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Identification of instantaneous modal parameters of a MDOF time

varying structure via a basis expansion technique

Student: Cheng-Yuan Wang Adviser: Prof. Chiung-Shiann Huang
Department of Civil Engineering National Chiao-Tung University
Abstract

This study applies moving least square method (MLS) to construct the time
varying autoregressive with exgenous input model (TVARX) for a structure
from its dynamic displacement responses and further estimates the instantaneous
model parameters of the structure from the time varying coefficients of TVARX
model.

Through the three-story shear structure of the numerical simulations verify
the feasibility of reaction.The parameters under investigation include the order
of TVARX model,nodal point,support length of exponential weighting
function,and noise.The proposed approach is also employed to obtain the modal
parameters of five-story steel frames and six-story frames from their measured
displacement responses in shaking table tests.

This study also proposes to freedom posed by the different sub-structure
system, the creation TVARX model, through the sub-structure system, the
natural vibration frequency of the transient to be able to know which degrees of
freedom (or what floor) may be damage.
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He s M Co KAB SR T W HIERUZ SR BRIDLME
B3, fO) 292 2B 5x0)xOEFXOA BB FRESERF R o
$:5(2.24) 8 F = 1 1@
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O MO} 0+{e) cCola)noO+{a) KOfglvo={a} f© (2.26)

EA ) R IREZEE SR Q) O AR RISy FiBAE

14



{6} M {4}=0 (2.27)
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BeAMZEFHE - 7 BQ235)% 7 =+ ¢
x(t) =@, (t)x(t-1)+D, (t)x(t-2)+0O, (t)f (t-1) > (2.36)
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M
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M C
. =—A" t-At oAt s
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_ -1
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AN E A FERERR N ERF R IR ERA N ERF
78 H TVARX #0380 Rl 97 5 18 2 R PR iC i S 8c#-€ § % 5% 4 (Huang etal,
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N -k, k,+k, -k, X, (1) _ 1?3('[)

FPprr b oV A% jBpd RSP

Mm%, +C; ;X +C; ;X +C +k

= Mm% +C; X +Kj ;X =—C ;X =Cj .

L _kN kN Xy (t) fN (t)

INER! ]+l

1Xj+1 = kj,j—lxj—l - kj.j+1XJ'+l

R* VAL T ERATE LB AT L7 AT

K(t) = X(t.,) — ?ZSZ) +X(t)

X(t,) = X(ti+1)2;tx(ti1) ,

3 (2.42)%t B B

()

%{x.mn—zxj(mxj(l DI+ & DG+ =% =Dl ()0

JJI()

AL [Xj 1(|+1) Xj l(l_l)]_

=k i (Ox, () =k (D)%, () + fj(i)

[Xj+l (I +1) XJ+1 (I 1)]
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%41 iR HART

Dir-2m Dir-3m
Column(1F~5F) | H125x125x6.5x9 | H125x125x6.5x9
Beam(1F~5F) H150x75x5x7 H100x100x6x8
Girder(1F~5F) H100x50x5x7 H100x50x5x7
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F 4.2 0 2 K A2

)

Test No. Excitation case PGA(ideal) Direction Description Remarks
Case 1 White Noise 50 gal X Strain Gauges were
not mounted. DXO0
_ . i was not ready for
Case 2 White Noise 100 gal X With no cuts . :
service. The disp. of
shaking table (Long
Case 3 El Centro 100 gal X Dis) i used instead.
Damage scenario 1 *:
Case 4 White Noise 50 gal X A cut with 3.75¢cm
deep at the medium
Case 5 White Noise 100 gal X height of each of the Strain Gauges were
two south-side mounted.
columns in 1st floor
Case 6 El Centro 100 gal X (with Strain gauges 7
and 8).
Case 7 White Noise 50 gal X Damage scenario 2 *:
_ _ A cut with 7.5cm
Case 8 White Noise 100 gal X deep at the medium
Case 9 El Centro 100 gal X height of each
Case 10 El Centro 500 gal X columns in 1st floor
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% 4.3 :casel ~ case2 ¥2 case3 IFEH 2 B HEE I F R

MODE f.(H2) &.(%)

min max min max

1 1.107 1.11 0.9 1.1

2 3.74 3.76 0.67 0.86

Casel 3 6.48 6.52 0.6 0.7
4 9.41 9.43 0.38 0.45

5 12.23 12.26 0.31 0.33

6 14.22 14.24 0.15 0.20

1 1.102 1.106 0.9 1.3

2 3.73 3.75 0.71 0.89

Case? 3 6.47 6.50 0.6 0.7
4 9.40 9.42 0.38 0.42

5 12.21 12.24 0.3 0.4

6 14.20 14.23 0.12 0.24

1 1.093 1.106 0.6 1.8

2 3.71 3.76 0.67 1.1

Case3 3 6.47 6.48 0.5 0.8
4 9.37 9.43 0.2 0.7

5 12.19 12.25 0.2 0.6

6 14.19 14.25 0.1 0.4
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% 4.4 : cased ~ caseb ¥2 caseb FEFH 2 B HEE gL F R

MODE f.(H2) &.(%)

min max min max

1 1.10 1.11 0.9 1.1

2 3.73 3.74 0.7 0.8

Cased 3 6.46 6.49 0.53 0.64
4 9.39 9.41 0.39 0.47

5 12.20 12.23 0.30 0.36

6 14.20 14.21 0.13 0.24

1 1.09 1.10 0.8 1.8

2 3.71 3.75 0.7 1.1

Case5 3 6.44 6.47 0.4 0.8
4 9.37 9.43 0.05 0.72

5 12.18 12.25 0.3 0.5

6 14.19 14.24 0.11 0.33

1 1.105 1.11 0.8 1.3

2 3.74 3.76 0.7 0.8

Caseb 3 6.48 6.51 0.5 0.7
4 9.41 9.43 0.35 0.43

5 12.23 12.25 0.30 0.32

6 14.21 14.23 0.15 0.21
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% 4.5 1 case7 ~ case8 ~ case9 ¥¢ casell ;Fk 2 ML L5 L B F

MODE f.(H2) &.(%)

min max min max

1 1.11 1.13 1.1 1.8

2 3.76 3.78 0.8 0.9

Case? 3 6.47 6.53 0.6 0.7
4 9.38 9.44 0.5 0.6

5 12.2 12.3 0.3 0.4

6 14.20 14.21 0.13 0.24

1 1.09 1.11 1.5 1.8

2 3.73 3.75 0.7 0.9

Case8 3 6.45 6.50 0.7 0.8
4 9.38 9.43 0.5 0.6

5 12.21 12.25 0.3 0.5

6 14.20 14.24 0.11 0.33

1 1.09 1.11 0.9 2.0

2 3.71 3.75 0.7 1.3

Cased 3 6.46 6.48 0.6 0.8
4 9.41 9.46 0.1 0.8

5 12.22 12.25 0.3 0.8

6 14.20 14.25 0.16 0.26

1 0.79 1.10 0.8 7.3

2 3.3 3.75 0.3 4.2

3 5.9 6.5 0.7 3.0

Casell 4 888 | 943 | 05 | 40
5 11.84 12.25 0.2 1.1

6 14.08 14.24 0.2 0.8
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DOF

m, =0.1ton
1 .
k1 =20 KN/m
m =0.1ton C = 66.56 N -sec/m
2 [
k2 =20 KN/m
m_ =02 ton C = 62.77 N-sec/m

3
k =30(1.0-05sin(27/10t))" KN/m 0<t<30

C, =239.98 (1.0 +0.58in(27/10t )) N-sec/m

— —
B 310 = KT 4 e LH
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