.26 1 (2005 1 )
Applied Mathematics and Mechanics

: 1000_0887(2005) 01_0040_07

( TR G £AT FBAR AR )

TU973. 2 DA
. ( )
[ 1~ 3] . .
(4.5,
2003_09 06; 1 2004_10_14
(59925820)
(19713—), , , , (E_mail: thstj@ mail. tongji. edu. cn) ;
( .Tel: + 8621 _65982390; Fax: + 86_21.65983410; E mail: izumi @ mail. tongji. edu.
cn)*®

40



41

R
54
=

(C)
1) (C)
C(i)= Aw/AQ,
2) (R)
R(i,j) = A®/A®,

[9~ 11]

(R)

nH
RE&
(A

(W Wha)

(4)

; Fox

(1)



42

10,

s A(‘% wi 1 L *
3) (A)
n B (015 ('027 ) w"o ¢: [¢]7 ¢27 b} ¢"].
, F= [fu]
F= o' = [fi.fo ufu], (3)
o' b ,
1/of 0 0
0 1/} 0
A= | .
0
0 e 0 I/
(A)
Afig) = [ (4)
2J) = A T T
S ST
Vi i S i .
A
Ii,l:{C(i),R(i,i),A(i,i)}, 1= 1, ..y m, (5)
m m °
2
2.1
7.
2
2 , 1, ,
10 2 , ( )
]
E 1 (kN/m?) P/ (/) 1/(mb a/(m) b/ (m) L/(m)
2.0E- 7 2.5 1.35E- 7 6.0E- 2 3.0E- 2 1.9
6



0; l ’
, 6.10.30_10(6
10 )e LM 12l
1 3% 15% 30% 55%

RERE B/(%)

(c) 30%
3 1
3(a)~  3(d)
4 6% 10 7.5%
6 3% 25%
4a)  A(b)
: 4(b) 10 5%
: 36
5(a)  5(b) -+
5(a)  5(b)

15% , .

(6)
. BP ,
10 30 :
1% 10% 40% 60%
a)~  3(d) -

_ ,__‘_m,“ﬂ e -
2 3 4 5% 9 % 910
BB E
(b) 15%

,:' o N *l;m
BETHET ¢ 7 s 9
B8 E

() 5%
0.5%~ 7% ,

, , 3(c)
3(d) 10 18% .
4a)~ &by

0.7% ~ 4% .
20% 35%, 16 15% 40%



3.0

2.5
2.0
1.5
1.0
0.5¢
0.0

-0.5
-1.0

MR B/ (%)

BB E B/(%)

WGRE B/A%)
s
o

2.2

20% 35%
5

B 8
o o

20.0;
15.0¢

10.0

©
o

1
bl o
o o

BILEE

(b) 16 15% 40%

6
2
@® @
E/ (KN/m?) p [ (t/m?) A [(m?) 17(m) 1/(m)
2.0E-7 2.5 4.06- 3 4.24 3
6 13 , 2, ,
2 8 o 2 8 *

, 12

2 13 2

25



45

BGEE B/(%)

-

1.6%

(1]

(4]

(5]

2% 10% 25% 40% 60%

5% 15% 30%

7 .

3

1

wSEERARY
D22 48 4 i

1.6%

1.3%

=

2 34 56 7 8 91011

12 13

(

HITEE

3,7,10

zine, 1993, 10(1): 8—39.

5%, 15% ,30%)

20%

[

Masri S F, Chassiakos A G, Caughey T K. Identification of nonlinear dynamic systems using neural
networks| J] . Journal of Applied Mechanics, ASME, 1993, 60( 1): 123—133.
Wu X, Ghaboussi J, Garrett J H. Use of neura networks in detection of structural damage[J] . Com—

puters and Structures, 1992, 42(4): 649 —659.
Doebling S W, Farrar C R, Prime M B, et al. Damage identification and health monitoring of structural

10%

MEGRE B/ (%)

25
m,, - -
w LA
15 o P& R4 H
1.2%
10 i
1 E
0= = = B —
-5l1 2 3 4 56 7 8 910111213
HTE E
( 5,11 20% , 10% )
8
, 8
1.2% .

]

and mechanica systems from changes in their vibration characteristics: a literature review[R] . Los
Alamos National Laboratory Report LA 13070 MS, April 1996.
Hush D R Home B G. Process in supervised neural networks[ J] . IEEE Signal Processing Maga—

YUN Chung bang, Eun Young Bahng. Substructural identification using neural networks [ J]. Com—



46

(6]

(7]

(8]

(9]

[10]

[11]

[12]

puters &Structures, 2000, 77(1) : 41—52.
Bishop C M. Neural networks and their applications[J]. Review of Scientific Instrum entation , 1994,
65(6): 1803—1832.
Kaminski P C. The approximate location of damage through the analysis of natural frequencies with
artificial neural networks[ J]. Journal of Process Mechanical Engineering, 1995,209(2): 117—123.
Fox C H. The location of defects in structures: a comparison of the use of natural frequency and
mode shape data[ A]. In: Proceedings of the 10th international Modal Analysis Conference [ C].
Sdhenectady, NY: Union College Press, 1992, 522—528.

[D]. . : ,2002.
Raghavendrachar M, Aktan A E. Flexibility of multi reference impact testing for bridge diagnostics
[J]. Journal of Structure Engineering, 1992, 118( 8) : 2186—2203.
Zhao J, DeWolf T. Sensitivity study for vibration parameters used in damage detection[ J] . J ournal of
Structural Engineering, 1999, 125(4): 410—416.
The Mathworks. Neural Netw ork Toolbox User’ s Guide [M] . Boston: Mathworks Inc, 1994.

Analyses on Structural Damage Id entification
Based on Combined Parameters

TANG He sheng', XUE Song tao"?, CHEN Rong', WANG Yuan gong'
(1. Research Institute of Structural Engineering and Disaster Reduction ,
Tongji University, Shanghai 200092, P. R. China;

2. Department of Architecture, School of Science and Engineering,

Kinki University, Osaka, Japan)

Abstract: The relative sensitivities of structural dynamical parameters were analyzed using a dire ctive
derivation method. The neural network is able to approximate arbitrary non linear mapping relation
ship, so it is a powerful damage identification tool for undnown systems. A neural network based ap-
proach was presented for the structural damage detection. The combined parameters were presented
as the input vector of the neural network, which computed with the change rates of the severa former
natura frequencies (C), the change ratios of the frequencies (R ), and the assurance aiterions of
flexibilities (A). Some numerical simulation examples, such as, cantilever and truss with different
damage extends and different damage locations were analyzed. The results indicate that the combined
parameters are more suitable for the input patterns of neural networks than the other parameters
alone.

Key words: damage detedion; neural network, combined parameter; flexibility



