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A Study on Dynamic Behavior of Glass Screen System of Low-Rise Steel Frame
Building Based on Microtremor Observation and Vibration Experiments and
Earthquake Response Observations
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Abstract

Dynamic behavior of glass screen of low-rise steel frame building has been examined by
microtremor observation, free vibration test and earthquake response observations. Natural
frequencies and damping ratios for lower modes are also estimated by microtremor tests, free
vibration tests and strong-motion earthquake measurements. Natural frequencies estimated
by the large earthquake response are approximately 15~25% smaller than those estimated
by microtremor observation and free vibration test. Amplitude dependent characteristics are
slightly observed in estimated natural frequencies. Vibration characteristics during several low-
level earthquake responses are estimated.
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Photo 1 Earthquake Damage Example of Glass Screen System
of Low-rise Steel Frame Building ?
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1 Plan of Low-rise Steel Frame Building

(Upper: 1 Floor, Lower: 2 Floor)

Photo 2 Measurement point of
the upper Glass Screen

Photo 3 Setting of the Shaker
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Fig. 2 Measurement point of Seismometer

Tab. 1 Seismometer table

1 Floor Corner part shutter box

2 Floor Corner part beam

2 Floor ceiling Y1 center column

Garage edge Y1 second edge column
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X1 center column Y1 edge column

Photo 4 Setting of the upper
Girder

Photo 5 Setting of the upper
Glass Screen
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Fig. 3 Comparison between transfer function estimated from

the microtremor measurement and vibration test
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Fig. 4 Fourier spectrum of records observed on the glass screen

Fig. 5 Mode estimated from vibration test
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Fig. 6 Comparison of wave obtained analysis using Random
Decrement Method (The microtremor measurement)
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Tab.2 Dynamic characteristics estimated by the microtremor measurement and the vibration test

Microtremor measurement Vibration test
Point@ Point® Point@ Point® Point®
Mode| Natural Damping Natural Damping | Natural Damping |[Mode |[Natural |Damping/Natural | Damping]
frequency ratio frequency | ratio frequency ratio frequency| ratio frequency ratio
(Hz) (%) (Hz) (%) (%) RE | (Hz) (%) (Hz) (%)
1 4.24 3.20 4.23 3.39 1.83 1 3.97 0.48 3.96 0.31
2 - - 4.68 2.08 3.59 2 4.21 3.27 4.21 3.24
-~ s free Vibration  ——Calculated _ N
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Fig. 7 Comparison of free vibration wave (the vibration test)
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Tab. 3 List of Seismic Observation Results

Depth of The values of maximum acceleration in the measurement points(cm/sec?)
No. Date Sismic Source S|sm|iSource M | direction @ ® ® @ ® ® @ ®
m

Off the coast of X 12.2 19.3 - - - - - - — -

Eq001| 2019/11/3 Fukushima 30 5.1 Y 9.9 10.6 - - - - - - = -
Prefecture YA 4.9 3.9 - - - - - - - -

Off the coast of X 15.4 | 3249 | 57.74 | 34.09 | 60.5 |6299 | 70.3 52.1 52.1 52.1

£q002|2019/12/11 Fukushima 40 5.2 Y 12.0 [ 32.03 | 42.44 | 11.37 | 435 | 4354 | 425 48.1 47.7 45.8
Prefecture Z 5.8 |34.12 | 22.92 | 5.23 9.0 16.02 | 14.2 7.0 6.2 5.4

X 2.9 4.43 | 6.61 5.08 7.6 7.62 9.2 5.5 5.7 6.3

Eq003|2019/12/19 2?;:;;‘?5;2:8:52 50 55 Y | 32 | 572|692 | 333 ] 60 |636] 65 | 65 | 65 | 66
7 0.8 3.61 2.53 1.13 1.6 1.65 1.8 1.1 1.0 1.0

X 0.4 0.66 1.39 | 0.88 1.8 1.95 2.2 1.0 1.4 1.9

Eq004|2019/12/21 M?Z“:Z::;tt:’:e 40 4 v 0.4 | 077 | 12 | 045 | 13 | 147 | 17 | 14 | 13 | 12
vae 7 0.4 1.24 | 0.81 0.4 0.5 0.67 0.7 0.4 0.4 0.4

Off the coast of X 0.4 0.95 | 2.32 | 0.97 1.7 1.84 2.4 1.6 1.7 1.9

£q005|2019/12/21 Miyagi Prefecture 40 4.1 Y 0.6 0.9 1.26 | 0.77 1.1 1.76 2.9 1.2 1.1 1.2
Z 0.5 1.82 | 1.41 | 0.62 1.0 1.81 2.0 1.1 1.2 2.2

Inland area of lwata X 2.5 5.06 | 8.19 5 6.1 6.05 7.0 6.6 6.9 8.0

Eq006|2019/12/22 refecture 10 4.3 Y 1.9 473 | 5.94 2.43 6.2 7.64 8.1 6.2 6.4 6.2
P z 2.0 6.82 | 461 | 1.75 2.3 4.13 4.2 2.3 1.9 2.2

Off the coast of X 5.0 9.83 [ 18.72 | 11.69 | 22.6 |21.95| 25.0 16.1 15.6 17.2

Eq007|2019/12/26 Miyagi Prefecture 50 4.6 Y 8.9 15.93 | 17.48 | 9.12 18.9 |19.82 | 20.7 209 | 20.6 19.2
7 2.5 797 | 6.49 1.67 3.4 5.24 4.7 2.7 2.7 2.4

X 2.7 5.62 9.62 6.21 8.4 8.49 9.2 8.0 8.9 9.3

£Eq008|2019/12/27 Off Sanriku 10 4.8 Y 3.3 5.79 | 6.54 3.72 6.6 6.51 7.0 7.2 7.0 6.8
z 0.8 7.77 | 483 | 0.96 1.2 2.32 2.1 0.9 0.8 0.8

OFf the eastern coast X 0.2 0.24 | 0.27 | 0.21 0.3 0.24 0.3 0.3 0.3 0.2

Eq009| 2020/1/3 of Chiba Prefecture 30 5.9 Y 0.3 0.26 | 0.21 | 0.23 0.3 0.26 0.3 0.3 0.2 0.3
z 0.4 0.34 | 0.33 | 0.31 0.3 0.41 0.3 0.3 0.4 0.4
Off the coast of X 59.0 | 114.2 | 178.8 | 1279 | 190.7 | 267.8 | 291.8 [131.7 [148.3 | 167.4
Eq010| 2020/2/12 Fukushima 87 5.4 Y 102.7 | 210.6 | 265.8 | 103.4 | 238.9 | 264.2 | 290.2 |270.3 | 268.1 | 263.4
Prefecture Z 143 | 134.9 |1 83.77 | 2494 | 31.3 |70.41 | 62.0 21.1 19.2 | 298.1

Off the west eastern X 3.3 7.6 13.19 | 8.58 12.1 11.13 | 12.8 11.0 12.4 12.8

Eq011| 2020/2/13 coast of Etorofu 160 7 Y 3.3 6.31 8.38 3.62 7.5 7.24 7.7 8.2 8.0 7.5
lland z 1.5 9.51 5.84 | 2.02 1.7 3.99 3.9 1.5 1.5 1.5

Off the western X 1.4 2.46 | 3.64 | 2.39 3.0 2.92 3.4 3.2 3.3 3.3

Eq012| 2020/4/18 | coast of Ogasawara 490 6.9 Y 1.4 2.13 | 2.14 1.65 2.3 2.46 2.9 2.5 2.5 2.4
lland 7 0.6 1.68 | 1.89 | 0.65 1.0 2.87 2.7 0.9 0.9 0.9

Off the coast of X 23.4 |53.01]88.12 55 88.4 |91.15 |103.1 | 76.5 78.2 80.1

Eq013| 2020/4/20 Miyagi Prefecture 50 6.1 Y 21.2 | 37.83 |49.71 | 29.21 43.1 | 44.15 | 49.2 476 | 46.2 44.8
YA 7.2 60.13 | 38.59 | 10.2 10.1 28 25.4 8.1 8.5 7.8
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Fig. 10 Fourier spectrum ratios of strong motion record (Eq010)
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Fig. 12 Maximum acceleration response vs natural frequency and damping ratio
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