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EXPERIMENTAL STUDY ON DYNAMIC BEHAVIOR OF
STEEL TOWER STRUCTURES

By Kiyoshi KANETA, Isao Kouzu, Keiichiro Surta, Kiyoaki HirakawA

Synopsis

This paper presents the distribution properties of the shear forces of steel tower structures
subjected to earthquakes from the results of shaking table experiments.

Dynamic properties of the steel tower itself were initially examined by using a rod model, a
latticed tower model and the models with additional lead weights which were installed at different
locations of the original models, so as to generate various shear force distributions. From the re-
sults, the shear forces of models predominantly viblating in the fundamentary mode were greater
than which specified by the latest Japanese building code, at the middle height part of the mode.
Whereas, model predominantly viblating in the secondary mode showed similar shear force distri-
butiona as the building code, but the relative response of the top of the model was greater, when
the mass of the top was smaller.

Secondary, a coupled model consisted of the towers and cables simulated actual power trans-
mission tower lines was tested in order to assess the effect on dynamic response of biaxial excita-
tions. From the results, it has been shown that dynamic response of individual towers are re-
markably influenced by the stiffness of the cables at the longitudinal excitation, whereas the re-
sponse at the transverse direction was smaller caused by damping effect of cables. And thus,
aseismic safety of actural power transmission towers subjected to the longitudinal excitations

assessed by taking account of the existence of electric lines.
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Table 1. Earthquake Motions
Earthquake Component Time Scale Duration (sec.)

0.6 18.0
NS

El Centro 0.8 24.0

1940 0.6 18.0
EW

0.8 24.0

0.6 180
NS

Taft 0.8 240

1954 06 18.0
EW

0.8 24.0

0.6 24.0
NS

Hachinohe-Kowan 0.8 32.0

1968 0.6 20.0
EW

0.8 32.0
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Table 2. Natural Frequency and Damping Factors

Natural Frequency (Hz) Damping Factor
Specimen
1st. mode 2nd. mode 1st. mode 2nd. mode

SO 1.80 12.00 0.0110 0.0085
S250A 1.50 10.85 0.0100 0.0070
S500A 1.30 10.30 0.0090 0.0080
S750A 1.15 10.30 0.0065 0.0060
S100A 1.04 9.90 0.0065 0.0050
S250B 1.80 10.40 0.0067 0.0040
S500B 1.73 9.60 0.0072 0.0110
S750B 1.70 9.00 0.0100 0.0100
S5100B 1.65 8.45 0.0068 0.0038
S1C 1.00 6.85 0.0080 0.0120
S2C 1.00 7.85 0.0125 0.0130
S3C 1.25 825 0.0116 0.0129
S4C 1.25 7.20 0.0125 0.0170
S1L ) 1.43 8.45 0.0060 0.0051
S2L 1.45 9.10 0.0065 0.0038
S3L 1.57 9.55 0.0048 0.0057
S4L 155 8.75 0.0065 0.0049
WA 16.20 —_— 0.0064 —_—
WB 10.45 —_ 0.0055 e
wC 8.35 — 0.0140 _—
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wa WB wC

Fig. 6. Lumping of Mass at Nodes.
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Table 3. Story Shear Coefficients (S-series)

Earthquake Dir%cftion Loc(z)iftion Specimen
Record Excitation | Mass SIL S2L S3L
Top 0.705(2.81) | 0439(2.21) | 0.382(1.92)
X Middle 0.223(0.89) | 0.170(0.93) | 0.292(1.01)
Low 0.251(1.00) | 0.183(1.00) | 0.223(1.00)
El Centro Top 0.589 (2.58) | 0.404(2.21) | 0.382(1.92)
) Y Middle 0.197 (0.86) | 0.168(0.89) | 0.203(1.02)
(Time Scale=0.6) Low 0.228 (1.00) | 0.188(1.00) | 0.199 (1.00)
Top 0.926 (2.73) | 0.596(2.33) | 0.609(2.10)
X, Y Middle 0.296 (0.87) | 0.238(0.93) | 0.292(1.01)
Low 0.341 (1.00) | 0.255(1.00) | 0.290 (1.00)
Top 0.630(1.73) | 0.521(250) | 0.802(2.30)
X Middle 0.257 (1.01) | 0.209(1.00) | 0.372(1.07)
Low 0.252 (1.00) | 0.208(1.00) | 0.349 (1.00)
El Top 0.510(2.23) | 0.545(2.28) | 0.609 (2.00)
El Centro Y Middle | 0.226(098) | 0.244(102) | 0.315(1.04)
(Time Scale=0.8) Low 0.229 (1.00) | 0.239(1.00) | 0.304 (1.00)
Top 0.793(2.40) | 0.733(241) | 0.979(2.20)
X, Y Middle 0.334(1.01) | 0.311(1.01) | 0.470(1.06)
Low 0.330 (1.00) | 0.305(1.00) | 0.445(1.00)
Top 0977 (270) | 1.130(249) | 1.230(2.27)
X Middle 0.359(0.99) | 0.431(0.95) | 0.561(1.03)
Low 0.359 (1.00) | 0.431(1.00) | 0.561 (1.00)
1C Top 0.732(242) | 0.805(2.12) | 0.747 (2.04)
El Centro Y Middle | 0.303(1.00) | 0.350(0.92) | 0.377(1.03)
(Time Scale=0.8) Low 0.303 (1.00) | 0.350(1.00) | 0.377 (1.00)
Top 1.187(2.58) | 1.340(2.30) | 1.353(2.16)
XY Middle 0.453(0.98) | 0.546 (0.93) | 0.641(1.02)
Low 0.461(1.00) | 0.584(1.00) | 0.628(1.00)

&, ASHPERUAORF THEINESTHETIHTABRERL TV HDII L, ERES L UHAT
ERVT R LB AR NRRIDE SHMICIRA K ES 2B 0HHKRERLTBY, BEPHEHBTORE
ABHORES I AGH LY BRECLBEMERL T2,

HITORMREEZERLBINHELSHOERB L IERVHIEERLTWAS Z &AL, ERMESH O ER
SHRR AR RS A ST BRI HETHEE SN T3 A 51 & VUSSP RE CRVET 2 2
ik, HUTRERSERT A EAERLAET VL 2 EAMNBRESH 2 RATHLEFH LD
EEZILNS,

3. $KiE - BHRERRIRBER

AERI, RBASKEHFEONBY TH HRBHRFMRE LT HBEEROEHICE LITTHELR
RHEMTIT o7 DT, BEL MR LR L08R & A5 2 5 EEGRORER & v IR EER %

To7
3.1 ¥ B 88 B
1 & B %

ERICHW - PERBRK T Fig. 1212, ZBEERY >3 72€y b7 v 7E% Fig. 131077,
SR BRI AR S mm, &S 400mm OABE T, THIBICHE 6 mm OFIREOHEE LY »
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Table 4. Story Shear Coefficients (W-series)

Earthquake Dirt(a)cftion Loc(z)ltion Specimen
Record Excitation Mass WA WB wWC
Top 0.713(1.98) | 0622(1.57) | 0.323(1.23)
X Middle 0502 (1.39) | 0.511(1.29) | 0.299(1.14)
Low 0.360 (1.00) | 0.397(1.00) | 0.263(1.00)
ElC Top 0545 (1.82) | 0.666(1.44) | 0.309(1.25)
B Lentro Y Middle | 0.428(143) | 0.558(1.27) | 0.288(1.16)
(Time Scale=0.6) Low 0.300 (1.00) | 0.464(1.00) | 0.248 (1.00)
Top 0.889 (1.91) | 0.912(1.50) | 0.355(1.23)
X, Y M:ddle 0653 (1.41) | 0.780(1.28) | 0.328(1.14)
Low 0.403 (1.00) | 0.609(1.00) | 0.289(1.00)
Top 0540 (1.51) | 1.136(157) | 0.800(1.27)
X Middle 0.399 (1.27) | 0.934(1.29) | 0.745(1.18)
Low 0.313(1.00) | 0.725(1.00) | 0.630(1.00)
Taft Top 0358 (L51) | 1.118(1.48) | 0.699 (1.26)
i Y Middle 0.303(1.28) | 0.970(1.28) | 0.653(1.18)
(Time Scale=0.6) Low 0.237 (1.00) | 0.755(1.00) | 0.555(1.00)
Top 0.616(1.62) | 1.604(152) | 1.033(1.27)
X, Y Middle 0.486(1.28) | 1.363(1.24) | 0957 (1.18)
Low 0.380 (1.00) | 1.056(1.00) | 0.811(1.00)
Top 0.408 (1.76) | 0.513(1.45) | 0.403(1.25)
X Middle 0.291(1.25) | 0.435(1.23) | 0.371(1.15)
Low 0.232(1.00) | 0.355(1.00) | 0.322(1.00)
Hachinoh Top 0.255 (1.51) | 0.455(1.35) | 0.361(1.22)
_Hiachinone Y Middle | 0.202(1.20) | 0.402(1.20) | 0.340(1.15)
(Time Scale=0.6) Low 0.169 (1.00) | 0.336(1.00) | 0.295(1.00)
Top 0.423 (1.58) | 0.609(1.40) | 0.507(1.24)
X, Y Middle 0.321(1.19) | 0.519(1.20) | 0.474(1.16)
Low 0.268 (1.00) | 0.434(1.00) | 0.409 (1.00)
Al
0 0.6 1 zAi] 8.2.4 3.0 0.6 1.2 1.8 2.4 3.0
0 ] N 0
0.2 0.2
] a
0.4 0.4
L] o
ry 43 A
0.6 0.6
$1008
0.8 0.8 ‘: :;0) : l::l) (.: 13 (: l’;i)
(: ::” 4, l‘)!) (5 ll)) () Ml)
1.0 1.0 4 m— O— O b---

E1 Centro NS

El Centro EW

Fig. 7. Weight-Shear Force Relation (Spec. SB, SC).
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