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The Evaluation of Effectiveness on Horizontal Transient Vibration
Measurement of Low-Rise Building Using Wireless MEMS Sensor
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Abstract

Recently, measuring instruments for SHM of structures had being developed. In general, the wireless transmission of
sensor signals, compared to its wired counterpart, is preferable due to its absence of triboelectric noise and elimination of
the requirement for cumbersome cable. Preliminary studies on the continuous vibration measurement of high-rise buildings

using MEMS sensors have been carried out. However, the research on the low-rise buildings with relatively small vibration
levels is insufficient. Therefore, in this paper, we used the wireless MEMS sensor to compare and analyze the vibration

measurements of three low-rise buildings.
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(Table 1) Specifications

Specifications ~ Servo ICP m iPad
Full scale(g) 1 1 18 1
Axis 1 1 3 3

Band width(Fy) DC-300 DCI00  DCION  DC-400
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(Table 2) Outline of building

Height(m) 84
Floors 15™ floors
Construction phase Frame completion
Place of measurement 9™ floors
Floor type Truss deck
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(Table 3) RMS of amplitude

Type of accelerometer Experimiﬁgz/ alue, E
ICP type 0.0021
Wireless MEMS 0.0021
iPad application 0.0025
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(Table 4) Natural frequency

Natural frequency(Hz)
Experimental value, E

Type of accelerometer

ICP type 7.90

Wireless MEMS 7.86

iPad application 794
AME I73EFe BiEae ICP B 7H5=
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(Table 5) Outline of buildings
o Height Plan Place of
Buildings (m) Floors (m) measurement
A 163 4 48x16.3 Roof
B 19.2 4 70x16.5 Roof
C 15.2 4 43.2x11.4 Roof
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(Table 6) RMS of amplitude

Type of RM5(g)
accelerometer  Bldg. A Bldg. B Bldg C
Servo 43E06 45E06 52E6
ICP type 48E06 40E06 10EM
MEMS 96E05 936 13E04
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(Table 7) Natural frequency of X axis
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(Table 8) Natural frequency of Y axis

Type of Natural frequency(Hz) Type of Natural frequency(Hz)
accelerometer Bldg, A Bldg, B Bldg, C accelerometer Bldg, A Bldg. B Bldg, C
Servo 3.60 413 459 Servo 425 334 3.58
ICP type 3.60 419 467 ICP type 425 3.36 3.56
Wireless MEMS 3.60 415 453 Wireless MEMS 4.26 3.34 3.57
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(Table 9) Error rate of natural frequency
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Natural frequency(Hz)

acczlyeif;;;er Bldg. A Bldg, B Bldg, C
X axis Y axis X axis Y axis X axis Y axis
Servo(Reference) 360 425 413 334 459 358
ICP type 360 425 419 336 467 356
Error rate(%) 0 0 143 059 171 0.56
MEMS 360 42 415 334 453 357
Error rate(%) 0 023 048 0 132 028

62 _H 174 M3z SA692, 2017. 9



M

0
T

MEMS HIME o] &

MNEd=

ARA|

o

power spectrum(PSD)

power spectrum(PSD)

power spectrum(PSD)

power spectrum(PSD)

0.00001 0.000014
0.000009
E 0.000012
0.000008 I
0.000007 & ooooor -
£
0.000006 E 0.000008
0.000005 5
0.000004 OC-I’. 0.000006 =
v
0.000003 B 0000004 F
0.000002 ;
[+) 0.000002
0.000001 o
0 0
0 1 2 3 4 5 6 7 0 1 2 3 4 5 3
Frequency(Hz) Frequency(Hz)

(a) Servo(X axis)

(b) ICP(X axis)

0.000014 0.00001
0.000009
0000012 p========-=ccccccececeecemceeeem——a—- E
0.000008
v
00000] f======sscmcsscsccsssscsssssssmm——=- ’%’ 0000007
0.000008 E 0.000006
id 0.000005
0000006 L 0000004
W
0.000004 ‘cl-.r 0.000003
g 0.000002
0.000002 o
a 0.000001
0 0
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6
Frequency(Hz) Frequency(Hz)

(d) Servo(Y axis)

(e) ICP(Y axis)

ect

(Fig. 11) Power spectrum(Building B)

0.000025

0.00002 a
@

o

1S

0000015 5
fot

-

o

000001 4
2]

L

o

0000005 2
<]

-3

0
0 1 2 3 4 5 6 )

Frequency(Hz)
(a) Servo(X axis)

0.000014 0.00001
0.000009

0.000012
0.000008
000001 2 0000007
0000008 0.000006
0.000005
0000006 0.000004
0.000004 0.000003
0.000002

0.000002
0.000001
a a

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Frequency(Hz) Frequency(Hz)

(d) Servo(Y axis)
(Fig.

0.000012

0.00001

s =2 =2 =
s £ g =8
=3 2 =3 =3
=3 =] =3 =3
g £ 8§ B

0 1 2 3 4 5 13
Frequency(Hz)

ICP(X axis)

(e) ICP(Y axis)

12) Power spectrum(Building

power spectrum(PSD)

power spectrum(PSD)

power spectrum(PSD)

rum(PSD)

power sp

Frequency(Hz)
(¢) MEMS(X axis)

0.0003

000025

Frequency(Hz)
(f) MEMS(Y axis)

0.0003

000025

0.0002

000015

0.0001

0.00005

Frequency(Hz)

(c) MEMS(X axis)

Frequency(Hz)

(f) MEMS(Y axis)

re
\J

2323

[Pl
12

3N _63

N



1) BYPEFS 0|83 FHAFAS 23 A<D
oA 7FHEE RMSEEe] Reference 7H5E=AQI
ICP 7K A19 B4 MEMS 7H:=717F 0.0021g2.
2 dAes BEv:

2) 4 MEMS 7H=AlE 7R 2% a9
e} zpolg Boy, 1#fEs dAs
AATE 37M52] 4 MEMS 7R&5E7A9] A4 o
DHFRATT QAL 0%14] o 1.32%2 YE}
won Hit QA& 036%E ¥ YA &S Y
=3

3) AAIGTHF AN THEEA S o]z o] 4
ANRE AZ JY 2arEg =37 i) FA
MEMS 75419 7} 5% RMS7} Reference 71
TARY 575% O A UkARL 1570559 &
A B 036%E 7% HNAESE T8 DEY

FAEAL Yohin] TAZ glch

LAl 2

o] = 201795 AR (RIHEEA e Ade
2 A=A Ade wol FYHE ATy
(NRF-2016R1A2B2014064)

References

1. G. H. Heo, K. S. Jung, C. O. Lee, J. R. Jeon,
Communication

MEMS-based Wireless Measurement System

Distance  Estimation of
for Structural Health Monitoring, Civil Expo,
p-4 2008

2. J. H. Lee, S. W. Yoon, Analysis of Vibration
Measurement
MEMS  Sensor,
Association for Spatial Structures, Vol. 13,
No. 1, May. 26. 2017

3. Alessandro Sabato, “Maria Q. Feng, Feasibility

Performance of Wireless

Proceedings of Korean

of Frequency-Modulated Wireless Trans-
mission for a Multi-Purpose MEMS-Based
Accelerometer”, Sensor, Vol. 14, 2014

4. S. H. Moon, S. W. Yoon, Ambient Vibration
Measurement of Buildings Horizontal
Vibration Using a Mobile Phone Application,
Journal of Korean Association for Spatial
Structures, Vol. 15, No. 3, 2015

5. Y. ]. Jang, B. H. Cho, H. ]J. Kim, Comparison
of Dynamic Property Estimation by Transient
Vibration and Synchronized Human Exci-
tation, Computational Structural Engineering
Institute of Korea, Vol. 24, No. 3, P. 259,
2011

6. H. ]J. Kim, B. Y. Kim, W. J. Kim, Evaluation

MEMS  Sensor for
Identification of Building Structures, Archi-
tectural Institute of Korea, Vol. 25, No. 11,
pp-3-10, 2009

7. K. Y. Do, S. W. Yoon, D. H. Kim, Vibration

Measurements of the Foot-Bridges Using

of Wireless System

Mobile-Phone, Journal of Korean Association
for Spatial Structures, Vol. 14, No. 1, pp.
61~68, March, 2014
8. 5. W. Yoon, Evaluation of Damping Ratio of
Low-rise Buildings by Alternating Syn-
chronized Human Excitation, Architectural
Institute of Korea, Vol. 19, No. 12, pp.113-

120, December, 2003

® Received : July 10, 2017
® Revised : August 08, 2017
® Accepted : August 10, 2017

64 _H17H M3z SH692, 2017. 9





