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Abstract .

Usually only some lower modes are identified in civil engineering, so it is hard to estimate the damage of

large structure accurately. Aiming at this problem, the method of adding virtual supports on the structure was proposed for

structure damage identification. The virtual supports were constructed by the substructure isolation method using the linear

combination of responses. The structure with additional support is called after virtual structure. The styles of the virtual

structure are various by adding virtual supports on different places of the structure. The natural frequencies of all the

virtual structures were then collected and used for damage identification. A 3-D frame model was built for the verification

of proposed method.

Key words: structure health monitoring; damage identification; substructure isolation method ( SIM ) ; sensitivity

analysis; natural frequency

G5 K B M N0 b R TR AP A W S BN T ) 2
—, TR S S5 AL A R 00 ) B B BB BT, O
LERI A HEAN 2 i SR A AT RE I BB AR T SRR
T ARG M B L 0% 5, 45 X0 45 4 2547 HE A 19
PO IE A — E A, HE AN 45 1 14 R B A 0 A2 2%
A, A2 T I B R ZE PR A FRAE , LSRR R 54
ShAE B R AR O I AU 25

AR TR rp G A4 405 — B B O 25 H I 11 A

HeWH . EEE S IEMBI & R (973 %)) (2013CB036305) 5 [
5 AR FE 4 T (51108057&51108066) 5 * -+ — . [H KAk %
P£I5H (2011BAKO2BO1 & 2011BAK02B03 ) ; o g 25 £ 3L A B Bl
% %L 0 Y% 4 ¥F B ( DUTI3LKIL3 ) 5 A [ 1 1 )5 3 4 45 5] ¥ B
(2012T50255)

Wk H: 2012 -09 -07 &Sk i3] H 3 :2012 - 10 - 09

F—EE BEEA B A, P, 1979 4512 A4

b, G54 vh S 1 A RO, S5 R R RS 2
(BURAIRA) e R Al . BRI i A 1 3)
AR T ELA I 30 25 00 L2474 A R T I T
HUA U, BB AIL 43 8 0 RVRRAE 2 e 9 ik
55, BT DL TF SR SR O IR 5 5 2 R R EE g
TR Ik 2 —. Wang 45 3 1 25 S AHUE 43 B
XU T S R BROGE R AT 4 05 00 . B8t e
S S T S R AR 005 IR R AR 9 AR A,
iy R SR LB A K, A T
SRR 2 A R BRI A S R 51405 it
TE75 R A AE 7 S, R R 285 19 5% sl A7 A SR &5 4
AP o SR TII M) T  R A 2 TR R TR 5 Ay 483 15—
JEAFAELL T AN HME: O SCbr TR A R RE R
BRI , TR A 25— /N T 2 A A
PR, RO RTUZE R R4 7 TR A 453 5 P 1) 5 B2 IR X 5



5 10 1

P PR BT BN AU SR PSSR TR T ik 119

@ ARBI S S BAEAE S e 2 B AR AE 17 X% J5) 451
19358 A R i RS — BB R 0 R B AR T
FEEF 22 D09 Xt R IE 30, B 1 e A 40 0 ) 25 A A 2
SRR R 4, DRI (SURR B A 25 114 72 A AR A X 7 FL A
BTN E

T SRR Bl 11 o RS 2 R O 9 Y R,
A FH AN S5 A8 (8 S g B UM AR S RO A A A
FREG o S 73RO RS (0 RO, R i A IR Bl 4
P Y 7 v o i v a0 G i) K, AN 45 4 b FfY
SR I o b B S s e R 1 S )
LRI R £ v R R A R IR 2 i e s A
(R bR i 4 SR S R VR I 2 R BE 7R
BoorE, S T iRIR st i Bos  BEG B 4 A 2
P RBE S BRI B 2 8. SR S B oK T AR
H I AN 25 ) o T3k R T A1 4 2 3 4 3 5
Pratky b AR R B A s (A SRR T 25
JER IR

AR SO P 2 AR5 i T i 0L S 8B 1
A G e A2 R A R U SRR N SR R T S, —
FERE LG T 52 P TR A B 50522 Jot o ) 2 )
ME o AU EEAE T30k I R A REAEUR R 3 25 A i 1
BARGRE 1 45 F s 5 10 A T B A D M AU S e, A
K TS5 H R I3 1 B AR . RSO B AESE R B3 A
FE P B T 0L S 38, 45 453 A R o o 8 S8 Jis 36F 7 )
Wa R e SO — A~ REAAEE ), G BT AT 3 2 J AU 25 4
TN IO AR A2 28, B R LA Y 1 R 331 L 45 40 BT A g A1 3F
BT R 5o Btk BEA O TR 45 #4454 TR0 14 IR )
BEE I R AU S AR T A LA = AR D FEAS Rz 5 B
I RE AU S JAE ] R e R UL A5 A 1 R S T IR S
(R 5 ) 7 B B 0L S48 , T 8 g A 2 0 468 A )
R B BN e 0L S AR T SR 2 o X PR b
FA AR DX Bk A6 ), S A ) 45 g A 0 114 9 Af o A
vl

ARICH IS A RAR T LTk, RIaHET R
BUEZAE SIS 24 M AU A 1 RO 3005 U0 U 3k, el
a3 T HE SR R B0 Uy vk A R o

1 ARFEMBGIRATTE

OIS L 5 AN A B n A L AR IR
R ITE 54548 301 5 /138 B4 bk Rl 2 O ¢ AR
WO TR N n 2N TR R 2SR, 5 @ A
RSP Rt b R (2R Sl T QU ISR N RTINS
ke AL IEAR I KRR LA ¢, X LERR IS DA ¢ 2N
T SCHENINAE TS5 46 AT 3800 o © FEAR A, A2 145
AR PR I me ZELAN TR ARl , B2 AL A
TE WA N FA5 001 5L b n A1 S 1 e B A2
PRI L AP IR A 505008 b o d 78 SCE AT N © 2

AR o A T A REHES AR A =[], A =
[A, TR C, =[c,;1,C=[C,]1,B=1[b by, b, 1F1D
=[d,,d,, " ,d,],A R CRHLHW N HHE,B F1 D hy
FEAS ) N B . S AERE A B .C Fil D A2 7 R
X1, AT LUK T4 0 S 7 B 6 R %, B A
TG 1 AT g e A Ry UL S, DT R 25 4 I
A b o B ok SR A ST A 2 R T 2SR AR R, IR A TR
BN HBE D o 290250 r e g, FLrp 5 40 e iy
d, ;AN T 2R G5 TE AU £ 4E TR 1 R 2R
I MEIEEF M LY, o SR TS AR PR £ R0 4R o5, 38 2o e R
A IE RARTE J7 , wT R 29 3R 25 f R R 6 4 F
SER BT < 2 R, AT R R Rl R s S
T AT 52 £ BRASR N, RS R 4%
S A AR 1 E e R ) A (IR AR B ) |, AR 5 R
BRSO 07 . A SOk f R BRSO , B4
U R R A5 S R RT 5 TR A 49 o
D =D-CA'B (1)

o BRI R AT TR BOR G5 PR S5, 55 oh
LSRN B T3 1) O VA T ) 3 R DA S XoF 1 A% gt
5 .

2 ETEMERNSHAIRMNT E

FI 1 TR, 29 ST 25 A Tk ] UK AL R R A
Jh BEFPLSZ AR, Tl EL R UL SR (14 A B AT AR 308 254 1)
RS R B A B AN R BR T A AR T A I
RS RBUZ Al (S W (3)) , B R TR
FAGE SRR W BEA ELHE 5 AR, 4 S B 204 £
F8 P T 07 58 XA P 19 B2 A A e K, e AR SCH 40152
JREAT BB PR R R o 2 SOHs R RE 80 S A I 14
LERAPR T A ZE R o — A DL SR R R e — 1
14 FABCRE BT LK HE A0SR 73 531 B i 210 254 o A5 ) F
iy ) A7, ANERT LS e i BE R I 25 i i, i g
B IS5 ) P 300 40 1) SR BRE 3 A 0 A 45 475 3 ]
RO T &

1T AR A A F BRI T R AU SR8 {6k 4 A
A AT X 10 2R B0 o ) A A il 2 AR Y K H R
TRET A CERECE , B UM R R 45 Bt 2 1%
XY R HEAT 10047 P, T A 5 A S AR LA R
FREAS 04T ol LUALE , 45 R 0 A Bl 1y — >0 A )
M 7 BT AR5 R, LR IR TR U 5 A 22 0 5 4 e
TELE ARSI AR AT Ml A o AR SR T U SE
JRE 14 75 1 R B A B RIAT, BT L B e B R
i 2P — AR I T T i R AU S, —
e IR T PR 3 A1 R A0 S A8 I 45 K A R, 9K
AL IR W RS Sl A, S X 45 R B A R A O
R RN 8 i 7y 249 5254 5 1 03 A B AR
A B REAU SRR {25 X6 o7 0 45 ) 1S 35 A o A Dz A



120 & s 5 &

2013 4E45 32 %

P19 R A = RS (B ), TS I 165 BT AT
TCREAG A 2R, ) A0 26 SR AR L I o 8 4 a0k AT AR
2.1 EBipHES

R —Z5A n AR EEUN 26 7 SR
JENIBEEHFE Ko 3% BRI 1 5 R SR i &
AT AR RS K A AR, LA I BE A O K
WS AR I 5403 T LA FE X (2) Sk 2 i, A 4 44
PG FIEA R w = (e o 0 (u) HEEH
M, o (k) = o, (0) 0, (0) 0, (w) | A
ZEREE) m DR, B IR o, T AR R
A AR (3) , K o, W8 @ B IH— b4
Rk HLE R G R D IR ATERE D, A
FEOL SR 5 I ZE R B O B 25 G (j=1,2,,n)
@ () MEEAULER G, PRk o iy m; AXHALED, 115
iRMIE SR ES, Hh o (p) =
to (w) a5 () o, (w) 1"

Kjd = wk; (2)
M - % _ QDL'TK/GDz (3)
o, 2w,

iGN o R S Mo = {/-L],O sM205 "7
ool o I Taylor ZETHS o (w) JEIF U 31
E LYW

., ., n aN(j)( )
w;./)(ﬂ> %w;ij)(,ulo) + ; %
;H\:‘:P:Aﬂizlu“i _Mi,0<i=1929“'5n)o

8&)1(;")

D (4)

o)) = o Aoy = o) (p) — o (po), MR
(4)f:

R(j)AM — Ad)ﬁ) (5)
K

~ () ~ () ~ ()

wlj,l wll,z wlj,n

~ (j) ~(J) ~ (j)

R wlj,z (021,2 wzj,n
~(J) ~ (J) ~ (J)
wm;,l wn{,,Z o wm;.n,
A" = A0 A Aw, |

LRI RERNEEE G (=1, n) sPkIE TR AY
SRR WX (5) B, SR T X e 22 ik X HES )
FE—iE R

RAn = Aw (6)
X
R= %(R(l)>T (R(Z))T (R(n)>T%T
Aw = [ (A0")" A0®)" A"
T LA B AT (7 ) A TR
L =p, +R Aw (7)

2.2 BESR

KA BIR AF AT 0 2L, A6 B AL A M 1 A
el , BRI A0 e UM% i 140 A S B 4

(1) B eHRIE R T, B E REAU SRR A
— AT EAEAL P B R R

(2) A&l (i A B 24 5 R 0 S R 1 o B —
B, R R LS B 3 AL s A T LU A O kU SZ
JAE, T LA AR KR, R AR AR 5

(3) ARG B A — ORI R i oy
BICA B, IR AT DU 3 S 2SS MRS (5 B I
e IR A R 5 R A0 S AR A L — B, P LA
IR PE R BB 73 L

3 R R A (R BEAT 1058, ) 00 2 A 3 7 i
F 2SR T2 0535 50 S AEAG 1 L BSR40 52 e , 9 £
eyt e B8 R S s R DL 5 A PR A R i i B A T A Bk
TR NS I HE 0045 40 A BR TR 1, ol SR M58 o
SRR EE R AR T S B A AR o PR A
W 1,

BEMPE M EHTE IR, B4
X9 hmi . RREAMME, &0,

=it] |-

WEHBEWEGOEE LA, SEHGEFITRE, 250

EEMIGH N BEAMBEARE ERENEEFETHGS

AR, NEE. EERNBEE L. 4 RI3ENM P

T4 B R BR  B 07 A AT /INEESRY, EFT AR B

WAL, AN S MMERBEREMN . JRRE AP
B/INHatE, ®=0.

it

1 h AR P 5 AR R (735G 14 b BE 0 Bt il

Ri) VERLRUGRT, A5 HAthh, - 1400 R AR R EE AW RY

FIRAR G EES MG EMMERISE, FHitE R

IEEIUST PR 5 R AU A BN, AR5 A i R

SR BMEAEIE, HEERBES T, RERTEH)
A R B B

BX-5 BT A PO IS I L 40 0 A [RTR RS, @R
5P KA P R BB BRI AR A R 4R 4 B AT SRAL IR

K1 e
Fig. 1 The flow chart

3 HiaEl

3.1 Z[EMEZRER

)RS HESEA FROTHC RS, WK 2, A R AR
K53k 4 AT, AR N R4 16 DT, R
3.6 m 5 [m] RS, AFES 3.9 m, YN —5 4.2 m, AR
0.4 mx0.4m,RAVERE0.12 m, 2RI 0.4 m x
0.2 m, %5 Hy MR & 0. 345 GPa, % & 2 600
keg/m’ , Z5H Y RTITBTBELE 4 0. 01



25 10 31 PTG . FETF R R 3OS e B S5 A A R 5 7 121
s iR HE 22 R1 ZEHMEEE

EFy b DAk Tab. 1 The natural frequencies of structure /Hz

i, Mo 7 RSV VN, s

P " 1 2.92 2.76 6 12.78 12.18

L Ejyii it 2 3.03 2.85 7 18.76 17.12

i, 48 5 #E 1Y 3 3.89 3.69 8 18.82 17.15

iR 23,6, 4 9.96 9.39 9 23.57 22.05

8.10. 11 Al 5 10.17 9.68 10 24.06 2.11

15, 3515 .

A 32 HHORBENN

= e TN D S,

I FH A 0 R 45 52 3 1 S by A B oL 78 345 R 10
358405 BF T FE 1 3

70% . 80% .
50% . 50% .
70% . 60% FiI
70% , H B 1k

>N N [z] 2 *Eag
jﬁ 1/75 T Fig.2 The frame model
3, i e 4

IR AT 10 BB WA 1o fBOseait s 4 1 B AR HE 2R
R BT LR 18 AN 458 45 A - A 2R, 24 AU
BN T 1 IR RS, S /N T
ARG o T ST A R AT RABUE 73 A7, SR e R
A5 % VRV SR 1 FEE AL 45 R 5 ph SR A 88 R A e e A
A7 AP A A7

BidilAl 1
COOOO—
O BNOD

BN 5
3 R T

Fig. 3 Damage extents of pillar

~ N0 WA
A REGPE x 192

5 k12 e D)7 R (LS H G12
4 R B 5 AEAE 12 Bt i 0L S e (B &5k G12)

Fig. 4 Relative sensitivity

Fig.5 Adding virtual support on
pillar 12 (virtual structure( G12)

3.3 IR

FELATERE 12 b A B R UL SO g 9], 90 2 ) 46 4
(e 10744 35 R AL 4G G2, SR T Ik 45 I A R UL 45 4 3R
BIFT AR SEBR R, WS B 5 e AR 25
TR 22 SR AN T RS B, AR /N TS R 5 5% WA ) B4

B0 23 1) SR R A AT, SR X 2R A e o LIS 4, R
o R M BUEAR /N i HAREZ I, /T DVE A
PR 25 B 25 5 1 45 N HLUAR B 22 8] AE DG MEAR R 3
Ui B R H A s Ay St AR MEE R TR0 475
WS FEAE 12 b B s 400 S e, FE R S v kAU
SR HEAUL ) B S e, B T T R A R R —
07 W RS, Wi A IE AN 20 SRR I R SR e
JEILSE#) G12 By RS, W&l 6, A LA i L 4544
GI12 1265 =B AnsE N B2 0 T4 12 i REUE R TH
TR ) RABEEAR 22, TS 2 32 B P I A5 285 00T oz 1) 2R
HRE, [RIFRIR B EIILEH Gl ~ G18 g ik bk = A58 v
AL, FIIX AT R A — ke, — 3k 36 MR, L3R
2, FI 136 AT 18 A iy 43 , B 10 S5 14
KFARFE, BIE FIRATIT I B T A X S0 R X
JE FUA 25 ) ) SR 50 AR U HE A HE — R 1A — A,
BB ULIE 7, i) R R R B S X f e &R A AR
R, Fir LART A 42 A0 i /s — 3 1) 2 187 B R R 3 SR
fif = (6) etk fedd, W= (8) .
A = (R'R) 'R"Aéw (8)

Bl 6 RMEIAZER G12 ByAIxT R
Fig. 6 The relative sensitivity
of virtual structure G12

GERG I X 7 i AT R o
3.3.1 UL G12 iyl i

SRAAEAE 10 12 017 (14 Hp (8] A3 E5 5 A5 s
1L S1.S2 A1 S3, WLE 8, FHIEN 9 SRALIL/ NI, 7>
BIFIAE ST S2 WAL, B A5 5% W75 14 sk B



122 ka5 &

2013 4E45 32 %

Wi A 100 SRAEAAS 500 Ha  SRAEHERTEY 1 s,

T R SR AR

Fig. 7 The matrix of selected relative sensitivity

R2 OEEUHIIRER

Tab. 2 The selected natural frequencies

@ B KBV B W B RV ki
= b Hz Hz = Py Hz Hz
cl 3 4.19 3.98 10 3 6.25 5.9
6 13.87 13.39 8 20. 11 18.63
@ 2 3.16 2.99 Gl 3 4.89 4.49
5 10.82 10.14 6 14.12 12.78
c3 3 4.19 4 cl2 3 6.25 6.05
6 13.87 13.22 8 20. 11 18.77
c4 3 4.19 4 c13 5 12.2 11.63
6 13.87 13.35 6 14.72 14.37
cs 2 3.16 3.03 Cl4 3 8.98 8.49
5 10.82 10.3 5 10.33 9.93
6 3 4.19 3.93 Cls 5 12.2 11.35
6 13.87 12.99 6 14.72 13.59
o7 3 6.25 6.05 cl6 5 12.2 11.59
8 20.11 19.73 6 14.72 14.44
8 3 4.89 4.38 c17 3 8.98 8.5
6 14.12 12.41 5 10.33 9.94
€9 3 6.25 6.04 cls 5 12.2 11.64
8 20.11 19 6 14.72 14.24

BEHL ST ¥
il BT 45 i) Rz Ay
FEAIE J, 2 15
i QRN A
2 o N, A PR
EXAWNESE i
Al LAY i
REAL 45 1 G12,
RP4EAE 12 f in
AR AR S2
14 38 S Hg U 32
JE, an 11, X
4 3 F) ST A
S3 {1 UL &
12, 5 HEZHH
Vi e 45 G12
FAIAT PR G A% B 3 B o — 550, B 0E T ¥R B v
FIUFHIE 12 44 3 g mi 17, 050 i L2544 G12 1) 8 AN
2,0k 3,

8 fl i A 5 i

Fig. 8 Sensors placement and

hammer excitation on pillar 12

®3 RAEMEN G12 H5aZE/Hz
Tab. 3 Identified natural frequencies of G12/Hz

2= 1 2 3 4
IR 3.00 5.92 10.21 19.19
52 5 6 7 8
ik 24.43 39.21 41.76 45.66

HT T 4 T SR T r) R, A A1 5 25
FHABEBI A K . O THERRAER 3 Pkt Hh R g%
Bom W, 05 S5 MRS B B B0 DT IR , 7 245 5 31
EATA BROTEE B 4T 20 A - O FH B8 HE 400 25 4
G12 J3Afr /1N Bl T vl A5 9 Dty P80 A 285 % O 114
BGQ 455322 TSI B BIE HE S EE A G12 KR Y530
R 3 PRI AR BT LU, ARSI B s iy

100f . o
7 0.2p] @ (.2f
< 20 Lt proao s Bl g 0.1f —s1
ﬂﬁg 60} H AL AN LA —S2 = ’,“ Y [—s2
i 40 : —s3| B -
20 : = B ‘ B oo} '
qﬁ) 2 4 6 8 0 = 0 02 04 06 08 1.0 < 0 02 04 06 08 1.0
tx 10%/s S t/s
(a) A€ SL IR mi (b)  7E S2 L Jiti i il i v g

K9 /N

Fig. 9 Hammer excitation

Tkt . MR LI LR, 945 & REBUZ T,
FIHfEDE 3 RIS G12 X AE 12 52 MU i i 4 R
45.92 Hz fi119. 19 Hz,
3.3.2 Wi EAMAT A BEAT I 0

FIIE 8 Fp (L A R A A L, A SR FEAE 17 b

10 57 5% W 25 R f i
Fig. 10 The 5% noise polluted response

S3 YA 1 W IS R 29 SRR, A P AE ST S2 T
ISR A AR 7, ) LU 2 07 Ry S3 5546 0 1
PSR , ¥ R AU A G17 o [R) B, A Foke e 10 F
ST s il 8y o SO AR DAy 240 SR SO, D) ] AR5 ) 240 SR
LR G10, WAtEUL, WRAEHESE [ AT & 3 A fe



5 10 1

P PR BT BN AU SR PSSR TR T ik 123

S, )]
PAH 3 i 3
A L&
tay, F
=L AR
it 6 A
7 3,
AT LLSE B
i A R
JITRF R 4 R
WL G1 ~
G18, X s fr
AP R
R B A B S G12

K HE LR Fig. 11 Isolated structure G12

%%40

— HS1
—— HRS3
— S
— MIES3

04 06 08 1.0
t/s

0002

B 12 EAUSEH G12 R

Fig. 12 The responses of virtual structure G12

R4 Pk HeosnZz/ He

Tab. 4 The selected identified natural frequencies/Hz

Gl 4.02 c7 5.95 c13 11.49
13.36 19.80 15.04
@ 2.93 8 4.61 Cl4 8.50
10. 14 11.81 10.07
3 4.27 9 6.01 Gls 11.45
13.14 19.15 13.84
4 4.00 10 6.11 cl6 11.57
13.33 17.94 14.41
s 2.95 Il 4.39 c17 8.51
10.30 12.82 10.07
6 4.03 cl2 5.92 Gl8 11.62
13.00 19.19 14.13

AR 4 BB 36 FA B4 18 4> HE U2
4 G1 ~ GI8 AT, AALIEAN S YR H ALY 18 4473
DT, WL 13, th 5 2R AR L 50 — =219 12 AR AL T
P! B LEBCHE R , T 26— 2 AN AT oA =R R 22
R SEUREAERR 22 1 EE PR T H—
S A B CL 2 [ 45, BT LARRE i R 40 5 ) 3of JH: SR 5
MR, i 7 R H AR A, IR
R FRS REBUZ AR

|

HiiAr
Soooo—
OB NS

RSl

FER 2R 5
K13 PR N

Fig. 13 Identified damage extents

X HUAE B R R A B A7 — 1B SR IR A
TEAE 19 55— 310 SRR IR A0 53, e 14 (a) , A
SCRE B IRANREH IS 2 AL 58 42 00 2 B A, (B mT LA
JERE BAT R Y JR T Sl AR, ) 55 R IR 2 A XIS 2
BEIRZA (o AR Jo B 3 1 T 222 DL — o Jey v A
AR B , XHRREZS 7 RT3 Sy R AR R
WA T HA M B A R G A RBUE . AnlE] 14 (a) A7 &
PR T 2 1 ek ST S2., 4 5 P A Al D 1) i
Frisal o H S1 AR UL SR8, AR 3t 141 14 (b)) B
TR 0L SR I B R, LT 1S o R P A ) g 3 1)
HE X RO ) SR S SRR o a3 ) A RS 2 A BRI R 481 52
JAE, XS IE Y 6 AR R AR AR S

K14 RSO
Fig. 14 Virtual support

)

#

b :

= :

== 0 2 4 6 8 10
tx10%/s

Bl 15 A A o i
Fig. 15 The constructed responses

of the structure with virtual support

RS BEREME/Hz
Tab. S The Identified local primary frequency /Hz

Gie 1 2 3 4 5 6
BUEHT 1 0.7 0.8 1 1 0.5
BUEHM 111,08 88.03  101.42 106.22 104.61  75.62

A 109.07 88.13  99.32 105.40 104.11  75.35

HRE 3 4 Mgk 5 3L 42 AU A B4, mT L
AR ) 5 IR, 5 R LR 16, B0k 1 5 1Y
AR

(%% 129 )



5 10 1

ToOMEAE B i B R S S 129

Techniques; Advances and Applications [ C]. Proc. SPIE,
1998, 3411.224 -235.
Link A, Tadubner A, Wabinski W,

accelerometers  for

Modelling

calibration

et al.

(7]

transient  signals  using
measurements upon sinusoidal excitation[ J]. Measeurement,
2007, 40,928 —935.

Elster C, Link A,

measurements and

Bruns T.

determination  of

[ 8] Analysis of dynamic
time-dependent
measurement uncertainty using a second-order model [ J].
Meas. Sci. Technol. , 2007, 18.3682 —3687.

BILLUE, T Mg T el R A IE B T 2 HOR A Y
WhgE (1], fRIREAR 241 ,2012,25(4) 1487 - 490.

HU Hong-bo, YU Mei. Study for parameters identification of

(9]

an accelerometer based on high shock intensities[ J]. Chinese

Journal of Sensors and Actuators, 2012,25(4) :487 —490.
Link A, von Martens H J. Accelerometer identification using
shock excitation[ J]. Measeurement,2004,35:191 - 199.
Link A, Tdubner A, Wabinski W

accelerometers :

et al. Calibration of

determination of amplitude and phase
response upon shock excitation[ J]. Meas. Sci. Technol. ,
2006, 17.1888 —1894.

Ueda K, Umeda A, Imai H. Uncertainty evaluation of a
primary shock calibration method for accelerometers [ ] ].
Metrologia, 2000, 37.:187 —197.

von Martens H J. Evaluation of uncertainty in measurements-
problems and tools [ J]. Optics and Lasers in Engineering,

2002, 38185 -206.

0@00®00S00S00S00S00S00S00S00S00S00S00S00S0000S00400400S00S00S000040040040040040040040040040040040040040040040040040040040040040040040040040040040

(E#EF 123 W)

1.0
N- 08
= 06
K 04
= 02
~ 00
Kl 16 mZPUIRRih T
Fig. 16 The final identified damage extents
‘o5 @

AR Y T R A0 SR8 A A5 A5 R 0 O ik, R
ZJE A [HEZRASE Y oA i U0 1 AR R, IR 15 2
T EER

(1) FERAHF R BRSO, AER T
PR Jey il i 3 11 SR Ak, i L3 PO 25 1) B
PR w1 U AORS BE AT SRR

(2) i AR B B HES 21 6 A, it e] LSk
BUBAREE R B3 TR, AR T X ) JEAS

POT BRI g R AR, 1% SR PR 5 i —
I

2 % X o
[ 1] Peeters B, Roeck G. Reference-based stochastic subspace
identification for output only modal analysis[ J]. Mechanical
Systems and Signal Processing,1999(13) .855 - 878.
[2] Bazan F S V. Eigensystem realization algorithm ( ERA) .
reformulation and system pole perturbation analysis [ J ].
Journal of Sound and Vibration, 2004, 274 (1 - 2).
433 —444.
[3] WangJ, Ko J, Ni Y. Modal sensitivity analysis of tsing ma
bridges for structural damage detection[ A ]. Aktan A E,et
al. SPIE 5th Int. Symposium on Nondestructive Evaluation
and Health Monitoring of Aging Infrastructure.
Beach, 2000300 -311.
B Bk bR AT, AF. — RO SE A TR T 4G
R 5 00 O ¥k [T ], 0 JH J1 2 24 i, 2010 (4)
670 - 673.

Newport

[4]

ZHAO Jian-hua, ZHANG ling, XIANG Bing-zhi, et al. A

method for structural damage identification based on
incomplete measured data [ J]. Chinese Journal of Applied
Mechanics. 2010(4) : 670 —673.

¥ N B S TR S e VTR i BB S A
POPUNLT]. TR 2011(9) - 109 - 114.

HAN Dong-ying, SHI Pei-ming. Damage identification of
derrick steel structures based on frequency and equivalent
damage coefficient [ ] ]. Engineering Mechanics, 2011 (9) :
109 - 114.

Tt MBS, BT RS S EOE 1B AR AL S A R
SRR [T ] B 224, 2012(2) < 191 - 196.
SHI Zhou, ZHAO Ren-da.

structure accounting for boundary condition variation based on

Damage detection of bridge

mode parameters[ J |. Chinese Journal of Applied Mechanics,
2012(2) : 191 - 196.

Rk, XRS5 O U AR s B Dk [T ] T
RT3, 2009, 26(5) : 159 —163.

YANG Qiu-wei, LIU Ji-ke. Structural damage identification
by adding given masses[ J]. Engineering Mechanics. 2009,
26(5): 159 - 163.

VR, T IR, T AR SETREINC RN A 8 o
BARUMEE L)) TREJ%, 2009(5) : 19 -24.

YANG Zhi-chun, WANG Le, DING Yan, et al. A direct
model updating method using added known stiffness [ J].
Engineering Mechanics,2009(5) : 19 —24.

Hou J, Jankowski L, Ou J. Experimental study of the
substructure isolation method for local health monitoring[ J].
Structural Control & Health Monitoring, 2012 (2 ).
191 - 196.

Kolakowski P, Wiklo M, Holnicki-Szulec J. The virtual
distortion method-a versatile reanalysis tool for structure and
systems[ J |. Structural and Multidisciplinary Optimization
2008, 36(3) :217 —234.

Hou J, Jankowski L, Ou J.
identification using Local Primary Frequency[ C]. The 11th

Substructural damage

International Symposium on Structural Engineering. Dec. 18

-20, 2010, Shenzhen, Guangzhou, China.





