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Ambient Vibration Measurement of Buildings Horizontal Vibration
Using a Mobile Phone Application
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Abstract

The cases of conducting the vibration measurement using the mobile phone with regard to the building’s horizontal
vibration are very rare in Korea and foreign countries. Therefore, this study analyzed the horizontal vibration nature of the
building using the mobile phone targeting 5 tall buildings, and reviewed about the applicability of the mobile phone
vibration measuring instrument through the comparison/verification with the data of the existing vibration measuring
instrument. The peak of the measured time series waveform was measured clearly and it showed a similar value to the

existing natural frequency.
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<Table 1> AS1E<] APe2A, A= 9

# 3 54, ¥l 712F WUAFE Bk

(Table 1) Overview of measured buildings‘”

No S1 [ s2]S3 ] s4] S5
Ref Yoon, SW” Koo, HJ?

SuIp[mq JO JIOLRPXD

Height(m) | 1162 | 1335 | 2433 | 1302 | 237
Floor F) | 31 | 35 | 60 | 34 | 64

Dimen |Long |y ¢y | 53 | 5
sion of | side

Building | Short
pan () | side

2.2 AE A=29 RN

<Table 2> AZH 57159 +x ZHI} TLXA|
dozr d2x , ddIZagexa T4
Ak A7IM HEEe AT 71T Bt AE
TrEEE AR Yy, FEHEIEAY
Exe AEY 7T AFHIZIYEZ|L

A5 B 222 B9 Foste”

(Table 2) Structure type and system of the

building
Structural systems
" Floor | Structural
Re No ® type Long Short
side side
51! 3 S Braced | Braced
frames | frames
Yoor;,) so | 35 S Space Space
SW structure | structure
s3 | 6 S Braced | Braced
frames | frames
Braced | Braced
Koo, |S# | 34 RC frames | frames
HJ °
S5 | o4 RC  |Qutrigger |Outrigger
2.3 HSEX]
2.3.1 FHE ASEA|
2nld A FASA =YL MM, 215 $47), FFT
27174 A|stEo] Qla dukele HA AR
[e] o
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o

a) Vibration measuring b) Vibration measuring

instrument. App instrument. Main view
(Fig. 1) |-Phone app of vibration
(vibration app ver. 2.01)¥
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7t (Sampling rate)S A

(Fig. 2) I-Phone 3 Axial direction®

2.3.2 7E AEER|

<Table 1>9] 5-1~5-30] AH&3H ASgHI= AR
HEEAANE AMSR N, Heol"e 7153
FFTEAS ¢J8le] y|der=9] Difa Measuring *|
2699] 4398 APB200 HES RERPCY $172
33Tt Signal conditioner= VAQ700ASE ©]-8-3f
Atk doly AL ARIIEEA Y AlX-—
Signal conditioner—>FFT#4]7]-PCe| A Z A2
3933, <Fig. 3> AZ7]7]9] =0tk

Servo Signal Acquisition PC
accelerometer conditioner system

(ASQIA) (VAQ700A) (APB200 Board) (Matlab)

(Fig. 3> The configuration of the instrument R

[

(@) Servo accelerometer installation situation

(b) Signal conditioner and aquisition system
installation situation

(Fig. 4) Vibration measuring instrument.
installation conditions"

(Table 3) Instruments Overview"

MeeTsunng Model Main specifications
equipment | name
Servo ASQ CA ‘Magnitude : 1g

acceleromreter| (kyowa) |-Measured range :0.00001g- 1g

<Fig. 4> ASgA9] A=A F&oln, A= & Signal [VAQ700A| 4 1 No: 5 ch
sgvikeel ) AASHATE HSEA A4 SE o conditioner | (kyowa)
w2 Sio] FEYge] TR ANt MEYR Aquisition | DIFA200 - 4 ch. APB board
=7} ohd vz gule] WARES AZdES yotem | (VD)
shdth Z1EA e AR T g 71
MR 219S AHgshTt)
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<Table 4>= APATE] 7|& AF7|7]9 AS=
A 2 3f AEe] daolt) S1~635 F5-9]
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22 13Hz, FFT &5 W92 65HzZ A3}
AZH 9] ¥8% 5

=

¢

o
g 99| ofjolt}. <Fig. 6> Ay} wh
HEH 02X <Fig, 6 (a)>= st G
o tigh BJ=HE- ], <Fig. 6 (b)>= 2071
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S5-4~55% AMZE 1AL 200HzE 3tFen, A=

AR H A 303 o] HEE st 57159
IHREF Fo|A] 54, 55 &, o s BEFaA
&3l HAAE A Th

(Table 4) Vibration instrument condition in

measurement
Natural
Floor Data Frequency
Ref |[Nojcount (Hz)
(F) |Samples/ [Frequency] Nimber of Short| Long
Ensemble| Range |Ensemble|side | side
51| 35 | 409 6.5 4 032] 031
;{3\‘/’“;) S2| 4| 8192 | 65 10 |036]035
53| 60 | 16384 6.5 20 018|017
Koo, |54| 3 | 36000 | 100 | - 032
HJ ”lss| 64 | 36000 | 100 | - 0.19

TIME CHN 1
LIN pm/s?
17838 -20.559

TIME CHN 2
LIN /52
-233.30 71.347

o

8 16 24 32 40 48 56 64 72 80 88 0.000 81.84
LIN CHN % -> S
Difa Measuring SysTems Status : Count : 0

(Fig. 5) Vibration measuring instrument data (S-3)”

[T20] APS CHN 1
PSD nmz2/(s9)

%0 03076  3.5014

60

| : \/J\AAJ

280

APS_CHN 2
‘ PSD nm#/(S3)
200 ‘ 0.0358  1.25014

\
120 \\
l

40 ek fo
ol L A VAN

0 8 160 240 320 400 480 560 640 720 800 12,207 7324,
LIN CHN * -> mHZ

Status : NOP Count : 0

Difa Measuring SysTems

a) Ensemble 1 power spectrum (S—3)1)

periodonram : Y-Direction

0.25 .
02

| |

ol e A LJA’M\"./\“‘V\\. A
0 01 02 03 04 05

Frequency (Hz)

Power Spectrum

b) The average of the power spectrum (S-3)"

(Fig. 6) Vibration measuring instrument Power
spectrum
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(Table 5) [-Phone Vibration instrument condition in

measurement
Natural
Floor Data Frequency
Div  [No| count (Hz)

Samples/ FrequencyNaner OfShort]_ong

Ensemble| (Range) | Freentle |side | side

Yoon 51 35 4096 5 3 0.37]0.36

SW 1y [S2 4 4096 5 6 0.30] 0.35

' S3 60 4096 5 10 (017{0.19

Koo, |S4f 34 4096 5 4 031|031

H]J G 4096 5 5 0.19/0.21
0.008
< 0006
% 0.004
= ooz
B o

@
& -0.002
g -0.004
< _poos
-0.008 | ; ;
0 50 100 150 200
Time (sec)

a) Short side

0.008
0.006
0.004
0.002

-0.002
-0.004
-0.006

-0.008 T | | {
0 s0 100 150 200

Time (sec)

Acceleration {m/s?)
(=]

b) Long side
{Fig. 7> Time series of | phone vibration measuring
instrument (S-3)
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(Fig. 8> Comparison of the data difference
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g oo
E  o0.0005
=
S 0.0004
B
a
@
3
4
o 0.2 0 06 0.8
frequency (Hz)
7 d) (54)
— 0.19 Hz
mm
£ 0.0003
=
(=]
2 o.0002
T
@
|
£ ow00
0 0.2 0 0.8

frec;_lency {ﬁz}

0) (55)

(Fig. 9) Power spectrum (Short side)
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CI. CTE CTL CTE :TE :Il
frequency (Hz)
a) (5-1)
0.35Hz
O :TE CT—' CTE CIE 1
frequency (Hz)
b) (5-2)
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(Fig. 10) Power spectrum (Long

Hz)

side)
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