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1
> Bernoulli_
Euler L, A, ke )
ER
2 2
aax—z[EIaaT“é]+ Puo = f(x,t), (1)
w(x,t) JS(x,t) , EI , t
[5~71,
Ei(x)= E[1- d(x)], (2)
Eq ,d(x) .
(1) Eq E
[5]
2 2 2
6596—2[151%7“;]_ a%[ma#} Blid = f(x. 1), (3)
El; = LEd(x )y2dA
) (3)
2
, , : X0
,w(x0,t) %0 . f(x,t) w(xot- T) (T> 0)e
R(x,7T) = J.;oow(x, Hw(xo t— Tdt, F(x)= J:mf(x, t)w(xo t)die (4)
(1) w(xo, t— T) t (0, + o0)
2 2
aax—z[n%i} PR= F(x)§T)e (5)
Win(x), (5
R(x = 2Wnlx)nl D, (6)
gn(D . Wn(x)
EIW: = M QuWu=0 (m= 1,2 ., M), (7)
L 2
rOmeWde = 6mn, JloEIWmWndx = Q771817171, (8)

o
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(6) (5, (8)
.q‘m+ Q%nqm = fmS(T)’

fm= J.:F(x)Wm(x)dx‘

qn(0) = ﬁ@lR(x,O) Wo(x)dx, ¢(0) = O

(9)
f_m
gn(T) = gm(0)cos Q, T+ sm Q,T
(10) (6)
(10) ; gm('T) qn(0)  fu®
gn(0)  fm .
3
3.1
(3)
E]%%— aa;[E]daR]+ MR = F(x)8 T
Wo(x) ,
I'we P d
El d;z diz[ 14 dxwz} MW, = 0, m= 1,2 .., M*
(12) (7).
dw, - w, 2 Fe
EI —(de—4W1+ (W W) = di {E]d dxw},
2 2
(ﬁz[E[d dd;Wzlﬂ Z0,
(13) o W & Wy
(11)
R(x. D= 2Wulx)an( D,
gm(T)
(14) (11), (8)

M

. )
gn= Gogn— Do = fu(T),

L roon
Mun = E]jod(x) WinWndxe

qn( D) = qu( D+ Agu(T),
(15)

gn( T

(9a)

(9b)

(10)

(11)

(12)

(13)

(14)

(15)

(16)
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Aq m+ m Aqm Z'}‘vm AQn = Z'}Vrmqn. ( 17)

n

(17) 3 , .
. M

Aq m+ sz Aqm = z ;)«nn‘]n. ( 183)

Agn(0) = 0, Agm(0) = O ( 18b)
( 18) , Aq”z' Aqlﬂ (16) ) Qm' qm ( 14)

m

(n#m) - n
fn[sm QnT_ sin Q'WTV]] + Mo m [— Teos Q, T+ Lsin Q,,F% +

R(x.T) = ZWm(x{ > 5

Qn Qm ZQ%L Q’ﬂ
Do (00 o T gn(0)cos 0T+ Login 0, T« (19)
29, Qn
’ lIm(O) f”’ ’
3.2
d(x) = Di, x €[(i- m,in], i= 1,2 .., N, (20)
D, €/0,1] , , M= L/N,N .
(20)
L v
}\mn = EIJ‘() d(x) WmWndx,
(19)
N M r
R(x. D= 2Xi(x. DD+ DWa(x)| gul0) cos 0T+ Gsin 0T (21)
J m
Hmn
Xi(x,7T) = ZIVm(x { Z —Qz[qn,(O) (cos ' T— cos QD) +
n(nZm) m_ n
T T
fn[stQn - S]nQQm + l;’jl;{zm {— TCOS QmT-f' QLSil’l qu +
g (0) T
k]mmz nézo Sill QmT s
. Ax ” ”
li/jmn = EI . I'Vmw/ndx.
(j- 1Ax
(21) 5 Qm(o) fm , x T
R(x, T), (21) Dj . , x T
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4
D; , .
(21) ) Dj . ;
, . R fm .
: , qn(0)  fm
, L= 12m, El = 11.2New’, ™ =
0. 32 kg/m* :
wi(x) = J%sin[i?_x], Q= [%T]z Jg%[' (2)
4.1
(6) (10) ,
S(xi) dosin T fns Dl x1) cost ) gu(0) = R, T
2 Wn (i) osinf T)fn+ 2Wa(xi WT) gn(0) = R(xi, T), (23)
Xi , G .
(23) qn(0) fm (%, T) . (i, ) ,
(2) n(0)  fm . .
qn(0)  fm Lo
1 qm(0)  fm
q1(0) 0.713 % 0.713 69 S 0.509 55 0.510 15
72(0) 0.605 86 0. 605 86 f2 0.516 22 0.515 20
45(0) 0.822 12 0.822 12 /3 0. 967 95 0.966 70
qa(0) 0.587 69 0. 587 69 Sa 0.316 29 0.317 75
qs(0) 0.254 36 0.254 35 fs 0.132 33 0.130 20
76(0) 0.667 84 0. 67 84 Ss 0.792 72 0.803 03
q4(0) 0.561 59 0.561 57 Sa 0.021 58 0.013 &2
qs(0) 0.904 95 0. 904 94 fs 0. 477 39 0.454 5
q9(0) 0.065 (2 0. 065 03 So 0. 29 69 0.282 15
q10(0) 0.393 49 0.393 48 fo 0.191 59 0.19 63
L) : -
4.2
. gn(0) .
; . , D;
N  (xi, ) (21) , .

Xij = Xj(xi, Ti)e®

M fm

Yi= R(xi, T)- gW,n(xi)sianTi+ Gn(0) Wi ( %) cos QI] . (4)
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iij = Y+ Vi,
J

v; °
v x P xsr,
Pan= 230\ 230"
J J
) . 2 D] .
2 D;
Pyp= (1044 x 10°2)% Prxs= 0457% Pysi= 1.270%
D, 0. 000 0.001 @ - 0.008 62 - 0.008 74
D, 0. 001 0.002 57 0,002 17 - 0.001 50
D, 0.010 0.009 12 0.010 22 0. 007 96
D4 0. 030 0.028 65 0.016 2 0. 036 88
D 0. 100 0.100 06 0.109 24 0. 104 82
Dy 0. 200 0.198 65 0.206 58 0. 195 09
D; 0.020 0.019 % 0.014 58 0.024 64
Ds 0.001 0.001 49 0.005 50 - 0.007 89
Dy 0. 000 0.000 78 0.000 52 - 0.000 05
Dy, 0. 000 - 0.002 18 0,000 30 0. 000 23
, (xi, T) D; :
, xi , ,
Dj °
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A Method of Online Damage Identification for
Structures Based on Ambient Vibration

YAO Zhi yuan', WANG Feng quan’, ZHAO Chun_sheng'

(1. Research Center of Ultrasonic Motors, Nanjing University of Astronautics and Aeronautics,

Nanjing 210016, P.R. China;
2. Departm ent of Engineering Mechanic, Southeast University,
Nanjing 210096, P.R. China)

Abstract: A method of damage identification for engineering structures based on ambient vibration is

put forward, in which output data are used only. Firstly, it was identification of the statistic parame-
ters to assodate with the exterior excitation for undamaged structures. Then it was detedtion and le-
cation of the structural damages for damaged structures. The ambient identification method includes a
theoretical model and numerical method. The numerical experiment results show the method is pre-

cise and effedive. This method may be used in health monitoring for bridges and architectures.
Key words: damage identification; parameter identification; online identification technique; health

monitoring technique



