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Natural Vibration Period of Small-scaled Arch Structure by Shaking
Table Test
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Abstract

Large spatial structures can not easily predict the dynamic behavior due to the lack of construction and design
practices. The spatial structures are generally analyzed through the numerical simulation and experimental test in order to
investigate the seismic response of large spatial structures. In the case of analysis for seismic response of large spatial
structure, the many studies by the numerical analysis was carried out, researches by the shaking table test are very rare. In
this study, a shaking table test of a small-scale arch structure was conducted and the dynamic characteristics of arch
structure are analyzed. And the dynamic characteristics of arch structures are investigated according to the various column
cross-section and length. It is found that the natural vibration periods of the small-scaled arch structure that have large
column stiffness are very similar to the natural vibration period of the non-column arch structure. And in case of arch
structure with large column stiffness, primary natural frequency period by numerical analysis is very similar to the primary

natural frequency period of by shaking table test. These are because the dynamic characteristics of the roof structure are

affected by the column stiffness of the spatial structure.

Keywords :  Small-scaled arch structure, Dynamic characteristic, Shaking table test, Colunm stiffiiess
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(b) PC column
(Fig. 2) Column shape

(a) Brass column

A ABTFERe} s Tl TERe Ad, 9
2 Zo]Z <Table 2>9} <Table 3>¢ JeRAIT)

Ag7z Ade FelrhrvjelEolr] s
)} T (0mmx20mm, F24je} TEL

FIHY|0|E e FFol gHe Uy
71& 15mm, 20mm, 30mm=E 35t 18]la 7]
%9 Zo]E 100mm, 200mm, 300mm= 3ttt
A5 715 AARE Aol TFestES 31X
(hinge)Z 3tHom A4, ©d 2 Zoly} gz
A2 715 nARBIEA 43S 3T 5 A=
£ 3k

Gk o TEEBA HEH AR S8

(Table 1) Similitude Law Scale

Quantity Scale factor
Length n
Mass n?
Time 05
Acceleration 1
Natural Frequency 1n"°

(Table 2) Roof structure members

Items Section

Material Polycarbonate(PC)

Upper/Lower chord

member (mm) 60 > 20

Vertical member (mm) 30 x 10

(Table 3) Column structure members

Items Specification
. Brass
Material Polycarbonate(PC)
Section (mm) 15% 15, 20x 20, 30x30
Length (mm) 100, 200, 300
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2 ¥ Z-sdi(shaking table)x= 7}273F
5.0m, AZ%3F 3.0m 72 15 (uniaxial) &0
ojt}y. IEthe] gk AlYe <Table 4>} 2O
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(Table 4) Shaking table spec.

Items Specification
Dimension Sm X 3m
Max. Specimen weighted 30 tonf
Table Mass 10 ton
Control Mode uniaxial horizontally
Max Stroke + 100 mm
Max. Velocity 50 cm/sec
Max. Acceleration 10¢g
Max. Overturning Moment 50 ton - m
Frequency Range DC-30 Hz

(a) 0-00-000 (0.2703sec)

(b) B-30-100 (0.2733sec)

(c) B-20-200 (0.2881sec)

(d) B-15-300 (0.2984sec)
(Fig. 3) Vibration modes

(Fig. 4) Vibration modes of model
P-10-300 (0.7226sec)
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(Table b5) Column stiffness ratio

Stiffness Stiffness

Models ratio Models ratio
B-15-100 378.3 | P-15-100 8.9
B-15-200 95.5 | P-15-200 2.2
B-15-300 42.6 |- P-15-300 1.0
B-20-100 1195.7 || P-20-100 28.1
B-20-200 302.0 | P-20-200 7.1
B-20-300 134.7 | P-20-300 3.2
B-30-100 6053.4 | P-30-100 142.1
B-30-200 1528.8 | P-30-200 35.9
B-30-300 681.7 | P-30-300 16.0
s 7159 e FEALY /e 2e
wo] Z7RMO|E AR 715E 2 7Y
Hoh 2 AL 2 5 glon g% v)5e e
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(Table 6) Natural period by numerical analysis

Period Period
Models (se0) Models (sec)

0-00-000 0.270

B-15-100 0.287 P-15-100 0.306

B-15-200 0.290 P-15-200 0.444

B-15-300 0.298 P-15-300 0.723

B-20-100 0.287 P-20-100 0.293

B-20-200 0.288 P-20-200 0.336

B-20-300 0.291 P-20-300 0.455

B-30-100 0.273 P-30-100 0.288

B-30-200 0.274 P-30-200 0.296

B-30-300 0.275 P-30-300 0.319
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(b) Stiffness ratio: ~ 40
(Fig. b) Period ratio by numerical analysis
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(Table 7) Natural period by shaking table test

Period Period
Models (se0) Models (se)

0-00-000 0.248
B-15-100 0.298 P-15-100 0.468
B-15-200 0.315 P-15-200 1
B-15-300 0.334 P-15-300 Non
B-20-100 0.293 P-20-100 0.349
B-20-200 0.303 P-20-200 0.400
B-20-300 0.315 P-20-300 0.443
B-30-100 0.273 P-30-100 0.321
B-30-200 0.282 P-30-200 0.341
B-30-300 0.293 P-30-300 0.381
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(b) Stiffness ratio: ~ 40
(Fig. 6) Period ratio by shaking table test
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(Table 8) Natural period of models with
brass material

Analysis Test -
Models (se0) (s60) Ratio

B-15-100-10 |  0.287 0.298 104%

B-15-200-10 |  0.290 0.315 109%

B-15-300-10 0.298 0.334 112%

B-20-100-10 |  0.287 0.293 102%

B-20-200-10 |  0.288 0.303 105%

B-20-300-10 |  0.291 0.315 108%

B-30-100-10 |  0.273 0.273 100%

B-30-200-10 0.274 0.282 103%

B-30-300-10 | 0.274 0.293 107%
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(Table 9) Natural period of models with

PC material
Analysis Test -
Models (se0) (s60) Ratio
P-15-100-10 0.306 0.468 153%
P-15-200-10 0.444 1 -

P-15-300-10 | 0.723 Non -

P-20-100-10 |  0.293 0.349 119%

P-20-200-10 0.336 0.400 119%

P-20-300-10 |  0.455 0.443 7%

P-30-100-10 0.288 0.321 111%

P-30-200-10 |  0.296 0.341 115%

P-30-300-10 |  0.319 0.381 119%
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(Fig. 7) Period ratio shaking table test
with analysis
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