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Analysis on Dynamic Characteristics of an Observatory Tower by Using
Mobile-phone Application
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Abstract

It is very important to calculate natural frequency of the observatory tower correctly because it is keenly affected by
wind response vibration due to its large slenderness ratio, weight and small damping ratio. Additionally, suggestion
equation of natural frequency being used in the design phase has considerable difference between actual measured value
thereby making it inappropriate to be used in the serviceability design of the observatory tower. Therefore, this paper
conducted an ambient vibration measuring on 10 observatory towers through mobile-phone application thereby calculating
the natural frequency and comparing the result with the domestic and foreign standards and that of the eigen-value
analysis. This paper suggested approximate equation of the natural frequency of the observatory tower; T=0.0266H. The

square of the corelation coefficient is 0.940, which is high.

Keywords : Tower, Mobile-phone, Vibration easurement, Ambient vibration, Natural frequency
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2.1 A& EtYEYTIel HEMR

AZthge w0 BORRN 107042 2 AL
sk deva Bz Agadon 4 1)

<Table 1>& #AZ Et9]9] Ao 2A, ASH 10
Maol B9 S, =], 72 THE A
<Table 2>= A& B9 ¥ Yehia Sith

(Table 1) Measured buildings

Name Height | Floor Year Of Structural
completion | system
Seoul N 267 8F 1975 SRC
Tower m
E World 8 | o | 836 | 2013 RC
Tower
Yangsan | oo | 6F | 2007 s
Tower
Yongdusan
120m | 10F 1999 RC
Tower
Alpensiar | ;00 2009 SRC
Tower
Hanam =1 0501 2006 S
Union Tower
Guri Tower | 100m 1992 SRC
Sokcho Tower| 74m | 15F 1973 SRC
Mountaintop | o> 1 35 | 2008 SRC
Tower
Songho | ) om | 48 | 2001 RC
Tower

(Table 2) Exterior of the towers

Seoul N | Union |Songjiho| Sokcho
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2.2 HAEEX|

71E9 AEAZSAYE <Fig 1>7 Zo] AH 7}
%57, 4% Z47](Signal conditioner), FFT 2]
7] = 77 Zk5eojof shH, HlolE] A2 A
H7MEEA Y] AlX—signal conditioner—FFT4
7]1-PC T8 AI&ES FASE A4dd 1ot
o] Hlgo] A9 HTh Hgh B Qg Agto] &g
Hck webr o] AFME <Fig 2>9F 2o] AlA
2% Z747], FFT £4717F dAst=o] da dur
A= AN A glo] sk Helsta {7

<

¢

(a) Servo accelerometer installation situation

(b) Signal conditioner and aquisition system
installation situation

(Fig. 1) Expensive vibration devices

Quick Links

What's New

Contact Developer  Getting Started

ibration Web Site  Credits

Help Contents

igsering

(a) Vibration measuring (b) Vibration measuring
instrument. App instrument. Main view

(Fig. 2) I-Phone app of
vibration instruments mobile phone
(vibration app ver. 3.05)

JJr 2ol X, Y, Z9] 3
TR E) ol o

7 WdEo] 9lom, 35 7]‘—‘“: = °k002g4 Zan=
o} A £2G7FA| AlZo] 7Fs8ltl TS Vibrations
App< 0~100H 39| HJolA Sampling rateE
AA3te] AAIZTOE <Fig, 4>9} Zo| 350 it Al
A<D 2483} FFT £40] 7}s3icy).

Accelerometer

(Fig. 3> I-Phone 3 Axial direction
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Sample Save Load Email Data _rms Frequency =|+0.002g

X MirI =-0.0p8 Max|= 0.011 rms = 0.003

rms X = +0.002g

FE AsASS FUE A5AS7Y S| &
HHo|ZE BAEla A58 ASHeHE 47
S8t A Thed AFES] HGF ol
A vigEgBo) T2y st Fol8 WA
719 RUE7L 91%-S Feles sto] At A
5 A AHEEHTE FoE] AR 137go|H, -3t
AHEE gEo] o) B, B o] 645mm’, F-2}
Z=7F 100g/250mm’e| B8 71&0] WEAZ79

S E} AZol

Fol 35 WFeZ 747} 7)€tk Sampling ratesS
40927t 7150 Ny ASH

AALHGH FA5E BAE] 93 Sease

AEAZE JANEAZS Btol de AAD
o] 2MEYL ool AHAFFE 2
ahich

3.1 71& I7F7| H|2ta

Nz APAT % selriEel WAl e
WRFE) AR F ASHIHR R E 572N
S B3 79 YL Aus Mg B

ok 7] S40] Ake A Qe B2
AoFageTre AFTE A4 71E0Y
4 (1), (2, Elis"e] d=d22aseys, 427
o] 7% Wig A4 4 (3), LI A=
Tzo} A2A2EIYE T2 AZ ) U 37
AL A @, A 6), A ()l
T=0.015H 1)
T=0.020H (2)
T=0.022H (3)
T=0.021H (4)
T=0.024H (5)
T=0.0155H (6)
71 T @ AFF7(sec)

H : A%8%0|m)

<Table 3> td A== 374, 7= 1t

98 AHES ) o), A S5 FE YA
ok Ak RS e £Xo) A 1}
F/Mh— )y\]:]’.

(Table 3) The proposed formula and criteria
of natural period

Structural[Highest

Author | Formula system | height

Sample| Year| R®

T=0.015H [RC/SRC| 1298 | 43 -

2000

20007 |t=002011| S | 1674 | 25 ]
S

Ellis? |T=0022H1| SRC | 200 | 163 |1980| 08
RC

T=0.021H| SRC | 2339 | 10 093

2 2003
Yoor? |T=0.024H| s |233| 11 086

T=0.0155H| S/SRC | 828 10 |2015|0.965

50 _H 163 H2% SH64%, 2016. 6
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& AAsle] 1AREY DRAFTFE s g
¥, the <Table 4>st o] FESIAh 107429 DO | ulakid o |
AE YAL 10Hz2 ASADLS 8% AS o1z LI L AL | WL
AZE 93 Wa 58 7etste] 409638 A4 R s
:5]_0:]/ 00]—)2)]—%% }\]E%'/—F% 4/ 96§- 9 S\ﬂ;\j—l‘r OO]:}E;'—% '/:[: Time {sec]
A - J zZ] =) =S = . .
= 1215742 A3kt Bele) S X YF 2 (a) Seoul N Tower of time series waveform
$ U] AR IR TFE AH, geg -
walx) 2w shte FUSD <Fig 5>E Foie o
;1(_]%74]%‘7]% %8}0:] Oé% :ﬂo]Ei '6‘ Seoul N 58 0.000s
Tower$} Yongdusan Tower®] A|AIE 987} 5} 2 ooms
/\J'“EEJA 01]/\] E—d‘l‘—]—- 9J\ ‘ 107Hp/] 7:]]_%_]:." %UUUUZ
o]E] =d|A] E World 83 Tower2} Hanam Union <t oo
TOWGTP/] 7:”—%1}“ O]E17}— 111@’“6‘]—7(] OJ'O]- __T_!_-?FX]E}‘ ! 0 0z 0.4 05 08 1
fi H
S 4E& & UATE <Fig. 6> Seoul N Towers} reauency (2]
Yongdusan TowerZE A|€]3 87H4-9] ER) M"Y (b) Seoul N Tower of power spectrum
o] B9)zs e o},
0.004 | |
(Table 4) Measurement data of buildings ? oo
Analysis of data Natural % oo
I‘IElght Y < _noos } 1 } B
Name frequercy 004 |
(M) | Sample/ | Frequency [Nanter of 15 0005
En.Semble lHd(I_k) a.wﬂe a 50 100 150 200 250 300 350 400
Time (sec)
S?’“l N 7| a6 | 10 | 12 | oz
E V\%‘Qﬁr 3 (c) Yongdusan Tower of time series waveform
202 | 4096 10 12 N/A
Tower
Yangsan | qe0 |46 | 10 | 15 | 026 0.2
Y To‘ger @ 0.000&
ONBAUSAN | 1o | 4006 | 10 | 12 | 024 g
Tower T 0.0004
Alpensiar | 100 | uoo6 | 10 | 15 | 048 B oo
Tower i <
Hanam Union 3051 4006 | 10 | 12 | N/A i - » e o \
Tower .
requency (Hz)
Guri Tower | 100 | 4096 10 12 0.49
Sokcho Towerl 74 | 409 | 10 12 057 (d) Yongdusan Tower of power spectrum
M0¥ntmntop 272 | 409 10 12 0.77 (Fig. ) Ambient vibration measurement
ower
Songiho | o | a6 | 10 | 12 | 124
Tower
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(g) Mountaintop of power spectrum
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(Fig. 6> Power spectrum of Observatory-tower
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(Fig. 7) Regression equations of natural period
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(Fig. 8) Comparison of domestic and
foreign natural period proposed formula
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