Hosk B S § =S Vol. 25 No. 1
2010 4 2 H JOURNAL OF EXPERIMENTAL MECHANICS Feb. 2010

T EHE:1001-4888(2010)01-0047-08

BRI MEREENRGRNFNE AT RSER

5 1 1.2 b 2h 3
Et%ﬁ‘ ’ {E]‘/f ’ éﬁ%ﬁk
(L. FBIN R 2 JKFI 5 BB 2 B, I RE 4500015 2. ARdb K FIZK ML 22 B AR 5 38 58 24 B » 10 R AR 450011 ;
3R £AR TAR2ERE, R 450001)

BE., TRZMOBRGAANBEARAST TIBEMIERERFHEMG LR E E7E gL
HEZHEL, BFRATERAE N T EZNRGRANEKRZE T R EHFRFT — 2GR MR
R, LFREATEA IO ETEOBGRANRR BELE N TR IRES T EHELS EE
NEEHEARE BRI EERAINZERNBHRGELS BLE N QEEFFRE ZNRE
E5AFEEAEATAMNBNIETFELA D QST ERATLEMBGRATLGRE, HRERL D
WEELR LAEGFERELT PR ERR DG E EIATE MG R B A TR AR E ; de AT
SR XAT B R B H o e AT AT R TARRAG R A TR AR AE N 65kt B AR
BAENMETERERALELESFTROLRARL,

KEIF: B Beh @ik SRR

FESES: TU311.4 kAR ED . A

0 5|87

TE LS B0 PR B B A T 3 T 54 3 T A R M ) 35805 9 000 75 3 e T R A0 A e v e S I S A ) M
BELJE FABE AR R L I LRI AR R R L 28 U AR AR B AIE , B ) AR /NI B AT S 3 4 sl B F i
o RO AY 87 A 1 45 4 Bl g Wiy 107 00 5 AR 5 2 4 BIE AR o B T 5 4 Bl g S R P A 5 R O A B T
2B

BT B 3 R A S A5 TR O vk 2 B AR 23 B B O SE R, R 45 AL 1 3l g w8 54T 45 4
PSS ERE T RG] IR BE RSN EAR 55 R AR R IR, B AT S &2 A
F 2 T IR B T A U, T A 52 IR b Y BR Al R A 5 R B4 S R A A A S i Al
P45 K4 Bl 3 e S 2 0 AR Ak ) A5 R B 25 2 ORI ) B2 A O AR A SR IO 45475 3R ) 48 R L il
SRR . RS B RO R B L B AR D 1 vk AR R LUR L DU & T L O A L A ) T I
A7 B O U T B0 2 6 BB TR i AT R A

1 ETFTRRAEMEBZFEHNHBRGIRANBEAR

LA B0 X 50 S5 A AT IR Sl R 0 A R ARG 2 B AR S S B X TR s B R A R R 2R
A D IO A A A3 5 A B A A D5
[(K+ AK) — A, (M+ AMD @, = 0 Q)

» WES B HA: 2009-05-14; 1T HHEA: 2009-10-28
ESTE : &% aail 2R 8 % WURMIF L 4 (200804590006 5 7] [} 45 7% A1 300 H (084200510003 ) 5 1] j5 45 Fd 17 N AF 5% 2%
A 2009 4F B IR (HNTY090049)
BIRES . Q57— B, 8% LA S 00, ZENF T RGPS AR TAE., E-mail: wangbo@ zzu. edu. cn



48 DI N (2010 4F) &5 25 4%

P K M G5 551 S 5 46 45 495 T %) 8 44 DI 8 R % R JBi 6 L B 5 A, AME 43531 Ay 453 43 il 5 | 7S 194 445 ) %% 1K M
S R I R B o R I 1 A2 A 5 A s @53 I R SR B IS A 2R s BT ARRAE (B AN IR 2
FE AR s AR A Ty I iR
R, =— (AK — 0, AMD) @, = (K — A, M) @, (2)
XTS5 L B AK, AM R AB R T A s @ AT BB K, M2 B b iy (2) A7 30T, R, ]
SR S5k Rl BE R0 XU 5 X R, A B R STHR A 1 E R X R L S [R] 4 4 AT 43 AR AR T )

1992 4F Zimmerman Al Kaouk™# $#8 T “F25 [a) 5 k7 Bl R G R FTAR B8 A Tl i i . 2T R
80 235 g 1%y DO R B 6 L DA R S U A5 4 AR 2 S B8 T A A IR D) L AT LATH B 4% I RS B AR A
e, BLJE H Kahl 1 Sirkis 223 47 T — R 50055257, 1993 4F Baruh 1 Ratan™™ FH 5% 4% 77 1)
AT 1A RN e A A B B AETE AN L 25 AR R R RS BT YR 22 KT 1006, O i
D ) 5 SRS AR VA, AR AN G R R A TR A M A BT b R O 125 B A 2 S R iR 25 A
ARG Fry T A5 32 i 0 7 R 8 0/ i AT

2000 4F G. Ma 5 Luit™ %5 58 2 11 5545005 25 46 1 % 4% 3 1) ek oA ff 58 453 005 B0 00 002 8 33 2o 45 4 1) I
et M R R Y R R A S B S . DT IR AR AT A AR B BT B oR T AR B BE SR T vk L B B R
PUN G R 2%,

2001 4F Fukunaga ™ #F 58 1 & F 58 A% 1 2 ik A 400 005 38000 O 125 o 12007 0k 1 S R T BR A O 1l L A
493 5. 50 4 R 35 L PR A A5 A% 7 1) 158 25 /N SR ff E A 194 S PR RRE B O e i B 49 w3 )
VI ETE X RS G ARES H A0 R B v B . 3200 R R TR 45 2R 5 A BR TR B A B R 45 2R Y
P P 5 DA G

2007 4F- Lopezt™ i 1 3153458 14 45 ¥4 (1 5% 4% 7 1w f5 A A 52 ml BB A0 03 B e B 4 3 3k 7 2 ) ik R i ik
A FRITHAL g B RS SEBR IR A R RS T Y 0] A

AT DL YA RO B FLA S 2 5000 R B A o 1) o 6 1 AR Ay 7 i A 3 R B R R AT AT Y .
B2 BT R R IR AN 58 A8 PR N 32 31 7 BRI, e b, 258 A0 a3 152 2 5 K i, 23t B4 4
AIERHA

2 BRRAEMEZFMRBESHAERES

IS 5% A% 0 1) 5 2 AT S A 10 AR ) R — A e A HE D R R ORI i DAL T A 5 SR N 2
AREGAR S PRHAT 735 5000 T 05 U 803 B9 B o — RO AE k2 Sl s Bk A g 1) ik ik kA 45000 5 £ L P
R BUE AL A5 B R

Ricles Fll Kosmatka"™ ¥£ 1992 4F 1 £ 1o FH I 75 14 R85 HCH FIRH O 1) 45 4 fige 7 A8 284, 2 AR 4% g 1)
R E T REAT A A 0 05 DX 7B L SR e S BRI i R A A AR R L LA IR 4

1995 4FJ5 o A SE M | D v A 45 SR PR A T 1] B U0 1 S 4 Bt 45040 0 6 K I 7 FH N AR 5 4802 3 A
19 75 15 U A 4 A B2 0 el VR B A A A 0 0 P AR L e o B o A A TR B - i AE 2R 4
SR SR G 45K 9 5 A% g 1) A5 T LAV 1 b ) A SRS R ) 453 3 9 2, 9 LT ol 2% 40 03 B0 T A 1Y A
BR AR I 590 2% B0 0 i B AR L R AR g e e RO B D

2000 47 F 2 3T SCREU R A B0 5 BRAY I 1) i b SRR EAT T B2 W A R AR R R
HHRE 73 BT R 75 T 45 K ) B S R 22 XS W SR R L TS A R R W] S A — i AR I T AR
3 1) 5 9 X i 2 BR A5 R ) B 012 Wi Al A R, S ES A B O — E IR R S YR L TS RE 4 L A
A2 W4 AL H R Y IR 25 I 10 Do, ph 3R I 1) B i 4 1 A9 R 22 LUK, 25 SR BB T T S PR L AR 454
14 15 15 12 W

B AR 3 1) A5 R SR AERE S AT A 4 5 1 A AR RN e LA A A B /NI T L A R e 45 45 R
R AR BV BRI R . AR %R TT IR B BRI A TR 5 B I e 22 AN IR 22 L R B R I A
HBE /N TR ey LIS A4 1SR | Bl 45 R 48 0 B A O, R S5 R R ZE IR




LR EAEAE . FRAY Ty ) B IR ARG A R R 50 b il T F 49

3 HERAEMEBZFHHLITIE

5% A 3 B B 8 1996 4 Sheinman ™ G 1T CHE 0 55 A ) 1o 41 SR A48 4 6 4500 46
WA TR R

2002 43K 16 KU 308 3o M (R MEABLE I T B 1 9% Ak 160 ik T oo B 904 4 0 90 0 5 L5
TR /N7 e BV {95 4 S B0 95 5 58 A 7 W1 K T B A AR R 80 R A SR A A O R
FHH 219% A T IO ARXE A5 A3 F o 0 AR 0 0 e . R 07 S B MU 19 58 4 T 48 BK Fw P LB
A AR R
Fu— F.

F.
A A 127 T K e SRR 2% 0 T o T 0 A 0 90 R 9 35 52 6 5 e 7
AT,

2004 4 LISk . XIFRE BBk H A58 A% Ty 161k BT T — RSB BESE . 2006 4F B T —Fh R SR A Ty
7 45 450 0 9 02 0 9 T P 0 99000 5 (4 M (DLAC) {6 1 72 77 i e 9454
{45 B0 5 PRI FE T 2R S R 4 0T 4 I 0 160 RS 6 5 (0 O 3190 00 R 0, 3%
7 TR A 2 TR 0035 92 10 MR £ 19 7R 5 6 M B 55 59 M 52 L 00 00 T 8 2 LK 5 96T 4
o 2 ATRR IR . S T 3207 FLPRE]— BB 25 50 [R5 4505 26 T 00 F 4 280 4% 2 7 I WS
2T K R LR . 2006 45 XUDERE 3 B 45 % 1 T A 2 0l R 5 e b A 42 404 T 45 4
50003350 o R 0 38 6 U (LU 4 3 B T RS R ORI O HL B T R Ak ) I v
5 T 530 05 070 LR 207 R o IR o P WA 25 B B R £ ol
FE 5 38 5 A 7 AT 05 U £ K B 2% . 2006 4R B L X1 RHEE BT T AL 5 44
Ao T R 25 DR ALt T — B 088 Ak 0 160 o ok — 1 T 7 253 L 2
T 30 B 55 A 1 0 5 R 4 85 U0 L Bt o7 30

FR=F,*—F," 4)
Forfr L B B B 55 3 R B 1 5% A 160 22 (000 90 40 5 R0 19 9% A ) 1 I 90000 90 4
B0 58 4 ) 1 I

0PI 3o 7 A 16045 25 B By v T IS 1525 UM 5 2 0 Bk 152 4 ke 10 B 4

PSR 1 L2 24 5 LA 5 T 2 B 0 B 2%

41 BRRENEEEFMATIHENERZARANES

1999 AFFAEA (TSR T T — R b 2 46 1 SR S ORI 5 ik . 05 TR UBR A ) ) i AR N
SER 2 ORI B I 45 B A BRI R AS A Bl s 18] 23 A AN 150 SR T AE 52 243 18] A i 125 A8 0 0 I R AR
Bl HEAT T B, AT B v T 1 2% WA S TR K 2 R RS B i e B T T O Ik A R

2003 AFRRAT e L B ARAEOT 7 B T RN A 1395 T B T A5 15 < 43 T2 P 8 T 45 B TR R B 43 A 5 R
TINTI AR, or SRR I 4 WD T TR A A D AR bR R B — 2 K T DXk A 3 R L A T X
S5 20 R B S A 2 0 45 BE AT s SR U e S0 A B 45340 1 DX SR AR A 0 el A A R G Y
— JE I ) 4 BEAT A5 R A0 DX 5 B D XA DI R AT S 1 8 A 2 £ B A A L BT S Y
AU T A R A 2 0 % AT I R D U e S0 A 38 A 0 AT i 7 A A 2 22 e i i AT R
F18 55 )2 Al 28 00 4% A 4540 DX PN B9 LA 403 A i ) 6 B R RE LV o FB bR BT 15 R 0 B T 2k bl
T O0E A R AR T 1] e HEAT A3 BT R A G S5 A A T RE A s T S AT R L T AT R 50 AT 1 B4 AT o 4
PR AR Sy i A8 B LURT RE5LT3 AT 1 B9 463 3 i A0 T S IO 48 A8 285 22 1) Bk 1) 2 BB Oy LA R R,
FICHE IR 5 AL Sk AT S e s B e A5 B EL A B 458 0 AT i o7 8 R HC 0 R 38 . 9% 38 S i 4K
(EL07 FL 70 A 50 W 3 T R 7 12 S BE A 2 Nl R i 45 28 U i T ER AR 02— AR BRI L e 4
3 45 g 9 00 23 RS 5 06 iR 45 A 14 T 2 I R R O 8 T AT R Y o T 0 i 1 A7 2 ) A

3

UV —



50 DI N (2010 4F) &5 25 4%

P RN 58 £ 1 R FRORS Bt R B RN T B B R B B SR Ay L PR TR % T ki FH R SE PR TR 2 a2 B R
il
2007 4 Soonyoung Hong ™" H& H W5 45 475 45 ¥y 5% 4 J7 1) B g A © VI 2 i 19 BP 4% L DL 5 5405
A7 B, T2 FH A 28 ) 2 A e 00 405 8 %) 7 9 o ol e A T8 B 48] 5 BH T R 4 ) ) i E N R ORI UE AR Y
DA 3 T 58 A% 77 1) e R 5N T 28 4 B R &5 5 10 T 10k [R) A o 2 SEASE 2R AR 3 1 35 22 R A
BV 52 & P L PR e N, FH W AT A7 T8 1A 22 2K i D 1 ) R

5 KRRNEAEZFMEMEREZNME

Bl R RE T B AR 09 & L JUAR T 3R A g 1) £ 1 RO B AR VE AR 45 & i 450 0 UN I B S U T
— AR T R A 3 A S RO B

F 1996 4F 2 . Mares C, Surace C 455 F 5% 4 7 1] 12t Fl 35t 1% 5503 AH 25 6 00 I 06 ok 106 45 3 03 1) 2 o
e s =,

2002 4 5 % U0 AR AR J ) R B, R S 00 A S 50 AR T 5 A 1 ) B S B A B T A A
I | B A B SO T A AR Y A S8 (I EE L BELJR 55, 1 77 38 ok Bk Ay 0 1) TR 1) 45 A4 1) 450 4 9 4oL
A AR R L2l T A 2 P X015 2 AR 45 A B 45 0 5 S R 4 A 22 ) 118 22 S 7R R N Tl 8 I 245 R
VIESE RTINS TN 2 S Qi Bt R SRS (RGN

2006 4F He Rongsong, Huang Shunfat™ 45 75 {5 475 B[R] B 5 [ 7 A5 4DLIR i ast 1 312

2006 AF L LU 45 7 £ 57 H AR SR B BR A T Il kL 1 8 N FEM T EL A 75 1) 45 4 B 4 T i 6
W 4500 T B MO R B 450 40 i A3 IR Y K5 R R 3k 4 2 005 B 1 st AR SR I Ak Y B B R
A GA THRAFEIM 7 st Bk izt o TBU SR 00 BT SR o 1 M s h A R R
B 7R BRARUNG B0 T L 352 4% 550 05 RE R A M 38 H0 P05 I A7 e o 6 5 08 B TEUS IR A5 00 T L st Sk g
FE GRS IR 12 W Y 3 AN BEOR L T TR SR PR EOR . (HRAEE R A B IR 2 AR
B, FON T B A — S PR BOR EAT TE B 4 T A T IR Y R e B 7 IR R T X L
PN s TEMR R0 B VR A5 T 7 R M A T R 25 SR B R 31X S B I A BRI 22 e I
HMEBAERE b AEE WA A TR 1, X WA & B, 518 3 2 i S BOR P AF 7R —E 1Y 7]
i

2007 AEFFAF N T — ML T AR AR g ) vk A Rt G AL T A A A O S A 4 0 R T s L Al LAY
S BR AR 3 1) A 3 T s A R UL A B AR eRBOE 2 R SO Y 354 B AT T R S5 B 4
P4 0 2 o A E SR SE A5 0 T AR T MRS A B0 T L AT B — B B B L 5k 4 7 1) 5 0 R R 605 X 40
P AT WA 5 AL 5 T4 Sl B v A AR A S R A, S B T AR AR ) ) e AT S U e AR T AT
25,

2008 4 F BARDIHE ST T R IR A F1 10 UK (R 7 B R 45 A IR AT B N A O vk A R
TETR MR AR O0 T U ROCRAR 47, 8 52 0 A B /IS 453 00 ) s R 4 by R 31 45 4 1) 453 40 5 A 031 3 g
FART 5% HRAVR AR T 10 20 MRS B0 R IZ 7 i EAT 05 R0, o BEAS 21 LU B 1) 45 58 5 7E 03 32 g
P10 %0 ARIUMEFS 15 00 MO0 T L A IZ TS i IROIROCR AN B AT 2 A SR BTl A H BN R AN g
TEA U A5 BT 33X U B A R AR BT MR RS O T B Y SR PR . H AV S o ) AR B A 4
HEAT B A0 U0 FE B, A5 R R T G207 125 00k 1T B 2 4 AT 40 005 TR0 R REAS Y HG A A 235 R L T X A A R Y
U R AR L8 25 I 2538 .

2008 4 Yun Hl Ogorzalek" ™ 454 15 Se i v] RE B 05 PR OCHE & , P30 i AR A st A% ik b AT AR Ak LA
13 245005 BT SR B R 7 15 . TEIZ DT VE R R AR 5 1] X 4549 f) 0% R 0 A TT RE 0 A F T
a.

LT HR A 1 N H A T s A4S A B BF S A SCHERIRIE . W0 Li Cuiping. Kentucky 2558 B 5
TERA I A TR A TR R N . 2005 AR K40 25 B I A5 0 A A B TR AH G 1 45 4
it AT ARSI, SR FH R A 1ol T R AR A3 104 A7 R L L P N A AR ) R R AT 4 R 4 5 1R L




LR EAEAE . FRAY Ty ) B IR ARG A R R 50 b il T F 51

FEFRWIUNR T LARAT 2 22 A9 15 2 6 A 80> T 885 T 8000 A iy B2 R S5 IR T DU S 403 00 B R

2009 AF 1 Ay AT SRR SY T E ST o 2Ot A R AR g i e 454 R OT R BN L P o A%
$E Bl R A 5 000 A P AL A AT R 0 O ik o O e e BO(E AR DL P 2 T 0 AT D I 2R 5 22 I R 22
R R W A R0 e G O 453 4757 RN R 45 4 3 1l 22 R R0 45 28 B9 B 4 LA Ao 1) M 7 A 1 R0 4 2R
iR R PRI I RS E B LIV (1R VL I RPI BYSTE 31 RN K (T ART R RV €4 OF i F i AR I E Y &
JE L HA B 04 15 R RS

B A% 3 1) i vk VR RS vk B RS O VR AT LSS 0 R HE R R AR T B O B A R A T EL ey TR
TR RS BT MR L 08 B R A0 TR 5 SR B4 AR R AT R A L R R BE Bk P S S R sk UK
S5 5 R (EL AT 5T

BNRR A B AR T 1) Tk B 0B A B X454 BT B SR L B E B E L B DN B A A R AR
BRI ERAR 1 1) bk, W] 4R E B3 o (ELAR AR T 1] ek 10 140 e o 7 KT A 28 0 R0 e R A4
SHR AR TR 15 2 w4 R I AR 25 BRI A T RE R AR R A, A S I (E BN SE A B B — s R R
3 1 R AT 55 PR ) A TR A

6 KRRABMEZAREABER

I 5 Py & 6 5% 4 ) i o R 9 EL S T PO R R BT 9 B SR 5 S B TR B
BEBY L 78 RS AT FE T AE b o AF A0 00 L 3 5

(1) WU/ 22 B9 TR 5T . Pl 3R A 7 1) 5t R Bl 140 0 R 45 0 T 5 2 2 (2) VAR L PR i
PREE IR 22 B0 b TR 2 RO PR 5 S I A 0 2 S T 3 A R R e 5 S 7 A AR K B B
AT U /A% TR 22 7 2 358 22 S 45 SR ) B ) S — (8 45 R 58 O VA, SRR (42,4304 R 1 T 0 0 R B3 Y
5 A e

(2) L] o I 0 5t A5 SR 52 4 SR . L T3 e 4% 1) ik s A A7 5 A A5 SR S B ey TR
3 AT T 0S5t 1 T SR A T 5 R AR TR R A (R R 4 R R I A 2 L ELBUAY (1 R A
B v AR R T 5 4 A R T AR T A X 8 1 50403 5 0 2480 005 o 8L T 0 X R
B P33 28 7 10 0 T80 2 A S RS B L 24050 005 057 8 3 T 000 i X R AR B L 9 R 1 4R R L P R i
TR |, L] e 3ok 26 ) {145 R 5

(3) el #4752 bR T AL 4G5 R S PO B 5T . UL IR P S0 AR D6 R 58 SCilik L B AT S T AR A e B 4 0
U Dy B R R — B BB AE /N 45 4 T X T A e TS B TR A R SRR K T
0T e FTCA B 188 0 G5 3% 7 02 753 WA 8 Jo el (0045 T 5

(4) BRA 7 1) PR GO DR ST . 1 BR A 7 160 BE v 4 1SR S RS B LA T AR A 3 16 Bk kA7 B0
TR L 04 2 B o 15 22 B 2 7 A 5 SRR L T % B A 7 10 e 1k A T B 2 2 47 A 340 i 3 L B £
A AR AR R A A S Y

(5) BRA BRA ) 16 ik RS RE B IO 5T . 5 0 JRU R — A5 el 2 7 3R B0y AR 0 SR A oh — e 2
BT A RN L 5 SR AN M — 1 ) T 450 2 A A6 2 8 R — o M 1 A TR O (T B 5 7
A 3 T R s A TR R R R T A o R S B R RS A

AN R A 7 1) B 3 55 T 5 SO R oh B R B R 4 A OB SE . P TR A I e b L R
FH B F B 1 58 56 4 it D AR5 T 5B AR EL A A0 K A R 045 A% 7 1 vk RS R A TR R LB
S AR R R 45 2 2 A R 45 A ok B T A0 3 35K 2 AR SR R ST 10— R T R
7T Z5iE

SRR P B A 7 16 ek R R L [ AN T AR . S B AR HE R 105 8 o B
A3 T 5 FH 0 22 54 5 DA 4 o ) R S A R L B D R B A g 1k R S R O A T T I

TR 22 [ 26 RV RE S AR 45 5 25 D7 T 25 1 [ NSNS IR . AR R 8% 4 0 1) 4k 12 B B AR TR Y
[F] X 1% 22 1A/ A B A 98 8 1 S i L B 0 1 o 9 1) RACHE R A D 1 i T R BE IR MR 5 A



52

DI R I (2010 4F) % 25 3%

77 T JR BTN P R AR g ek BE AT S5 R UM B S R S R
S Uk

(1]

2]

[3]

(4]

(6]
L7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Zimmerman D C, Kaouk M. Structural damage detection in beam structures using a subspace rotation algorithm
[J]. ATAA Journal. 1992, 34(12): 2341—2350.
Zimmerman D C. Eigenstructure assignment approach for structural damage detection[J]. ATAA Journal. 1992.30
(7):1848—1855.
Kahl K, Sirkis J S. Damage detection in beam structures using subspace rotation algorithm with strain data[ J].
ATAA Journal, 1996, 34(12): 2609—2614.
John B K, James M R. Damage detection in structures by modal vibration characterization[ J]. J. Struct. Engrg,
1999.,125(12), 1384—1392.
Lim.,Tae W. Kashangaki, Thomas A L. Structural damage detection of space truss structures using best achievable
eigenvectors[ J]. AIAA Journal,1994,32(5):1049—1057.
Baruh H, Ratan S. Damage detection in flexible structures[]J]. Journal of Sound and Vibration,1993,166:21— 30.
Ma G, Lui, Eric M. Structural damage identification using system dynamic properties [ J]. Computers and
Structures, 2005,83(27):2185—2196.
Fukunaga Hisao, Kameyama Masaki, Ogi Yoshiro. Damage identification of laminated composite structures based
on dynamic residual forces[J]. Advanced Composite Materials,2001, 10(2-3): 209—218.
Lopez, Frank P, Zimmerman, David C. Structural damage localization using element signature recognition[ J].
ATAA Journal. 2007, 45(1):71—78.
Ricles ] M, Kosmatka J B. Damage detection in elastic structures using vibration residual forces and weighted
sensitivity[ J]. AIAA Journal, 1992, 30:2310—2316.
JRSEE R AR G AR . TR BE T AT R A5 A A PT A 2R e Kl B 5 [T . R KR, 1995, 22(4) - 104 —
109(Zhou Xianyan. Shen Pusheng. Yi Weijian. Theory and test research on damage assessment of concrete plane
framed structures[J]. Journal of Hunan University,1995,22(4) :104—109(in Chinese))
SRS, TR B = AR Zh S BOR BN H R SR BE HAEZR HEAT BT AL [ ], £AR TR %R, 1998,31(2) :39—
45 (Zhou Xianyan, Shen Pusheng, Cheng Xiangyun. Damage assessment of reinforced concretes structures by
vibration parmenter identification technique [ J]. China Civil Engineering Journal, 1998, 31 (2): 39 — 45 (in
Chinese) )
EH LI EBL ST, HERA 1 i BT SR R 2 WT [T ], B W B T 2 24 4L 2000, 25(5) 64— 67
(Wang Zhongyao, Guo Xiuwen, Wang Ke, Chai Wengguang. Damage Diagnosis research for Continuous Beam
Based on Residual Force Vector[J]. Journal of Kunming University of Science and Technology,2000,25(5) :64 —
67 (in Chinese))
Sheinman I. Damage detection and updating of stiffness and mass matrices using mode date[ J]. Computers and
Structures, 1996, 59(1):149—156.
) 2R TR Bl A A 4 G 5 v ) S AN SE R AT ST (D R R KR B TR AR L 25 7 38 3, 2002 (Zhang
Xiangdong. Theoretical and experimental studies of the damage detection by the vibration method[D]. Taiyuan:
Taiyuan University of Technology,2002(in Chinese))
XNGERE AABAR . 2T 5 A Iy 1) A 0 45 4 5 05 B P 2B ik [T ). b Ll R 2% 441, 2004, 43 (4) : 1 — 4 (Liu Jike, Yang
Qiuwei. A Two-step method for structural damage identification based on residual force vector [J]. Acta
Scientiarum Naturalium Universitatis Sunyatseni,2004,43(4) :1—4(in Chinese))
XN RS AR ER Ty . S5 R B 03 R v AR R e R )BT ). i R 2% 4R, 2006, 45(1): 1—4(Liu Jike, Yang
Qiuwei, Zou Tiefang. On the Model Reduction Techniques in Structural Damage Identification [J]. Acta
Scientiarum Naturalium Universitatis Sunyatseni, 2006, 45(1):1—4(in Chinese))
Bk Al XUBERE. PR — i o i BR A Dy 1) = ik D). A ) 2 % 41, 2006, 27 (1) : 83 — 85 (YANG Qiuwei,
LIU Jike. An Improved Method for Structural Damage Identification Based on Residual Force Vector[J]. Acta
Mechanica Solida Sinica,2006,27(1) :83—85(in Chinese))
TAES B — PR T 4% 0 45 R S BORU ik L) ] WIS R 2 2 . 1999526 (4) :39—44(Yu Dejie, Lei Hui.



13

EAEAE . FRAY Sy ) B IR ARG A R R 500 b il R T F i 53

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

A method for structural parameters identification using neural networks [J]. Journal of Hunan University,1999,
26(4) :39—44(in Chinese))
TARME. (o ISR AE R T S B 5 0 A 2 Wk (DL . 2 DU TR 22 A+ %% 43738 3¢, 2003 (Huang Dongmei.
Two-step detection approach to joint damage in high-rise tower structures[ D]. Wuhan: Wuhan University of
Technology.2003(in Chinese))
FEARIR . AR B AR AR BT R TR W R T B2 Wk ()], MR RS TR 2, 2003, 23(2) 1 143
—149(Qu Weilian, Huang Dongmei. Two-step detection approach to joint damage in high-rise tower structures by
using artificial neural network[ ] ]. Earthquake Engineering and Engineering Vibration, 2003,23(2):143—149(in
Chinese) )
BRI L B R . R D A A S A 1Y A Y BEAR 502 W O R [T HE S R TR L 200819 (2) 1 72 — 78 (Qu Weilian,
Huang Dongmei. Two-step damage diagnosis methods of large and complex structures[J]. World Information On
Earthquake Engineering,2003,19(2) :72—78(in Chinese))
Soonyoung Hong. An effective data mining approach for structure damage identification[D]. The Ohio State
University, 2007.
Soonyoung Hong, Herman Shen M H. A novel online structure damage identification using Principal Component
Analysis [C]. Processing of 2007 ASME Power Conference,2007:367 —374.
Mares C, Surace C. An application of genetic algorithms to identify damage in elastic structures[ J]. Journal of
Sound and Vibration, 1996.195(2):195—215.
Chou Junghuai, Ghaboussi J. Genetic algorithm in structural damage detection[ J]. Computers &. Structures.,
2001,79(14) :1335—1353.
Kaazem M, Ramin N. Structural damage detection by genetic algorithms. AIAA Journal, 2002,40 (7):1395—
1401.

Ananda R M, Srinivas J, Murthy B S N. Damage detection in vibrating bodies using genetic algorithms[ ] ].
Computers and Structures. 2004,82(11-12) : 963—968.
Ricardo P, Ronald T. Structural damage detection via modal data with genetic algorithms[J]. J. Struct. Engrg. ,
2006, 132(9):1491—1501.
L. A I RS O E kR D] B B W TR 2 W 4 2 48 30, 2002 (Wang Aiwen.
Methods and Research of Inverse Problems about Structural Parameters of Dynamic Behaviors[ D]. Kunming:
Kunming University of Science and Technology,2002(in Chinese))

He Rongsong, Huang Shunfa. Damage detection by an adaptive real-parameter simulated annealing genetic
algorithm[J]. Computers & Structures,2006,84(31-32):2231—2243.
LI BTt AL R 5k @ B W I (D], 3L )RDUIE TR 2% A+ 2% 37 38 3, 2006 (Kong Fan. Structure health
monitoring using genetic algorithms[ D]. Wuhan: Wuhan University of Science and Technology,2006(in Chinese))
TR MR ARG A L1 AR S AR SR A R i T S LT ). By JEUR K T AR AR . 2005, 25(4) : 369 —
374(Yuan Ying,Lin Gao, Liu Chunguang.Zhou Aihong. Study on an application of genetic algorithm to damage
identification[ J]. Journal of Disaster Prevention and Mitigation Engineering,2005,25(4) :369—374(in Chinese))
FER MR IR A B AT, BE T AR A J 1] ek 1 R O g A% s B S R R O IR B W S [T ). TH 5 ) 2B 4, 2007,
24(2):224—230(Yuan Ying, Lin Gao, Yan Dongming, Zhou Aihong. Study on structural damage identification
based on residual force method and improved genetic algorithm[J]. Chinese Journal of Computational Mechanics,
2007,24(2) :224—230(in Chinese))
TR R R B AT P AR WL T R A AR A R 4 R 4 5 R R RS 0. B T 2R, 2007,24(2) .
186 — 190 ( YUAN Ying, LIN Gao, ZHOU Aihong, YAN Dongming. Improved Genetic Algorithm for Bridge
Damage Detection[ J]. Chinese Journal of Applied Mechanics, 2007:24(2): 186—190(Cin Chinese))
TEAE T B R EOR BB RS BRI AT R (D], K& AROR 2 18 2% 6038 3, 2008 (Yu Fanhua.
Research on Detecting Damage of Bridge Structure Based on Computational Intelligence[ D]. Changchun: Jilin
University.2008(in Chinese))
Yun G J,Ogorzalek K A,Dyke S J,Song W. A structural damage detection method based on subset selection and

evolutionary computation C]. Proceedings of the 2008 Structures Congress,2008:24— 26.



54 DI N (2010 4F) &5 25 4%

[38] LiC, Smith S W. Hybrid approach for damage detection in flexible structures[J]. Journal of Guidance, Control
and Dynamics,1995,18 (3):419—425.

(390  alagl. HeT I A8 4500 bR Y 45 k451 05 1R 31 (D], B sBHE 1 R 2% 8+ %2 {12 30, 2005 (Zhang Zhen. Structural
Damage Identification Using Strain Frequency Response Function (SFRF) Based Method[ D]. Wuhan: Wuhan
University of Science and Technology,2005(in Chinese))

[40] Wang Bo, He Wei. A New Method Based on Matrix Perturbation and Improved Residual Force Vector for
Structural Damage Detection[ C]. Processings of 2nd IEEE International Conference on Computer Science and
Information Technology.2009.3:61—64.

[41] He Wei, He Rong. Li Yawei. Research on Damage Orientation by General Residual Force Vector and its
Implementation[ C]. Processing of 2009 I International Conference on Mechanical and Electrical Technology,2009 :
227—232.

[42] Bahlous S E, Abdelghani M, Smaoui H. A modal filtering and statistical approach for damage detection and
diagnosis in structures using ambient vibrations measurements[ ] ]. Journal of Vibration and Control, 2007,13(3):
281—308.

[43] Paul Williams. Structural damage detection from transient responses using square-root unscented filtering[ ] ].
Acta Astronautica,2008, 63(11-12), 1259—1272.

[44] A4, S50 UM JLAN 7 36 1 L 32 (D, K3« 3 MROR 24 Wi+ 4 437 12 3C, 2008 (Li Jing. Comparison of Several
Methods for Detecting Damage of Structures[ D]. Changchun: Jilin University,2008(in Chinese))

Development and Application of Residual Force Vector
Method in Structure Damage Identification

WANG Bo', HE Wei"?, LI Jing-bin’
(1. School of Water Conservancy and Environment Engineering, Zhengzhou University, Henan 450001, China; 2. School of Civil
Engineering and Communication, North China Institute of Water Conservancy and Hydroelectric Power, Henan 450011, China; 3. School

of Civil Engineering, Zhengzhou University, Henan 450001, China)

Abstract: In engineering the structure damage identification technology is of great significance to grasp
structure working condition and to assess its safety and normal service performance. In recent years,
the method based on residual force vector (RFV) and applied in structure damage identification has
been concerned and some achievements were achieved. This paper summarized the achievements of
RFV method and applications in structure damage identification from following 5 aspects, including
RFV method, combined RFV with sensitivity analysis method, improved RFV method, combined
RFV with artificial neural network technology., compromised RFV and intelligent algorithm.
According to the problems emerged from the application of RFV wused in structural damage
identification, the development trend of RFV method was predicted, such as the error reduction, the
overcoming of influences of incomplete measurements data, the application of RFV in actual project,
the improvement of RFV, the combining of RFV method with other intelligence algorithms and so on.
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