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The Evaluation of Effectiveness on Horizontal Ambient Vibration
Measurement of Tall 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. However, the research on the tall buildings with relatively small vibration levels is
insufficient. Therefore, in this paper, we used the wireless MEMS sensor and iPad to compare and analyze the vibration

measurements of three tall buildings and two towers.
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Belesiey?
(Table 1) Measured buildings”*"®
No S1_S2 S3 sS4 Sh
Ref Yoon & Ju Moon & Yoon
: (2003)° (2016)°
Exterior of
building
Height(m) 1162 1335 2433 105 100
Measure
location(F) Z 3% 60 2 2
- Lovg 0 3B - ]
sion of _side
buildirg Sl?ort 20 4 - -
Panfm)  side
Structural SRC S S . e
system
2.2 AZ EA

2.2.1 HEE AF FX|

=il A AS A2

Email Data

(a) Vibration measuring (b) Vibration measuring
instrument App instrument main view

(Fig. 1) Vibration of i0OS App
(Vibration App ver. 2.01)”

Ful& XUE ASVI= <Fig. 2>9 2| X, Y, Z
o] 3% W 9 71&Ews 148 7 Tk
)l thgk AT ASS & F lom, T4 54
&= BUHE dolA Mo rhsstth folE e
AZ AulolE MEMSS] 7H:%7|(BMA280, Bosch
Sensortech)7} W= o] 3o 359 7HEEAE oF
0.02g #=ot Hdl £2G7HA] ASo] 7Fssith. BEgt
Foi8 2E A57] App2 0~100H: 33 2] o]
A AZe 7H7(Sampling rate)S AAE 4 )

(Fig. 2) i-Phone 3 axial direction”

2.2.2 24 MEMS AZ x|

4 MEMS 7HEE AS ZA= MicrostrainAt
oA 7HEEE G-Link-200 7FEEA] A|2~HS A8}
AT<Fig. 3>.
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(a) Node®

"= LORD MicroStrain
WSDA' -Base -LXRS"

(b) Data acquisition®
(Fig. 3) G-Link 200"
A Q] A7)E 46,6 X43 X4mmE 3% 7HEEA
ol 1~8g9] =4 WS 7IKth 2GS AP
<Table 2>9} 2t}?,

(Table 2) Specifications of accelerometer'”

Accelerometer channels

Integrated sensors 3 channels(X, Y, Z)
Measurement range 1~8¢
Accelerometer bandwidth DC to 1kHz
Resolution 20-bit
Noise density (+2 g) Bug/y Hz

(Table 3) Comparison of noise density

Non-linearity 0.1% full-scale

Og offset (+2 g) 25mg(typ), £75mg(max)

Og offset vs
temperature (12g)

10.1mg/°C(typ),
+0.15mg/ °C(max)

TEEAE 4 MEMS AlA9] ARFES Blas)
¢} SHM 284 B7te & a7 W' Faste
5o FHE Fol st

FARE AZ Aol o]z AZ Aule] ko
= Yio] gtolof W33t F2 5A4E dopd 3l
ot webA G-Link-2003} 712 7REEA(FUE A
Z71)¢] Noise density Z7|Z H]13}e] <Table 3>
of Yehilth

Equipment Noise density(«g/v Hz)
G-Link-200 25
iPhone 120
GLink-2009] =0|= U&= 25 1 g/v/ Hzolal iPhone
of WdE BMA2809] o]z U= 1204g/V/ Hz=
oF 450 2ol W 271 Aol ek

3. MF HE
3.1 AF =A
<Table 4>+ =
o|t}, 57159 *é—gos 71E AE 741;714 A

AL 24 317] YaliA] iPad2} G-Link-200 274
& o] 83l §A] AlES AAISH

0 o Y

(Table 4) Vibration equipment condition in measurement

Data
No. Samples/ Frequency Nurber of
ensemble bend(Hz) esentle
51 1,024 8 12
S2 1,024 8 12
S3 1,024 8 12
S4 1,024 8 12
S5 1,024 8 12

81931 <Table 4>9F
0247Hi 3] 51224 A

[elle} o 1:!
Stk HE = 1274019 F 153623 A5
3ol 12,28870¢] H|olE1E A5}

AS dd AEY VeSS F9Fol GLink-200
AlX e} iPadE <Fig. 5>9F o] A5t % A
s AZE AASHATH

AE2 AU Aol §le Azt AAlstgem,
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3.3.1 AlAIE Tty

<Fig. 6~13>7 Zo| & 57/hE AAIE 33 2=
+ GLink-2007% iPad®] Hlo[HE HlwE 5= A e}
Wk 1= 57159 AAIE 3+ 1ejiazol| 4 RMS 71
T 3 % A= <Fig 4>9} <Table 5> Yelith

(Table 5) RMS of amplitude

RMS of Error

Bldg. Axds Accelerometer amplitude(g) (%)

G-Link-200 0.00010
X 9.1
o1 {Pad 0.00145
G-Link-200 0.00011
Y 885
{Pad 0.0009%
G-Link-200 0.00018
X 880
. iPad 0.00150
G-Link-200 0.00014
Y 85.5
{Pad 0.00097
G-Link-200 0.00017
X 85.7
iPad 0.00119
S3 :
G-Link-200 0.00012
Y 86.9
{Pad 0.00092
G-Link-200 0.00022
S4 - , 773
iPad 0.00097
G-Link-200 0.00010
S5 - _ 89.0
iPad 0.00091

G-Link-2007} iPad®] RMS 7}&EE  S3pE
77.3~93.1% 74 UEFSTE S4, S5 EFelo|H ¢
o] 54244 X, YZ°] tH FAZ vlolHE A,
wHo s PR ¢ shE FUskrh

= X
2 % *
=]
‘w 0.0008
8
S 0.0006
v 04
g oo
- .
vvvvvv .
N . . . b . .

S-1(X) S-1f¥) S2(X) S-3(v) S-3(X) S3(v)] 53 54
Buildings @G-Link-200 iPad

(Fig. 4) RMS of amplitude

(a) Measurement point

(b) Accelerometer
(Fig. 5) Installing sensor
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B3 oom
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R
@ -0.004
(S
E -0.006
-0.008
0 150 300 450 600 750 900 1,050 1,200 1,350 1,500
time(Sec) —is0 ——GLink-200
(Fig. 6> Time history(S-1, X axis)

0.008

0.006
0.004

0.002 |- g dt o

-0.006

Acceleration(g)
5 &
8
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time(Sec)

(Fig. 7> Time history(S-1, Y axis)

Pad G-Link-200

AE S10M A X59 RMS 7R g
G-Link-200°] 0.00010g &)1 iPad7} 0.00145g%
G-Link-2009] 7F5%= gto] oF 14.58)] 2etom i
Y=o RMS 7HE g2 747t 0.00011g 183t
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(Fig. 9) Time history(S-2, Y axis)
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(Fig. 11> Time history(S-3, Y axis)
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(Fig. 12> Time history(S-4)
AE S404 RMS 7KEE 3+ G-Link-200°]
0.00022g 12]il iPad”} 0.00097g= °F 4.4u1¢] 2}
°]E XYt}

0.008

Pad G-Link-200

L T

Acceleration(g)

0 150 300 450 600 750 900 1,050 1,200 1,350 1,500

time(Sec) — a0 —ciinka00

(Fig. 13) Time history(S-5)
AE S594 RMS 7FEEE 72 G-Link-2000]
0.00010g 183 iPad”} 0.00091g= ek 9.1uj9] A}
ol5 B

3.3.2 IxtlsT

233 AF Fhsd B9 20F a/dssE £
2 A3} GLink-2002 A% S39] X= 3l 3¢
2AEYS Alofsla HEd vAs HoFe why,
iPadv= AE S39 Y= sy /255w 2o}
9 = 9lodth AE 5715 HYAHEY Yz

o

<Fig. 14~18>°] Yepdlom, uflEs H>
<Table 6>l YEAT]

¢

(Table 6) Natural frequency of X axis

Natural frequency(Hz)

Acceler-

S1 S2 S3
ometer X Y X Y X Y S4 S5
GLink 031 036 034 030 017 018 016 032
-200
iPad - - - - - 018 - -
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