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Multi-stage Damage Identification for Frame Structures

Based on Neural Network

YANG You-fa, XIONG Li, CHEN Yuan
(School of Civil Engineering, Chongqing University, Chongqing 400045, China)

Abstract: The multi-stage damage identification method for frame structures based on neural
network was proposed. A kind of high efficient neural network to identify damage in frame
structures was established. This method was divided into four steps according to the multi-stage
identification ideas of member damage. Firstly, damage anomalous filter was set up by neural
network to alarm the damage in structural members. Secondly, the primary location of the
member damage was determined by the neural network with inputing the combined damage index
of frequency. At the third step, the specific location of the member damage was determined by
the neural network with inputing the combined damage index of frequency and vibration mode.
Finally, the damage degree of the member was identified by neural network with inputing the
change rate of squared modal frequency. Numerical simulation of damage identification for three-
span four-floor frame structure was carried out. Results show that multi-stage damage
identification method based on neural network simplifies network structure, and can alarm, locate
and quantify the damage effectively.

Key words: frame structure; neural network; damage; multi-stage damage identification method

Wi B H:2011-01-04
EE£mMAB : H R WA O3 H (2009AB0040)
EE BN 40 & (1968, 55 . I R B B A\ #04% » T2 i+, E-mail : yfyang@cqenc. com,



%14

M E L F A TAZMANIE

0 3

UTAF R TR 25 1 Bl 0 A I B R AT 2 T s
M9 2 Je . TR A T 2 B AR HE SR 4 4 2
— BRI R G L —Fh 2 5 ok
ZE K1) By 3 R LR A5 22 ] 0 0% AR BE AR TR ET
MM 2 HA SRR IEAT IR RE ST L A -~ T RE Bk
REANRL AU BCRE Ty - A T 8 78 25 4 453 £ TR0 40 0k %2
BT SRTE A AR 2 M 22 ) 2% op L BP 22 ) 45
B E) 2 o — Bt 00T X T 2 0 1 48 e 2L
LA R A A HU B Ok IR SR S T A K
285 1A — 25 U3 32 o AE SR 25 R AT 40 0 U Bl 2
i LT 4R QYN ZRAEAS K K B IR A o i 22
A TH R BRSO M 2 d A i B OCRR 22 M 2% 45
Ha 52 2% - WAC S TRT X 450 1 TR R B AR o R, 2B
HAERT AL W T SE Gt b 42 7 2 T Bl 2 R 4%
A HE SR 45 kg 453 0 22 5 A0 R 7 3 - B APDL i
A MATLAB i 5 gi il £ 15 » 8 57 F T HE 2 454
PGP A o RO 2 W 4 1 AR R AR5 0 B 2 T
325 UM BB AE R PR 20 D 4 45 O
22 28 S ST A A S o 2 A A R AT B
@ VISR AR 1 19 415 48 AR VR D 1 22 19 2% B A i 4
X AR 453 475 R AT 00 2 R AL 5 (O LA AT 38 R A 25 41 B A4
T Y L 18 B AR Ry il 2 0 2% i A T oF A 1 4 A
PEAT FLAAE AL 3 @ RS 3 - J5 A2 A 3 A O i 22 ) 45
i A T 5 XA 488 0 7 B IR AT U

1 iTERE

A 0 U A B R BRI 1 B . HEZR &5
F SRR R ] 2 s H Aol [ B ) B R R
g . HEZRZEARERL S 40N F - iipE R & E—=
3X 10" MPa, JH#A Lt v = 0.3, M ¥} % B o =
2500 kg m*, A m R - S~ 300 mm X
600 mm, #B A PESE I, =5. 4 X 10° mm* . A 19 #0
RSF oA 500 mm X500 mm, &% B 4E I, =5. 21 X

10° mm',
2 WpmE

FIF BP 22 [0 265 s 7 58 403 5 3k 20 4 %o A4 1
PG HEAT PUE . 3l i 58 b A5 A 1Y B IR AR I 25 R
2% TS AE AL A fE BROIR ZSAE  HHER AR E T I A
PRI A A B C 28 I Gl 10 0 45 6 ) 45 4 4 £ B
AR R 7 i 7 2 4 A A7 ) f FREIR S A 0 X — i
T T AR iy 45 KA 1 S B G 00 o AR AR e ARG ) 45 2R

[

R S E S iR 107
TP R B
T PE 1 T
45 2E R4 P2
MR ] R R ] 2 R b 4
A4 1 7 B e B2
I 1
- - FE R K92
FE R i B [ — A
B2 P 1 5 4 1 B R ks b | 2 2 R
ﬁﬁ%ﬂ%ﬁ§“4 EHL B
| I
St PEHRL YT S # P 3R 1
B [t RE R — oY

1 4B IR 5 BB B &
Fig. 1 Technical Route for Identifying Member Damage
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Fig.2 Calculated Model
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Fig.3 Results of Member Damage Alarming Under Eight Damage Conditions
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Fig. 4 Primary Location Results of Member Damage
W2 AR A A [R] B 2455 (5020, 50200 (3096, 70%0)
(70%6.3026) o X FF WM 1.4 70 Ffii £ oL %
T 2. TAT Flst 5 T80 - 23 ) 31 580t AR I 48 £ T
07 Ao T KON S 7 S A W o A
HRAG A HH SR ) 4 ORI 1 X B2 A 454475 1)
o B {EL O X R TG 475 9 #1422 I 458 i 1 v K
T 0.7 BRI X I PR 2 B A R A A

22 19 2% 1) B LU S5 R N 5 R L

HGI~G5 7R 1 RPIE R, G6~G8 1 2
AP EE R

5 HMHBEREEIRS

A A 4 8 B 1 PR 00 45 A SR R - 5 A8 A ¢

R 3R
R={R,,R;,**,R,} D)
Ha 45 00 i 2 ARUA 0 HL A D 2 - L A 4
O CR P 2D 77 A AN TR 0 R B (L) e PRy 25 4 £
o REAS BEAT I3 M TE SR 9545 4 s R I 2k



110 EHAFTES IETR 2011 %
1.0p 1.0p 1.01
jﬁ 0.5f 50.5— ﬁo.s—
R K K
= B LSS
0 0 0
2 6 10 14 20 21 22 2 6 10 14 20 21 22 2 6 10 14 20 21 22
g5 LalaR Res ¥4 5
(a) ITHGI (b) THG2 (¢) LHG3
1.01 1.0p 1.01
g % %
L = =
ﬁ 0.5f ﬁo.s- ﬁo.s-
R K &
S = I LSS
0 0 0
2 6 10 14 20 21 22 2 6 10 14 20 21 22 NS IRINNe=Z283 8
W5 Wi S W4 5
d) THG4 (e) TLMG5 ) ITHG6
1.0r 1.01
s %
® 03f ® 03f
K K
B Sy
0 (=B =} [ N <t 0 O T O o — ) N <t
R e SRS R RS Ine T S PN = SN RN IR R R S PN
W5 HiEHm s
(g) LRG7 (h) LHG8

5 MEBRGREEMER
Fig.5 Specific Location Results of Member Damage
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