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2 1.398 0.7151 1 3 52 334
3 1.434 0.6974 1 3 160 69
4 1.857 0.5384 3 4 479 240
5 2.072 0.4826 3 15 31 3344
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35 23.027 0.0434 52 37 202 98
36 23.429 0.0427 53 37 393 0
37 23.921 0.0418 55 37 750 0
£5 F7E L7= Rayleigh B DO
Moy ze iyl | AR R
BB URTEIRBIHZ] (LKE—R) 1.6104 1.2136
FUEERB ISR T 2 @] 0.0187 0.0294
A ERBI I [HZ] QIRE—R) 7.0334 4.6079
S ERB ISR T DI E ] 0.0073 0.0191
0.10
0.09
0.08
0.07
Z 006
&
¥ 0.05 T
&%
E 004
\
0.03
0.02 % T |
001 e, | °
Q 5
0.00 -4 Q v
0 5 10
JE W% (Hz)

—— Rayleighis ¢ (i1 73 % #]15)
AR T2 (5 5y ZE R1)
LR HefL G B 0758

O H/ZERIEIC LD AT E

SEURTELL (53 22 i)
= Rayleighii 5 GE I 17 57 )
S5 2R HF2 GRS A % 7 785)
@ HEMR LD A

®-8 #XE L7 Rayleigh iz

7o, FRNTET UK Z BT R, SRR ThE TRosks B
(2, PLAGHA, P2AGHA, PSAGHAIES X OF P6 G4 [E e 4
& LT, NS ORGSR I FTEIARA:,  FathiE
TN TE TS L UCRRE L. R Bt
EHE T VBT H Y, BT I TET
MM LTz. 7pds, HIERISEMANTCIE, L-yL 1R 4



—_— e —— EE R

4.0

o el
@ 20 | | | R NI
E 10
sy 00
& 10 I
| 20 I it | !

3.0

4.0

0 10 20 30 40 50
521 (s)

% 03
E
N
2 02
EN
¢ | I
X 01
H u MMMMW
T Wm
1h 0.0 Al e N\‘

01 e

X9 PLAEMREREHTHRG R

(LB - IR, TE:: 77—V 27 L)
[ — mozms — sy
4.0
3'0 | 1
% 20 © -
E 1.0 I.I | 1
I 0.0
& -1.0
& 20 } i R
-3.0
-4.0
0 10 20 30 40 50
%1 (s)
= 0.5
E o4
A
> 03
2 02
E 0.1 T 4
T 00 MWy
N 0.1 1
JA(s)

X-10 P2 AGRHI AT S 5
(B IR, TE:: 7— U AT ML)

AT 5728, FEHEEOIERHE AT T M BIE

L CUVRUN,

VERR LT-fHTET V2 W T, ERE R E YORE
NHWETEE h (RS - St oBEETEHE =2, T
A © 227 U — MEMOREEER h=2%) LY, O
THT R F =IO — FEREZRD L 2 & & HE)
2, 7—F U PimEEESIE L LB 21T o
7o, FENTET VOBEA BT R 2 R4 1TRT.

@ BT ETILORBEHEDERE
ErZERRNEORERE (6— RS 1%, RESN:
Uﬂﬂ@@ﬁlﬁﬁ(.ﬁ%@@ﬁ,%“F%@%)K

— WM — ERERSE

IRFZ1 (s)

I 00 | PN n
0.1 1
JE1 41 (s)

K11  P3AEIHR ST
(B MR, TE:: 7— VU AT b))

ANANAAASIAA A AN

KLUT, [FERENEWEHEE SNIZRI3 DNy T T
HORERAE AWz, Fi2, EEERTE YORETEEE
FATRRE LTfHTE7 VOBEGTERHT OSSR, AZVE

BORREWEREAMEL (BAIREES;, E— NBiEh,)
M L7z, EREnOEREAII L, R Rk
(2 & D Rayleigh JBIZD/XT A—HREEATHT-. TNE
N, FRE L7- Rayleigh iz 2 &R-5 B L OR-8 (<7

B8 LV, fHrzeik & ERE Sz Rayleigh JH0=1E
BT & 1’T HUE SN AIERHEE W56 & @
INSUNBERE T o7z, FRIT 3Hz LA E DA T
T TR ZEMNAIC K U BRE ST EEAV NS 7o TN D,

ST ZERNAIZ L - CRE SV EoR Y, |21/ L
TeNTINT A =B SOBHAT — 2 DA Z T TN D H]
REMER DV, SHEBIIIS DT —# CRER R e S FEH
PRI TS D,

(3 HEREEBITOFER
BRI ORE 2L S B2 T L0 PLAEH, P2 4G
JE, P3 FEE RS O REATRE S ORI & 7 — U =4k
AR AL ZEUR9, E-10, B-11127R7.
INHOREY, EEERFEE SO TRE SN

PO L 0, 2R NS TR S =B 2 A
TIRATHEROTTN, ENENOREHIOIE MK E < FH
X7z

72, ZNHDKEY, PLEHE P2IERHO7—1) =
A7 "V, 01Fb, 015%), 040 phfhuriceigk L=t
— 7 RIEZFF OB LT SB M & e o 72, P3 FBINS:
02 VRIS B 25%, PLAGHAISC P2 /G & #2702 2 Rk
L TCWD, ZHUE, SOKE AR BBESHCRRIE LT-R
BCTHDHZENEZLND.



F70, HHZEMIETRRE S4Ve Rayleigh 8213, 1Hz
YL EOEEEEAIT, EAEATO Rayleigh J8z L0 &
IhNSL 2D, ZDT®D, REAEONLHEERIE © FJE 1A
KREL bR ETeoT.

5. F&H

AWIFETIE, MR OZEEBIARLERZ VN TEY S
MEZEH L, EAEY &R Z 1T 5 2 & CF
D% SBHFLERA~OBEHA FTREM 2 RE L 7=, ZHuc LD,
PUFORIEMG BT,

- IO ASMEZE VS Ordinary MOESP %2, & A7 A

FEEIZHWD I (F—280) BO7rngG
D SSI-COV KN, [AIE S - BEEEA AN C72
Molz. —F, 7 VHINE%< Lz SSI-COV ik
1%, BHREAEAHREWTS Z N TE T
SSI-COVIED T 1 7 M Zhwiisl 2% < L2 b
[FERIZ, [AE SR EA AR Cleno Tz
—F, AETHIEEMLE LT L0Hz O EAHUEL
L, ZTORID I~5EREE 725 X912 M=110 &
LTRIELTZE 2 A, HEEEAELHBIZHWTT 2
T ENTE
F&D X 5 72 IREh DO AT 17 R IVHSEHIE G2\ WEEY)
(Y ZERNAIC IS VAT AREZ BT 554,
YT M ELL L, W70y 7 ERE
L 7= SSI-COV VEN R Z [RIET 2 Tk L LTl
LTWbEEBZLND.
BROYZEREIC TS < AT AfAED SSI-COV {5 TRE
i SN BIEORG AR OE— FEERIE, EEEG
IRFTENR SN DPEERAE L U /S h=05%~2%
TdHoT-.

5%, OO CBII S itk T =ik %
AT 22 &0, EOZERNED T A—2 B E5
72 EORBPE ST AT L, AR R ARG 5.

SER

1

2)

3)

4)

5)

6)

7

8)

() AAERHS  ERERE - RSV i
ek atHE, 2017

IREBERE, KAFBHE, MEEA, THEE, Hil—
H, BEET  RR T ABITET 5 2018 4 KU
ALE IR O MR ELIHI R & S BRFE OFHE, LAY
SO AL (& - R %) , Vol.75, No4,

1_476-1_484, 2019.

I —f, S A0, =5 MM EZRICES < gE
B 204G DI E S O R IR & ARRRE T O fili B il
HE, TARTSWICE AL (S - #IETY) , vol.
74, No.1, 1-12, 2018

FHEEE, BT, P, SRAREZ, HE{,
RATERES « il — BEEROMBE=2 ) 7
AT DOREFEAANT T2 HMRGE, HAMBETFR -
K22-2020 FEAEEE, 2020.12

MEHEE, kEFIELT @ B 2EHIEIC S U AT 4
[FIEC & 2@ 0 A IREVEL & R ER DO HEE RS,
HABE G R, 5 79 &, 5 701 &,

932-932, 2014.

M.Verhaegen and P.Dewilde : Subspace model identifica-
tion Part 1. The output-errorstate-space model identifica-
tion class of algorithm, Int. J. Control, Vol. 56, No. 5, 1992,
pp.1187-1210.

B. Peeters : System ldentification and Damage Detection

in Civil Engineering, Department of Civil Engineering,
Katholieke Universiteit Leuven, 2000.

F. Magalhdes, A. Cunha, E. Caetano : Online automatic
identification of the modal parameters of a long span arch
bridge, Mechanical Systems and Signal Processing, Vol.23,
pp.316-329, 2009.



ESTIMATION THE DAMPING CHARACTERISTICS OF THE ENTIRE HIGHWAY
BRIDGE SYSTEM BY SYSTEM IDENTIFICATION BASED ON THE SUBSPACE
METHOD

Yosuke ISHII, Satoru Yagi, Masayuki YAMADA, Go SAKAGUCHI,
Hitoshi MASUDA and Shojiro KATAOKA

The damping characteristic is an important parameter in the design calculation of the structure. In this
study, the natural period and damping characteristics of the entire bridge system were calculated from the
continuous behavior observation records of the entire bridge system using the observation records of weak
earthquakes and the records of constant vibration. System identification based on the subspace method was
used to calculate the natural period and damping characteristics. The purpose of this study was to develop
a method for calculating the vibration characteristics of the entire bridge system, and verified the applica-
bility of the subspace method for multipoint observation records of bridges. The mode attenuation of the
entire bridge system of the target bridge in this study was evaluated as h = 0.5% to 2% by system identifi-
cation based on the subspace method.



