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Abstract

In Seoul, total 27 places of foot-bridges were chosen to evaluate the damping ratio through vibration measurement by
mobile-phone application. Model vibration test was performed to compare the natural frequency and damping ratio between
the conventional accelerometer and mobile-phone application. Measured average damping was compared with the one of
Bachmann. The relation between the damping ratio and span was also investigated. Measured average damping ratio was
greater than that of Bachmann. It was shown that there is no distinct trend between damping and span.
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199049 AHAREY AZAR T ME B
S| Bk Fxeo} EFET BYE QT I
R B3Pz AL Twstua AL 9 A
= 571 SFHA F 36774 BEN F 66740
3 HAHzAL HHZAL ARRA 52 AAEAT
ZAAF <Table 1> Zo] BEnw F AL 2370
(35%)<F A1 871(12%)7F W& A
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A g Beto] st nEwel hdHA
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(Table 1) Vibration survey™

Seoul macj)ct)l;elc;it?es Total

Vibration | 23(35%) 8(12%) 31(47%)

No vibration | 23(35%) 12(18%) 35(53%)

Total | 46(70%) 20(30%) 66(100%)
A3 (2008) sl e} Z=o] AFAEA Ve =
ARkl 11 A &S Bl Aste] AAA HEw
of et A 71ES AHE = =S ATstinh
ARJA2007)2 HEN F& F 53 A gl
HYATE = B 23 B So] WA HEW
of tiste] 571 2AR} AAZE B ARl
& AAES B7F dEstaL o] 2411 8t}
ARt 45 5(2007) =u-9) =
AEAHEA 7]%—7&E9} ﬁ%xﬂﬂ%ﬂd ol shiel

T g TMD ALAS ATsiyct 2EIP
T719 5(2013, 2014)= ?frrﬂ% AEAZ7)E o
g3l REwe] gd 1HAESF 5o AFEA
< AT =3 =] 6579 HEwe| A
TRAFFAL Aokslyon, o] REwo Fx
Nz g A7t 1RAE54 S Adstdnt
2.2 siQoiT

Bachmann et al.(1995)” & AlA zZ+=9] BE
W] AFAZ HolHS HgO R <Fig 1>3 2
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(Fig.1)> Footbridge fundamental frequency
as a function of spanm

(Table 2> Relationship according to  construction
types™

Construction . : i Quanity
oo Relationship Quantity |\ hed area
39
Concrete f= 7077 & 2
3
Steel f= 073 16 3
_ .42
Composite = W 6 !

Pimentel et al.(2001)< Europe? Canada®llA]
Agsta e HEng FAsF ha A
Ao et FAS Hlm BAsga AAAH A
SAHEA i3 2AAE HRoR VA HEW
£ AdE AASHA T Hartley et al.(1999)2 73t
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(Table 3) Specification of vibration system

W ANETY A4
T2 AESY] st BRERS FAREE @A
ZYo|E Y FY 7IEEA L FHE J5AS
715 2y A4

4/dE 2] Sampling rate= 80Hz°| ™, 50.96sec
AZS AANEAT <Fig 3>3 Zo] 39 A
14 173s5E A on, 7HEEA 9
ol 838Hz, Fl& UEAS71= 0.39HzEA]
A= 0.12% 24 A 23t glo] Aaghe &
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(Table 4) Comparison of ICP accelerometer
with mobile-phone type

Item Specification
Capacity tlg
ICP Output voltage 15V
accelerometer | Volt sensitivity | 5,000 mV/g
(Dytran 3191 A) | Transverse 1%
sensitivity P
DYNAMIC Channel 4
ANALYSER Filter 90db
(Signalcalc
Mobilyzer) Acquisition | 5 Hz ™ 80 kHz

Natural Damping ratio(%)
frequency
1 2 3
(Hz)
O
838 1.06 1.02 1.02
Accelerometer
@
Mobile phone 8.39 1.01 1.05 1.03
Error(1-2)/
012 447 294 0.98
Dx100) (%)
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Al Rew Al REwe| 7153 7F &
A8 7170 2 ST A2 )0 AliasingS
317 5t WERFIE <Table 5> ()~@QH X

SRS 20Hz, O)~(27)H BEa7AE 10HE A=)
(Fig. 2) Mobile test Configuration Ak

St gy
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o, R R Y M e S S s S
o 100 a 20
(a) ICP accelerometer
e (Fig. 5) Measured span and location'”""®
FE AEsAS7IE EEnY g F3sE 3,
<Fig, 6>} o] Bv) mwE Bo] olglo] Aspiero
w0 2 10~203] ARz 471% gt HEwe] A5
o] AfFIET7F 200, AFol|A MY ERE <Fig 6
i ok 2000 ado (@)>2} Zo] 2.0H 5 ’\Vi 3 7THRRETE S7HAA
(b) Mobile-phone App BEwol F7& AR AHrzlEuEe] HEsA
(Fig. 3) Power spectrum PAE A F= Aol G AHER|A AT 1H
- A&l &3 AAEAAE o83t <Fig. 6 (b)><F
i
- 2ol nEwe] AR Tl Y5 ol S8t
2 o] 1240 A2" IRATFE AAEAA ] A5l
gm" WA A BARE] = S g 2 oAl ARlE] F7
.
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(a) ICP accelerometer

Damping range

(1] |‘ ”
ﬁ 21 134
A AN N A Ao ,\
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¢ W
1
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(b) Mobile-phone App (a) Vibration with mobile phone  (b) Vibration with metronome
. . . . . - - - 8)
(Fig. 4) Free vibration time history (Fig. 6) Vibration method
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WA 6714 HER F AFVENG) YRS gnh BT AF ARAEHYY R 29 EY
7/&0 HENE QST HEwd bl £ & BAste] Y u{%559 AFE <Table 5>
= BFEAE Qg Aol tEY] wid Ats o} Zom Areo 2 ATIYT. AZUY EER
AZ3t9t}h 27 20m ~ 30m7F 1170, 30m ~ 40m o] AJHBL o] =EME A s YTk
7} 1370, 40mE ZF3h= Zlo] 37)o|th. <Fig. 7>% . 2
. . (Table 5) Summary of the foot-bridges
Zol A} RERES AR ERsATP
No. L(-Err:qg]th Strtl;(;t:re S[l:]n - Dazl;}))ing
" 1| 226 [peaeel | 203 5.35 0685
1 2 | 246 [poateel | 222 4.54 0736
; 3 | 298 | Seel ) o228 4.53 0721
f 4 26.0 |peoeel )1 255 4.02 0776
’ 5 | 273 |pemiel )l 260 4.07 0726
. 6 | 298 | el | 266 6.09 0646
7| 326 |pemieel I 270 4.41 0677
20730 30740 40750
spanm) 8 | 29.6 |pemieel | 274 3.68 0644
: . 9 | 300 | See 27.5 3.17 0509
(Fig. 7) Span of foot-bridge rahmen
10 | 300 | Stel 1 o4 3.15 0645
TEA2HL <Fig, 8 (a)>9 2o] REmO] 13l | 300 |yl ol 29.0 3.45 0445
B7} £% o2 7% BoxB4 EE Pipe®2o B 12| 326 |powel )l 303 3.38 0.774
TuE 7TZR (Steel beam)Z, <Fig. 8 (b)>9} 2 B | 481 [ el f 320 3.67 0492
o] FZES 7|EA M2 7|57 Ko HHo] 4 | 348 | Steel 33.4 3.38 0.764
AR SR o]Bolx REwE Z7Z gl 15 370 |pemiiel | 34.8 2.83 0429
(Steel rahmen)ii BEs9ch LA ~HES A 16 38.5 bcf&gtw 35.3 3.09 0520
3 A3 A7z Ko TRA2H 1748 713 17 | 339 |yl )| 355 3.45 0574
mow A7z el 1074002 18 | 390 |yl )l 36.0 2.14 0624
19 | 406 |l f37.0 2.46 0750
0 | 440 |y el 1 375 2.03 0860
y” 39.0  |peameel )| 377 2.12 0772
400 | Steel f 380 3.44 0748
44.0 | Steel 38.6 3.43 0687
% | 400 | Steel 1 387 3.27 0576
: 5 | 702 | el | 404 3.38 1002
(a) Steel beam (b) Steel rahmen % | 536 || 460 3.55 0851
(Fig. 8 Structure type'”"® z | sz [ Seel L 464 229 | 0598
AFUAXSIN _43
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(Fig. 9> An example of vibration tests
(No.24)"
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(Fig. 10) Time history of free vibration
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(Fig. 11) Range of damping analysis

4.3 ZE AsZ 24
Bachmann et al.(1995)[5]°] AA Zr=re] Rl
o] 215AZ vlolE & HEOE AR A5FAE
28 &3 ALA 277 RERY 7H4&S HlwaEty
t}. Bachmanno] A|oslk 7HA] REwol 74489
A2tk 02%9 Hoik 04%2} Hlaghe EEo]y,
AZE & AH 141554 4HdA
A 147%

27709] HEN 7H&L HAagkol 0429%, Ul
He 1.002%=A B 0.675%°|th. HAH
0.675%+% Bachmann®| B+ gt 04%HT= & e
UER I Q)T

¥3 Bachmann® AREA 7HEE AZHA
0.7m/sE 7+4]80] 06% 14 BEmoAs=
Ak e de AFsta Aot 27714 EEn

oA 20719 REN+ 06%9 74 ES Hole
& Flan.

>}L O{N e ¢

(Table 6) Damping ratio™

Minimum (%) Average(%)
Bachmann 0.20 040
Measured value 043 0.68

4.3.2 dalge| Z7in
AEN Y 2774 REwe 7
12>9} 2t 24 &< fé}
7 dolg e #Ar} As
(R2)= 0.0256 2.2 4 % A%ﬂr
zb7) o¥ 9Tt <Fig. 12>+ 7241 &
o FadAE 48] AT 2 zolnt.
9] 2H5(R2)%E 0.0003°.2 4 a
FBBATE A e Ae & T Ak
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