8 72 6 O & & 8%
2 AT ENTTANCE U TRET D, Fig. 1512 a,=750 gal & L7=%;
B OB NTTHEB OIEEIRE AT bV (h=5%) ZxrT, Bzl
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Table 7 A Example of seismic screening by JCR;

(a) Longitudinal direction 123
Evaluation formula Dynamic analysis
Series mNogel H/B (a,ml DCR ; |Priority DCR  |Priority 100
X gal) Pre (2% Py P iim (Eva.) | rank P1p P 1im (Ana)y | rank °
1| 45 [33657.1331x107 | 6.7864x107 | 7.1333x10” | 8.6918x10” | 0.821 7 ||3.2916x10” | 8.8628x10° | 0.371 8 | o015
A66 | 2 7 | 2951 9.6340x10” | 9.5529x107 | 9.6340x10™ | 1.2939x107 | 0.745 8 |[3.5708x10° | 1.3048x10%| 0256 | 11 | £ *
3 9 | 1985 7.5807x10° | 1.1766x10° | 7.5807x107 | 1.6336x10% | 0464 | 12 [3.9741x10° | 1.5997x107| 0248 [ 12 | & 0.50 s
4 4 [ 3404 | 8.9246x10™ | 7.3000x10” | 8.9283x10” | 9.0056x10” [ 0.991 | 4 55116x10” | 8.0994x10” | 0.680 - 2 /‘/ °
B66 | 5 | 5.5 [2008|6.3486x107 | 8.3000x10” | 6.3486x107 | 1.0356x107 | 0.613 | 11 [14.0103x10° | 1.0913x107 | 0.367 | 9 0.25 ©
6 7 3029 1.3410x107 | 9.3000x107 | 1.3426x107 1A1706><10'2— 7.4425%107 | 1.1400x107 | 0.653 4 +40%
7 | 45 | 3412] 1.0083x107 | 7.0934x10” | 1.0094x107 | 1.0665x10” | 0.946 | 5 [ 55615x10™| 1.0635x107 | 0523 | 6 0.00
A275| 8 7 | 2186 | 7.6471x10™ | 7.9398x10” | 7.6471x107 | 1.2042x107 | 0.635 | 10 [ 4.3349x10” | 1.2197x107 | 0.355 [ 10 000 02 g‘?;e (ESZ)S 1o
9 9 | 3854 1.5898x107| 8.6168x10” | 1.5941x107 | 1.3143x107 8.9080x107 | 1.2942x10 | 0.688 - (a) Longitudinral direction
10 4 [2255]7.9889x107 | 7.4638x10” | 7.9894x107 | 9.3660x10” | 0.853 6 | 5.2402x107 | 9.6908x10” | 0.541 5
B275| 11 | 55 | 1876 7.1800x10™ | 9.1224x107 | 7.1800x10™ | 1.0693x107 | 0.671 9 ||4.2788x107 | 1.0817x107| 039 [ 7 125
12 7 3032 1.3319x107 | 1.0781x107 | 1.3325x107 | 1.2020x10” 9.4932x10'3@_
(b) Transverse direction 1.00
Evaluation formula Dynamic analysis
.| model a,
S No. | P L@ | g, b1, o, PR o et P pri | DCR |Priority) 5 073
b v ks o (Eva.) | rank o’ oAim (Ana.) | rank | &
1| 45 |3365]6.0722x10” | 7.1831x10” | 6.0722x10° | 9.3574x10™ | 0.649 | 7 |[2.4269x10” | 9.7081x107| 0.250 | 10 é“-SO ° 8
A66 | 2 7 [ 2951 8.3587x107 | 9.8922x107 | 8.3587x107 | 1.4422x107| 0.580 [ 9 [13.4735x107 | 1.4314x107| 0243 [ 11 | Q ;)/(
3 9 | 1985]6.9079x10” | 1.2060x107 | 6.9079x10° | 1.8473x107| 0.374 | 12 |/3.1905x10° | 1.6975x107| 0.188 | 12 025 o0
4 4| 3404 | 8.4844x10” | 6.5222x10” | 8.4901x107° | 1.0261x107 | 0.827 | 4 | 5.6614x10” | 1.0050x10” 0%
B66 | 5 | 55 [2008]6.7787x107 | 7.8222x107 | 6.7787x107 | 1.1844x10” | 0.572 | 10 [ 4.6879x107 | 1.2186x10” 0.00
6 | 7 [30291.3083x107 | 9.1222x10° | 1.3098x107 | 1.3428x10° 6.6088x10" | 1.2991x10” 000025 030 075 100 125
7 | 45 | 3412 8.6784x107 | 2.8212x10 | 8.6784x10” | 1.1107x107 | 0.781 5 | 4.4058x10” | 1.1087x10” | 0397 | 7 ®) Transf;i:giv:; tion
A275| 8 7 | 2186 6.8294x10” | 4.1035x107 | 6.8294x10” | 1.2622x107| 0.541 | 11 |/43077x10° | 1.2862x107| 0.335 [ 9
9 9 | 3854]1.3551x107 | 5.1294x10” | 1.3551x10” | 1.3825x10” 6.6508x10° | 1.4173x107 | 0469 | 4 Fig. 18 Comparison of
10 | 4 [2255]7.9651x10° | 2.5647x107 | 7.9651x10™ | 1.0655x107 | 0.748 6 |[4.7704x107 | 1.0926x107| 0437 [ 5 evaluation formula and Dynamic
B275| 11 | 55 | 1876] 7.3970x10” | 3.3341x107 | 7.3970x10” | 1.1589x10” | 0.638 8 |[4.5600x107 | 1.1284x107| 0404 [ 6 analysis result
12 | 7 [3032]1.2741x107 | 4.1035x107 | 1.2741x107 | 1.2523x10° _@@_
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SIMPLE SEISMIC DAMAGE EVALUATION OF TRANSMISSION TOWER
CONSIDERING POST BRACE-BUCKLING BEHAVIOR
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*3 Prof, Dept. of Arch. and Build. Eng, Tokyo Institute of Technology, Dr.Eng.

The structural requirement of truss tower for power transmission is generally determined by wind load, and consideration of seismic
loads may be omitted. However, in recent years, large seismic ground motions are assumed, and it is required to grasp the margin of
seismic performance of existing towers. On the other hand, in Japan, there is an urgent need to reinforce and rebuild steel towers whose
strength will be insufficient due to the increase in expected external load, including the rebuilding of steel towers that will exceed their
useful life. However, it is practically difficult to reinforce or rebuild all existing towers immediately. Therefore, it is necessary to screen
the structural safety of existing towers reasonably and easily from various points of view and prioritize various measures, and the
construction of screening methods focusing on seismic performance is required as one of the indicators.

In this paper, simple seismic damage evaluation of the steel tower for power transmission considering global buckling of braces is
proposed, which can be used as an index for seismic performance screening focusing on the large seismic ground motion of the existing
towers. In chapter 2, the characteristic of steel truss tower for power transmission design and issues are summarized. In chapter 3, the
proposed seismic diagnosis method for tower frames and the calculation policy for the index are explained. In chapter 4, the outline of
analysis model which are typical steel towers for power transmission made of angle steel members is shown, and an outline of the
equivalent static seismic load used in the study is shown. In chapter 5, Firstly, a simple calculation method of the elastic response
displacement of the tower frame with the equivalent static seismic load is shown, and then the seismic performance curve of the model
tower is constructed from the pushover analysis considering the buckling of braces. Finally, the seismic damage index based on the energy
balance concept is formulated. In chapter 6, it is confirmed by time history response analysis that the frame limit displacement evaluated
by the pushover analysis is valid. In chapter 7, a example of seismic screening by suggested index is shown. In summary, the following
results were obtained :

1) By modeling the tower frame as a cantilever with variable cross section in which panels are stacked, the elastic response displacement
of the tower frame by a virtual work method is attempted to evaluate, and it was confirmed to obtain the same evaluation value as the
three-dimensional stress analysis.

2) The seismic performance curve of the truss tower frame was expressed as an approximate function with the aspect ratio classified
according to the voltage scale, tower type, and load input direction as parameters.

3) With regard to the seismic diagnosis index DCRy, the simplified evaluation value by the proposed calculation method using static
response and energy balance concept can be evaluate on the safe side by the detailed analysis value based on nonlinear dynamic analysis,

and can be used as a screening index for prioritizing countermeasures based on seismic performance.
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