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Seismic performance study on steel-reinforced concrete composite tower under
vertical earthquake excitation

Bai Guoliang Hao Bin
(Xi’an University of Architecture and Technology, Xi’an 710000, China)

Abstract: In order to study the seismic performances of steel-reinforced concrete composite towers under the
action of vertical earthquake, the 1/18 scaled model of an actual project was tested on the shaking table. By
observing the phenomenon and analyzing the results, it is concluded that the first three vertical frequencies are
18.55Hz, 20.12Hz and 22.14Hz, respectively. The acceleration responses at the mass center of the structure are
maximum, and the acceleration responses of the copper structure are smaller than that of the concrete. The
maximum displacement at the center of mass of the structure is 4.79mm. The structure is controlled by the
vertical strong earthquake. For vertical and lateral earthquakes with the same level, the maximum horizontal
acceleration always occurs later than the vertical acceleration. The vertical telescopic effect on the top of the
tower is not obvious.

Keywords: tower; tower structure; composite structure; shaking table test; vertical earthquake; seismic
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BIES, 2.7 N - s
J7 T o K/ 45 T 67 2 T K RN
i S, 1/2187
K (x) 1.2g~0.8g/15t~30t 1000m/s +100mm
KE S, 1/18
KFE () 0.8g~0.6g/15t~25t 600m/s +£50mm
JEI S, 0.16
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Fig.4 Arrangement of measuring points
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Table 3 Mechanical properties of materials
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Fig.3 The overall structure of the test model Fig.5 Response spectrum curve
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Table 5 Test conditions

WRJE R BRI KNEE (g)
B T I il
B Z 77 1)
1 0.030 o e
2 _ 0.113 El-Centro %
6 BE i :
3 0.113 Taft %
4 0.113 AT ¥
5 0.030 o e
6 0.158 El-Centro %
8 L& .
7 0.158 Taft %
8 0.158 AT
9 0.030 o e
10 ‘ 0.225 El-Centro I
7 BV B
11 0.225 Taft 3
12 0.225 ATk
13 0.030 P e
14 0.900 El-Centro %
15 8 EF B 0.900 Taft I
16 0.900 NIL¥
17 0.030 P e

2 RWERKRSH

2.1 KIEEK

iz i 8 AL E BRI L 5 1) 6 5 1 Bl b R A
T, BRI ATR e RESR TR L B g, 5
R 25 ¥ A B AT ] U 64 Je R e L A A Ak
PER B .

TR 8 BE Z M HIRAE T, BRI Ry TR EE
5 B O A B ST T R B 22 2R KT T 4 /NS 2
SR S5 R A H B AR T AN AT DL B Je S e il o AR B
T ARG AT AE A B PERY B, SR A5 R Ab T B
P B o

PRS0 7 BB R AE S, RS M TR B
T FTRE 4m A1 Tm Ab A% H Bl — SR KT 1) 24 4%
SR S5 R A H B AR T RN AT DL B Je S e o AR B
TR E LU AR B, BH S KR AL T
PR B B

PR S R 8 Bl MR AE AT, A SE R TR

TR BER I A R, R AR R
S Tl 4m AbZLEIA [ B, Tm b B — 45 PR ) B
SUHE SR A A H AR T A AT UL ) SR o AR
AU T IR ZEH R BEIR S 5 A0 I 24k 15
AR, WK 6.

Be6 #Hiap4E

Fig.6 Structural cracks
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Table 6 The first three order frequencies of vertical

direction
VR I 18 i) b 7R — B —Br =Rk
AT % (Hz) 18.55 20.12 22.14
6 BB B4 (Hz) 18.53 19.97 22.09
8 il B4 (Hz) 18.19 19.14 20.31
7 BE B B4 (Hz) 17.14 18.46 19.31
8 BEAE I B4 (Hz) 16.04 17.38 18.33
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Fig.7 The first mode of vertical direction
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Fig.9 Amplified factors of acceleration under 6 degree
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Fig.10 Amplified factors of acceleration under 7 degree
fortification after adjustment
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Table 7 The maximum axial forces after adjustment (kN)
(VA 6 £V B 7 BV B 8 L 8 BEF I
14m 0.2 0.4 0.2 1.1
13m 1.2 0.9 2.3 6.2
12.5m 1.4 1.1 2.8 7.8
11m 0.5 0.9 1.5 7.5
10m 3.0 7.5 3.6 15.9
8m 12.9 26.8 15.1 62.2
6m 17.1 35.6 20.0 82.6
4m 243 50.4 28.3 116.9
2m 30.3 62.8 35.2 145.6
JE 10.7 21.3 12.2 49.5
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Fig.15 The axial forces distribution after adjustment
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Table 8 Seismic contrast under vertical and horizontal
earthquakes after adjustment

5[] LD 6 BB 7R 8 Xl 8 A
Y BLHS [ (s) 9.46 11.42 9.02 12.09

JinsE BE 45 K AE (2) 1.120 2.065 1.654 2.583

S BLHS [ (s) 2.02 9.16 8.75 4.16
JinsE BE 45 K AE (2) 0.644 1.289 0.872 2.935
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A

3

-6/ ¥
2-8JE LIl
37
L]

N |

T L} L} T
0.0 0.2 0.4 0.6 0.8 1.0
S RE (g)

B 16 tEEH R

Fig.16 Seismic control factors
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