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ABSTRACT

As for the safety evaluation of existing large-scale structures, methods for estimation of the structural and
dynamic properties are studied. Sequential prediction error method in time domain and improved FRF estimator
in frequency domain are comparatively studied. For this purpose, impact tests of 2 bay 3 floor steel frame
structure are performed. Results from both methods are found to be consistent to each others, however those
from the finite-element analysis are slightly different from experimental results.
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HAFTZESL 723 4L A7z gUe= A5, H2 GAGA Y E4a Fo) th& Hol
BFolo 4¥H Yy 53 o=t Hd FHEAHE FoluR, S45HE YAE dFeEs weke
A3t £oF7} System Identificationo| . o] W & I 7] Fup g ol M) W} A7k H oA
PHo 2 i & ¢ Aok FuedYe] PH AU Yol FHET A G A2 Wyl
H3] $48 Holuy, §82f HHst AT 9T, vi¢ T2 APUoJEHE 2 73 WHo|t}. oo
H 3 A7k H o] 2 A AZHOn-line) 27 o] 7H535t, HIZZH A& HoletRE £ o] st5sirte
Aol AUt £ =EelME MZo] /i Fuedds AngYge FE45:YWHS 4¥FHeE
AESRZ, & g9 Yol 7t 54L& 38 ndd.

Fubg g wHo g 71&e H(f), H(f)z Hy(f)BIiol AMze] At H,y(f)10],
H(f)l618 2 a3t 3, Azt Aol e ozt &34 o2 ¢ xpuhH(Sequential Prediction Error
Method)[1]& 2}g3te] 22 EL] §E5HE 235t S A5 gty oz Agayye
I 4o uiel g@eyy(Batch Process)z} ¢} ] ely)y(Sequential Process)e] H$=z
Yrol 34 4+ Ao dEXNHPES Y3 $Ho doletg AW Halsie WL o
Yo 43k 712 LS(Least Square), IV(Instrumental Variable), ML(Maximum Likelihood)S 2] o]
A £2F AP dPuoletE TdAY deoirln] Boh U FHXZ ulR o] Jhe Yo
BE A¥ANYY(Off-Line)s} cin]ste] AA7HOn-Linepgdiolety Eelgch o whiol:
x4 ol & @ 3}y 9] off RLS(Recursive Least Square)y}t 3} EKF(Extended Kalman Filter)s}# o] ¢]t}.
g gyl vid] €2 PHL L oY oEE HEZH £4F ALEAE dE $ Y
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849 Y3 ALTAAHANAM HALZEHZ AT FEH §49 ¥HE AT £ Yoe
Aol A= ALz FrHaH-

2. Zn4 FoolMel ES4 Y

Feg oo HHOE SEHE 24 BPL WA FH4SUR4LE 24T F, o]
oz B9 A4@RFAES, FHASL ¥ ELSYHAS)E 2SS WHo] ALY o
e Fufddols 72 Mo Az go] EHH.

H(f) = Y(/)/X(f) (1)
714, X(f), Y(f)& 22 A28 A3} ¢sto] Fourier Hyg4& Yebdn. Y8 $g4 o
AZex7t EREA gL A H(NHE AYR 2u4swds HN)Y 230y
AR 2AZ Q3 AP FR4LYHSE T 4 Aok geiy, uHozE ),
Q51 e 234 E Aged
H(f) = S,(NS. () =H()/ A +S,,(f)S, () @
Hy,(f) = S,(f)/S,(f) =H() A+ S,(f)S, (f) 3
oq7\A, m, ne Y, $ge AZLeAoln, x=u+m, y=v+no|ty. mdt, S.(f), S,(f),
S (), Sy, (f)s Sum(f) 2812 S,(f) &= power spectral density(PSD) g4 S, (), S,.(f) &
cross-spectral density ¥4=o)tt. 28}, o] & H(f), H,(f)& 21F 0443 vl 202049
s ohE AL AT BAGGNA = H ()2 23271 H a3 v, u] 2R304 JAo M=
H\(f)Yo] 4% Ho|t} wtetA, olejdt AL U BSojA 24 LU2F4T] 4 @),
A(5)e] Hy(f), Hy(f) 10, 6]o| t}.
HAF) = Hy (NI LN FONHOHE +1]
() = 7 7
O/H O +1

H(N)=A-W()HU)+W()H,(f) ©)
714, F(f), ¥, (f)& 22 normalizing §4:, Coherence g4=0l 31, W(f)x 745 #40]ch.

@

3. AZMHolM S5 F=HY

e oZoxt WHl234]e HY UARTAY ATGGojMe 1= EXASL 24 o
ESE §4A4 33 WHL2 AEH f%H. o] $4L 7|Ee] RLSM(Recursive Least Sqare
Method) o] ti3] Rt} Z3e P4 S @+ EH o]} EKF(Extended Kalman Filter)o} A ¥
oj2|7}A] £#)7 (Bias, Divergenceo] 71579 $)& FHEHATH: HolA &0l 71 @ 4 A= Welth

FEA F4& FAF HH 23 FHYER JEd: FRA 5YALS ARAES
AfAE ZLEFA, BLE FHASLE Yehte E9E E4ASLE Uiro] 13T 4 g} o,
Z2pe ol Fo] EF WP AT o] FF RN Ut YT ST VAL B3] x¥EH-
o]AF WAL A ASe IS AHE517] 98] ARMAX(auto-regressive and moving average
model with auxiliary imput) R4 oz tiA fE=el, I ZF2te Aert 238 F ==
DAL F3t Wt F2A EAAsY 222 EHASE Ustde] . o], A5
T3¢ AsiMAEe A AFZol dF 3ol otk SH0) AL, ol AM 4EY M4 A:
ZA3E FH sttt metA, £ QR s R A5 Ao gt B 33L& 3ok
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31 ¢ 5934
gurd o nxbe) AHEE 7H AYF AL L5 YA AL ofsh Tol yehd 4 Ut
M &) + C &N + K &) = Ly u(t) ©
ow, &N, EHand EMx n HYe gHED, wWE mAde YUHEoG. =@
M,, G, & Ky & 22 A%, 74, 248doln L, £ nxm 31e) 9 A4 Yolo}
3.2 4§+ »n <= A (Experimental Modal Equation)

4 (62 RE 25t ZLE BYA2 749 K4 vhet v)e]zta](Proportional Damping) 2]
7%} ulu)2zt4] (Non-proportional Damping)e] 392 e 4+ o w9 o s
uule] 4] FfE E9E4 o] Cowpleo] oz ZHPIE THH B4 2= Y 4HComplex
Mode Shape)of olsf] EEEH oju, Yutxoz A¥Ye] Argsts ulolert o] g oA
olug, Z-HYE AHg3te] &5 HH Y 62 4 N T2 o] AL AR HY E 4 Yot

. T woa'T
k)= S PP i+ Dute) ™
o, ¥ BARSLE FA4o|T, k& ARVESS BAYE oldgde FHoT}. 23 Z:
Forward Operatingg febufi Z-H@e] H4olm, (& FAEL4$E dehdg. =%,
W, =exp(MAL), ¥, =1 —1)/A o BAE AAE, A A4 ARGAolAY THAE ez,
At Sampling Time-& el dt}.
4 () & ARMAR o3 WY ¥, 4390385 2 ARMAX 234 741, o8
Higo s, 4 @ Ze AFeNEPH o Yehd 4 Utk :
(k) = (k) 0 +e(k,0) @®)

oA 7A Dk)= 3730 Regression Matrix), 0= Parameter Welojrt. Ph) = A2 Y uojetz
FHE 7AYol T, O & Tl & njAALE THE HE ol
3.3 &34 o) & 9 &} 4hH( Sequential Prediction Error Model)

£3H a oA #EE A0S TE FARY F2AES SHPsH AR

y(k) = y(k, Y(k-1),U(k),0) +e(k) ©)
A7), YO 0 e A4 YRDE A Y&, yk2),....y0)} 5 URE A3 {u®), uk-
D, ., wO} wE mxpy e AYH4; 0 parde] Parameter My : ek
Ele(k)/ Y(k-D,U(k)}=0g masts oz qe AYASelth  HOelA

Pk, Y(k-1),U(k),0) = 3012 Y-z} Uk) o ot y(k)¢] 2% 7} x](conditional expectation)
olt}. EFH 3 o) (optimal predictor)o]sly &}

BE AN7tol wisted & ext ekt Qo] H: detuE 6 F I AL s
a8jzg o 4 (1002 EHF$E Hadbee 08 7o, H4 oS XKminimum prediction
erron & A EE 3 05 F3kE Aol E.—’ﬂ;l\:}-

VN(9)=%g{y(k)-f(k,e)}’{y(k)—y‘(k,e)}
(10)

1 N
5 2 (e(k ) {e(k,0))

7M. N dlolete] A4elth AR $EH ¢34 &est P 2ot s
ohehe} Lt
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8(k +1) =0(k) + F(k +)y(k){e(k +1,6(k))}
Flk+1) ' =F(k)" +y(k)y(k)" with F(0)=B-1 (B>0)
de(k +1,0)

A7 y(k)=- B

8=8(N)

v (11)
oJ714, F(k)+ Adaptation Gaingj@o)n, W(k):= 3AY P(k)o] Ye WP Negative Gradient
HYolth. |

=, o] &x1H oj& by ¥4 & F4A17]7] $135he] Exponential Data Weighting Global
Data Weighting, Adaptation Gain )@ o] Square Root EstimationtH{ £[1,4]0] @50 |7+ SubH o]
7HAE $A £ ool g e 4T3 I8 ot

4. 488 dE
4.1 PR Men 4% 4

WY TR i FEY 3 WHS AYHoE FSEU] sl 3 3 2 Bay TP HY
S 48A) 23 A4 MY 29 13 8 13} o, ALE A& Sagold.

A9E Ao s s F4Yoj(mpact Hammen g o] &3ty 713 1,237 o) 74A%3, 479
7hRoll 3 AFA 1,2,3.40]4 st& = A (Accelerometer) & A3t SPWF] MEEE S
HAg Aok =8, FH22 Yol $HE 4¥H A AHH FHE wEegh 1Y

t FEeLHAE g8 H9E FHE Roln Qo fEtasyo] 23 dojd AFAEHA
e 3 HA ESEAE 1822 = 2.3 of Yt E3 68A7A ] S8 27 39
Yet e} &2 Sampling Frequency 1000 Hzg Mefste], 627121 A (4 6000742 dlolehd
YA SHYEEE [ st 2 3po] & 5set7} AZEH U o]uf, ASE Poluol] $FA L] 383
st gen, FxAL FLALE FYE 37 Azt x4%2{7)}3(Exponential
Windowing)[7]o] AL-8-5]Qth A& o] 1Y 4o Bolgict.

Faegdgolse FS4FPUL AMME AZE S st AAJE EF AU,
A 7rg ol A 1sete] ARREE HEs}e], 13 1000 /49| vo|eul-g o] &3t}

42 J343 2 &9

F38 FHeEEHSE 2F 5o RolU, o]§ o83t FII ELE A4 H4S
Rolgltt ojuf), 2] 63} o] 7321 Coherencedtsof oj3td, T U3 Helj& u|Zy F537
Ao BHAY AZRGYelM s FoiW JEZ2FE RLE AS7 HY FHAL, o]l R 60
Bolth & 2,39 2PN 845 T2 ® 60 4PAAE vlZedY, dYHeog FHIAF
37t 493 AR FARASES £ 4 AW ool FALIY W] v Yzt
oA AT, AHF o Yo g P A7t AHEE tlolEr} v FgEoE BFEE 4FE
FYEE Bl YS5E € & AN ol F4L & o AnGHe] PPz vis
F3U7) ol ARG B3 v $L LA ALYHIT LR AV AFext F4AR
A3, A2 Ftegqdie] 7tAE +44E FRIA VIY £+ fdeh o Wye] AR
AHE AHE ROl Y& BHEE + AU
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1) €38 A2 eoxH-2 NGy M 24 GHe 4T3 FHIHew, F2 Zoj
Holel2 & vl A ¢ AFE Bl

@ AeZH7Fe e Fo5e dYTo] otlzh AIGMY FHFAE A3 MAT
Aoz Bl

() Fusggurie ge volelrt W dhubE, AR 1 Y st $43% A E Rolgh

@ A" 29 AleE ol Aoglol gBYol A& W, FHA LW Y HAdE oL HE
ol 7t ATk I olfrt AARY ] 71518HF gQlolu, AR EFF 54, 27 vl EY Sl
3835 2YstE7] AP B ALE AR A

ZAtef 2

B £Re gL 99YE GeATABL] AFFEAAY GFAYOE $98 A7AT
polth 5 AT Aol AL ake) £& EoT}

ne

[1] Lee, C-G. and Yun, C-B. "Parameter Identification of Linear Structural Dynamic Systems",
Comput. Struct., Vol.40 No.6, 1991

[21 Yun, C-B., Lee, C-G. and Lee, H-J., “Parameter Estimations of Structural Dynamic Systems” ASCE
Speciality Conference on Probabilistic Methods in Civil Engneering, Denver, USA., 1992

Bl 39, o1¥A, “&x¥y AFexyye I FxEY F5AH FHYW, HWIRETHI
FASeL R, 1992

[4] &A%, oY, “FREY FEH 9 AT ¢AFH Y £H9Y T B A7
e S 513 2AS& LR, 1993

{5]1 Bendat, J. S. and Piersol, A. G., Random Data: Analysis and Measurement Procedures, John Wiley &
Sons, New York, 1971

[6] Hong, K-S. and Yun, C-B., "Improved method for frequency domain identifications of structures'', Eng.
Struct., Vol.15, No.3, 1993

[7]1 Bendat, J. S. and Piersol, A. G., Engineering Applications of Correlation and Spectral Analysis, John
Wiley & Sons, New York, 1980

[8]1 Shinozuka, C. B. Yun and H. Imai, “Identification of Linear Structural Dynamic Systems", ASCE J.
Eng. Mech, 108, 1372-1390, 1982

[9] Kozin, F. Natke, H. G. "System identification techniques." Structural Safety, v3, p269-316, (1986)

[10] Fabunmi, J. A. and Tasker, F. A., “Advanced Techniques for Measuring Structural Mobilities”, J. Vib.
Acous. Stress Reliability in Design, ASME, Vol.110, 1988

—-179~



21

JkRl2 <

7px13
a4 <<

H&2

&3

a3 1. Y2y (2Bay 353 WETXE)

16 61 62 63 64 65 66 79 BO 81 82 83 84

- 48

15 32| 34 47

14 30 45

13 29 45

12 28 4

1| 5556 57 58 50 0 73 74 75 76 77 78 |

10 27 26 42

9 25 “

8 24 €0

7 23 39

e| 49 50 51 52 53 d4 67 68 69 70 71 A2

22 38

5 21 37

4 20 36

3 19 35

2 18 34

1 17 33
707 . 7007

03 2 REteAsiM S B EN

71 Aoy HA

R A(em®)|  1(cm*| m(kg/cm)
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24. 2} FRFo| 0} 2 X121 S48
Zhau] (7481 1)

ES5 7T 2= A O

FRF | 221 | 2222 | 923
AEH AEH 1 Hy(®) 1.000 1.000 1.000
FRF f‘ é, 0.856 -0.274 -1.543
0.503 -1.100 1.100
5.481 0.0247
Hy(@) 17078 | 00089 0.500 | -1.098 1.091
28.162 | 0.0054 H (o) 1.000 1.000 1.000
Hl ((0) 5481 0.0247 0.855 -0.274 -1.544
17078 | 0.0089 0.503 -1.100 1.100
28.088 | 0.0072 0.500 -1.098 1.091
H,(w) | 5481 | 0.0247 H,(») 1.000 1.000 1.000
17.078 | 0.0089 0.856 -0.274 -1.544
28.162 | 0.0054 0.503 -1.100 1.100
17.078 | 0.0089 H,(o) 1.000 1.000 1.000
28.162 | 0.0054 0.853 -0.272 -1.544
H,(0) 5.481 0.0228 0.490 -1.100 1.100
17.078 | 0.0087 0.488 -1.098 1.090
28.162 | 0.0054 H,(@) | 1.000 1.000 1.000
0.856 -0.274 -1.543
0.503 -1.100 1.099
0.501 -1.098 1.090
H 6. A2t e Wiol ofaf FYEH 2PE Al-S2|Hlu
: JHRL1 7Hx1 2 71= 3
fl &1 5432 0.0271] 5.455 0.0206| 5.413 0.0350
£, E, [17.007 0.0003(17.067 0.0119|17.077 0.0091
f3 &3 28.135 0.005428.134 0.0053|28.140 0.0054
A= 1] 1000 (0) |1.000 (0) |1.000 (0)
oec | 4z2]0897 (1) |o0785 (2) |0846 (2
1 H=3|o0565 (2) |0457 (4) |0552 (7)
Az4]o0499 (7) |0476 (1) | 0593 (10)
AZ1[ 1000 (0) | 1000 (0) |1.000 (0)
oec | #Z2 0265 (178) | 0.278 (184) | 0.278 (181)
2 A3 | 1180 (174) | 1.082 (183) | 1.092 (182)
A=4] 1153 (171) | 1.058 (185) | 1.101 (184)
AZ1] 1000 (0) |1.000 (0) |1.000 (0)
oec | y=2] 1569 (178) | 1.550 (182) | 1.552 (179)
3 A&3] 1100 (4) 1.094 (3) 1.092 (5)
Az=4l 1112 (6) 1082 (6) | 1111 (@)
(*) 1. RppZIE549| Cele Hzolck
2. ()ote] U2 A2 20| a2t LIEHd Zto 2, theli= Degreeo|ct.
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