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STRUCTURALSYSTEM IDENTIFICATION UNDER RANDOM EXCITATION
BASED ON ASYMPTOTIC WAVELET ANALYSIS
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Abstract: In this paper, a covariance-driven wavelet analysis technique is proposed for identifying the
characteristics of linear structural systems from random vibration response measurements. Based on the
asymptotic wavelet analysis theory, the paper proves that the ridges of Morlet wavelet coefficient magnitudes of
structural covariance response under random excitations contain structural modal information and can be used to
estimate structural modal parameters. In addition, if the spectral intensity of the random load is known, structural
mass, stiffness and damping matrices can also be estimated. Results of a numerical study on a 3-storey frame
show that the proposed technique can accurately estimate structural modal parameters and physical properties
under random excitations. An experimental study on the north cable pylon of Sutong Bridge further verifies the
accuracy and applicability of the proposed technique.
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Fig.1 A 3-storey shear-type frame system
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Table1 Modal and physical parameters estimation for the 3-storey shear type frame

B SR
B A s _ Ji%/Hz : : B JE EE/ (%) : _ P I i ek ‘
Bt i BOEAL i BOEA v E
1 3.06 3.06 2.00 2.01 [1.00 0.72 0.41] [1.00 072 0.41]
2 7.00 7.00 2.00 2.00 [1.00 -0.48-0.63] [1.00 -0.48-0.63]
3 10.66 10.64 2.00 2.02 [1.00 -2.44 2.82] [1.00 -2.45 2.73]
WS HER)
JTii kg NIl /(MN/m) FELJE/( kN -s/m )
BUEH ERARIEN BUEME ERARIES BUETH s
1500 0 o0 1477 31 20 196 -1.96 0 191 -1.88 0 200 -1.06 -0.20 1.96 -1.00 -0.8
0 2500 O 31 2422 1| |-1.96 588 -392| |-1.88 571 -3.85| |-1.06 435 -166 -100 424 -166
{ 0 0 2500 { 20 1 2487} { 0 -392 784 0 --3.85 7.69} L.zo -1.66 5.34} -0.18 -1.66 5.31}

3 AHEXRFACEIMEIRINIX R

I I KM T — JRR IE VL 744 A 38 TR I (O
RO BRI RMY , LM R WU XU T AR
Pidfr, RHUAFE LIS 1088m, T4 306m(4
Kl 4(a)). A T HERRICIRI IS IS I RHE, h 4530
JI53 W FIPEAk R 55, AN T E v v i J3d K
MR AL EIEAEBEHLA B B B S, U v 1
AR T 10 AU [m) e A, SRAEAH R 20Hz,
D i A ] A(b) T

o R OB

(b) RSB I
AL IR D AT R

K4 IRy

Fig.4 Sutong bridge
SrAfreb, R EE LU 6] £ A Do b S A
T EAHIR . HAHRH N HEAT TN AR . 18] 5 2
1 S TOUIN R AL (R s AR 5 FAHOC R %
NBRJELE . AENBRUZ R, LT LA R
HRAEMRRE, & B RRE R R, HAFEEnS
G MR BB EASS,  HAFLLIN Ryl o
XED]: FIH SR RERR, g &

e T T

(a) JeRIEa5

>.

MR RE RN, R, AR, R
MR 3Hz (AL Morlet BE/INJE bR #Ch 43 BT %
R

b

NS

2

=

300
200
100

Jnig R gal
o

-100

-200

-300
0

500 1000 1500 2000
A /s

(2) T3 I R i [

300
200

100 1

MM
-100 ]
-200 1
-300

AHICH Y. R(7)

0 10 20 30 4 50 6
I i) /s
(b) AR NA T

400
SSOH
300 1
1 250
= 200
150
100

50

—
[—
—

0 10 20 30 40 50 60
INfTa)/s
(c) N
KI5 s B s 5 2 4 A
Fig.5 Acaleration measurement and analysis
BESSHORONIS, Seh B e & R, Rn
3 ZUAH L B AHA A8 A THE AN B 2t e, e
S SR AR RIRE e L (3R 2). T A ST ik
(S I PEANAERA I, A SC LR A R 8
BEAE, PR T PIRT U T i U S5 R (R 2).



204 T T

B

R 2 TGN ANBEES R AL T 35 VR SR K
AW GRS /NBGEXT BHLE LE R v 55 95 V00
BELJE LE A T AA AR R 22 10 HLE REAG T HY 4R 08k
BEATAG TV H A2 DU RS BLUE (. iR Al i
P BTN R h 2% m, BRLENRES

50 AR S BB T NS T . 3 2 R TR
S RIS T AN IR . thR 2 P kA
5 HFR(MAC [N AT 401, S AR SC 5 v IR 5 SR
CE A SPINEE SN/ P

&2 INERESNAPABAFHERSS A ITHE

Table 2 Modal parameter estimation for the north cable pylon of Sutong Bridge under ambient excitation
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e T s i MAC
[1.00 1.14 0.89 0.79 0.44 [1.00 0.99 091 0.77 0.51
1 0.156  0.156 2.20 2.06 0.99
0.27 0.28 0.13 0.10] 0.29 0.32 0.5 0.21]
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