558 445 3 1 2010 4E 9 A
1672-6553/2010/08(3)/213-6

B EEE R

JOURNAL OF DYNAMICS AND CONTROL

Vol. 8 No.3
Sep. 2010

B T 55l oF 203 R 12 IE By Benchmark 254415 {5 1R 5

e

‘ER X HK

(B RETRSIE 7, i 200240)

BE R TR T R R R AR RUE 1R T5 vk, M %53 %) TASC-ASCE SHM Benchmark £544 #£17
TR G5 RRIA 2T  RR A O BRI S TR 22 , PR IE B 1E 1 A 0 P T SO e 0
W P B T (RS2 IR FEASE IR R 2 e R P LR o I B8 0 A A 1 5 S R R KR IR T, 32 12 36 A8 i ) 4t

PR .

XKW MO, BUREIE, ¥R,

51 &

PEILHAE LK, B 28 U BHE I DRk 2 g, K
5 PE MO v R U0 TR A R AR S5 R R A SR A A
W OB A T, B 22 1A PR 45 4 ot P 77 i
LA e SRR N7 TR AS 2R 22 AL ), 3y 4
RTEAT 9 WU L RO S M 4R B AR S it 76 5Ly
WA | R T e Ty it & 4R TR
A2 R SRR I A T 1 A T I B A TR
P R .

LR T 00 = PR X 2 AR 4 5 AT IR
1, TR A A AT 73 0 Jay s 12 A A3
Tl R S TCAS G Bl A X 2 SR A
PEAT ARG, 7 A (AR DU o R A g 1) 2l 285 i L
P, TR S BB 2k 18] W7 AR 0T 45 A4 f R v DL R4 T P
fili. AR — SR 5 B0 S 0 B AP AE AT AE
AL BRI O RE AL | LA Bt — 20 X 25 R 3R A i T A7
AFHEAT U 4505 R 7 vk R EOnT 20 B B OE
5 B AR EERANE R M2k GRS LA R
B IIHTIEAF Tk

PAEAS BT 0 25 A BRSO
B IE-ZE MR 50 ik BEAT F 5. BB IR T 1%
(A S AR S 57 AL AR JEE 1 R A0 FROC 45 A
TR SRV I B S A R A0 0 ) 0 45 4 Bl 0 R TR
B, — P A T e JRE S0 S A 2 2 B ) B K
HR A 305 A AL BN IBTAE TEASE Y o (1 1 S
Pl PRI S, AR AT BROCGAR Y 5 B S 4

2010-01-14 YL |45 1 §5,2010-03-17 Y F &R

B P

ST P 8 R A AR 3 ek S 0 P R o 2 e ok
SR 7 BRI [ B ] P A A% B 4R S 4
PR J7 ¥ B0 45 44 {2 JE e Benchmark ( ASCE
SHM Benchmark ) 514 47 1 R A (B IERTST.
Ka-Veng Yuen ™ {i FF 45 ¥4 fidt FJE W 00 4 B 45 3
34 T Benchmark i, 25 — 20, i AR 45 5 4%
SR A W) L 25 R A IS AR S S o
A I DL ST AR A6 L 5 T 0 5 M B S0
AT REME AN A E 4. 1% 07 6 1 Jmy IRV 2, TR 254
FAORRBEAR /N, 43 A 55 78 R 4k 52 AS 1 o 1) 1 OO0
B  AR UR, %7 A BE IR ). HLF.
Lam 42 G AU o0k, 1% 07 56 DL J s
S E DT R A BT RIS E
Zath T W S ERAG TR i 22 YO L, 45 SRR B A
SREGAE W EE B S T 22 LR ] — R g, 4140
AHEWUA. Caicedo) 25 3 iof B 55 34 il 1 A FIHEAE
{HSLPIE ¥ ( Eigenvalue Realization Algorithm ) $75
5 ) 8] A A RIS S AR AR, o PR L ) A ) e /)
ST BRI PE A AL, SRS a5 A 1545 i
Ji M ERASE e 1) 728 A T3] A7 P 458 0 07 5 AR 483 47
JiE . 2o S T R TS B 2R AR
B3R 7 s, g g | A — 4543 23 A R A, 1
W T BB Bernoulli Euler 32114 3f) g mi i , 44
T HH A0 R WRVREL R R I B T S A T4
Biprn R G, a4l T AT s e R
RAE P s ¥y 350 07 2 (57 AN DPA O k. 35 sy T 2T
Xof PR S U] ) 25 R A 12 W B | AR AR X R o A 1



214 DT

EC I 2010 455 8 &

TESEIPIRZS T 1% B A FR S 7 PE G 2, Xl
BEARV 5 (0 B A . B W45 7 B S i A5
PRI b TR R 7 S R R 45 AR
P A B T QR A0 A BT A7 5 2.0 ik 3 195 ol
TE M ARBFFER B e A 26 AR L. 44 J gy 2
R0 T —Fh P B 512 7 7 1 , S 22 3 A
P AT RS BT B AT ARG R T
BRI 5% A0 7 1 2 3k 28 T 4B 445 B0 T O 2 405
PR 1207 1 A B Ak BRI A LS 4
R TR A A D BRI £ 30 B8 E 455 3
D5 %7 AL SR A i A, 32 0 D 75 Y
SEMAR/IN BRI 22 S /N, %05 P e/
£ H R AR DR B AR .

AR SCHFEE 1 BT A6 1 5 1 AT 25 R 3
511, LRI 22 B0 P 5 TR 25 28 B A R
SRE B 7 i, 27 1 9 I BB TR B R A
SRR X T F I B RS T B A — N
M , T AR LA M7 485 SR 2 (O 08 TF B 80k
Wh A BT BL IE A7 AF AR 22 ) S8, 33t 23 5 T
R T W B S, 2 R 2 AR 5 ) 1 i
Ph. T LU E LS % R, R S0 B0 3 = 5 1Y
S B BB , A BT LA S S R 25 A T 12 2 , 3 3ot
XD [ B SEBR AR HEA T, S R A5 BT
R I SR 4 [ oy B SO B S 15 1 I W
9L R 7 SR B R 55 R 0 00 B B 5 R

1 BT I smme & 8y RS IER &

—HCAHOL T A FROCEE B T AT S S5 5
A RS e AT IR) , i 52 i B2, A FROG i
T S B A R B BER i S 8 S
FI H BERSCR H 5 e DR 2K T R — B R A Y A4
RSB R, AT 4 5 m] RE 2 A2 B o0 A
TR IR B , 28 Ul I 4 B SO A, o
BTGBV AR D RCR , bR E R AR UL B IE
T R R 5 A R DG TR SO, SR P S B A 2
B4 R rey 5 g R 1 3 DG PE Y e AL

ME A AR T IR AN (I 2
HESLDME IE B | W EE R A ek B 4B 1E T i
IR E R E AR R (HE R T I B A 7
ARFORGE , 00 LW P SCAS WA, A e 32 %0 £ o0
Kb 2 B AN W o A O, 3 -5 S P
DUANET 5 T B AU 5 SR o A SE 36 A 73 M i 2 )

BRZE N HER BB IR T, BAR BN —E /Y
TR (HAE S AR S 4 (B 0 2 A vpy, W] AR —
FEFRFE X SO OSBRI A TR - A BT
PR IR RS R SRS e U
AR R A 3 s RS S A B E )
PR ET X S IR B SR ALY Y, (H L g J 1
DA AR A 750 AT ) R 5 ) — AR UM BT A MER
Hh AT R ik AR T T 6 S B At R R 4 .

R S B B AR A B DTS B S B i 22
W 7 F4) 90 M R 550031

H, H,
H’z[H,e]nxp’H”z[H{w] (1

FLHHL, AT S A 45 5 R, S
WA B (46 1 1 SR 45, 5 BTG A0 5
H, A% 5 P4, p S P45 R 35000 o 1
188

SIESCHR [ 10] {945, 75 55 15 31 21X 4 (1
LB RS N

H, =H,0 (2)
o T Q M

Q=[H,(I+W)H,] 'H,(H,+WH,) (3)
WA Fh 1 , FLX £ 70 2 4k T sl T
RN S RS FE 5 4R FE 2 A5 2, U AT B W =
1 00 SN A RS FE A 53T 8 6 e, UL W < 1
RZHEW>I

TS A W0 BRI TE 25 2, 545 S B A o
i i — B0 BRSCR AR RUS TE A 2, i FAR SR
T Benchmark 25 H RIS S IE , BB IE AR
A5

[H]"(K, -o!M, -jo,C,) ~1'=

[H1" 3 KA, (4)
FOP L H FR SRR B AR TR, R H, G S
S B LR O A 5 R 5 1 ) H
m WA BRI A TE L, K, SR8 j BT I 8T I
W S R BB . Aat, g %% 260 T R B 1 2 016
TEZBL Fr s RSB e €, R4 5 0 O 6 1 2%
PEAL A& F0R , PREUA TS HORS P L IBELIE 22 550946 7 i
2.

%a,=[H,)" $K.X =Aa;,b, = [ H,]" (K, -
J=

w,M, —jo,C,) = I',r FE7R5 r By 4513 R bR 4



53

W5 BT R R SR AB IE A Benchmark Z5H4 433 155531 215

B, BT LR (4) 508

aX=0, (5)
FE AR FRATTE 5 AT LLIWAS FT B (0 450 58 F0 451 i)
PR AT LA R - SR I (S) B2 bR
TR BT Al At T R

AX =B (6)
A

A=[a, a, - a]",B=[b, b, - b]".
H1 TR AR X e80T 05 e, R T i 2 4k
PEJT L T A R A RV die /N —RIE R T 3R i, 1%
B IER

X=(A"A)'A"B (7)
FRAABROTEIUEIE A, RV AT A 28 1E )5 A A R
JUMIEE «

K, =K, - SAak, (8)
2 IASC-ASCE SHM Benchmark Z5#334451i05

2.1 Benchmark Z5#J1EiA & 2B

IASC — ASCE SHM Benchmark %5 #4 it J5% W i
FEYEA AT Lt 90 AEACHE S, JF T 2000 4E7E
UBC M1 TR0 % dE gt 1 9230 Benchmark 2544,
ZJ5 SHM TAEH AT T — RN TR LI TRy
P ESELS , I HAAG 1 — Lo S A A LR 7 4

GRS EA s A& B R A U 7
X ) R R AR SR A 7 1 e 45 43 R )
RORBAEEOA S J7 25 0 38

N AR TS, K A TR AV RS B
B EIXANMRS B HUH T E S5 R T A X 45 R
TR . A5y 4 J2 2 x 2 5 0 4R 245 F HE 22 45 R
BB AR BT RUSE R 2. 5m x 2. 5m, 35 3. 6m. 22
SR Z R [E 4G , 52 1) 8 MRS 5 454 2 8] R %
e, T ARG O N 5 2 B R 5 R
T BT AR AT A S PR O, 5 — 2 B
it A 800kg A, &5 — 2 FNAE = 2 45 B pO B i
A 600kg Az, T J2 B fin U Bk 5 5t ofy 400kg Al (A
XFR ATy =3 400kg Fl—H 550kg ) . £ fn &l
1 Frs.

SHM TAEZH AR T 48— 1A Rooi 8L, J=
BRAEMIMAAERSE , 45 52 BRaah 14 1 HIOB B = 4B 4T e
ZRRATUL M 54, B HZ S W S5 A N I 2 B s
A FROTHE AL EE 116 450G, S0 5 5 53 70 b 5

—JZHE(1~9) B(10 ~21) , 3AR(22 ~29) 55
JZ:FE(30 ~38) ,52(39 ~50) , LA (51 ~58) 345 =
JZAE(59 ~67) , 5 (68 ~79) , 3B (80 ~87) ;551
JZ (88 ~96) , 42 (97 ~108) , 44 (109 ~116).
P SRR BT A B, SR RIAT 2 24 4 52 oo Ak
BB AT 45 AN A BT A 6 DA
JE (3 K3l 3 ANl , axilaity s 270 4~ F
HIRE, 5 BEE fe 1 J2 505 Mo T2 W 2 45, BT L
LRI E B 216 4

%1 ASCE Benchmark £ #4
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Fig.2 FE model of ASCE Benchmark Structure
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6 cases of simulated damage patterns

Table 1

Number of e
Damage description
damage patterns

all braces of 1st story are broken
all braces of 1st and 3rd story are broken
1 braces on 1 side of 1st story is broken
1 braces on 1 side of 1st and 3rd story are broken

pattern 4 + uncrowed the left end of element 18

[ N S S

area of 1 brace on 1 side of 1st story is reduced to 2/3
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Table 2 sample example of SHM Task Group
Example Incentive Model Damage Mass
number mode type pattern disposal

1 environment(Y) 12DOF 1.2 symmetric
2 shaker(XY)  12DOF 1.2 symmetric
3 shaker( XY) 12DOF 1.2.3 4.6 unsymmetric
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Fig.3 disposal of simulated experiment sensors
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Table 3  story stiffness updating identified of case 2
Element Damage pattern 1 Damage pattern 2
Theo! Identification ~ Theo Identification
Story DOF Loss( ‘;Z) Loss(% )  Loss( ‘Z) Loss( % )

1 X 45.24 48.48 45.24 46.74
1 y 71.03 71.94 71.03 72.27
2 X 0 0.69 0 0.63
2 y 0 0.09 0 0.09
3 X 0 0.25 45.24 46.05
3 y 0 0.09 71.03 71.13
4 X 0 0.13 0 0.11
4 y 0 0.09 0 0.10
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Table 4  Story stiffness updating identified of case 3

Element Damage pattern 1 Damage pattern 2
Theol Identification ~ Theo Identification
Story  DOF Loss( ‘;Z) Loss(% )  Loss( ‘Z) Loss( % )
1 X 45.24 46.10 45.24 46.02
1 y 71.03 71.96 71.03 71.13
2 X 0 0.10 0 0.10
2 y 0 0.09 0 0.10
3 X 0 0.10 45.24 45.51
3 y 0 0.09 71.03 71.79
4 X 0 0.10 0 0.10
4 y 0 0.09 0 0.12
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Table 5  Story stiffness updating identified of case 3

Element Pattern 3 Pattern 4 Pattern 6
Story  DOF Theory  Identification ~ Theory  Identification ~ Theory  Identification
Loss(% ) Loss(% ) Loss(% ) Loss(% ) Loss(% ) Loss(%)
1 X 0 0.27 0 0.19 0 0.27
1 y 17.76 17.65 17.76 17.83 5.92 5.99
2 X 0 0.10 0 0.10 0 0.10
2 y 0 0.10 0 0.10 0 0.10
3 X 0 0.10 11.31 11.43 0 0.10
3 y 0 0.10 0 0.10 0 0.10
4 X 0 0.10 0 0.10 0 0.10
4 y 0 0.11 0 0.11 0 0.11
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DAMAGE IDENTIFICATION FOR BENCHMARK STRUCTURE WITH
MODEL UPDATING METHOD BASED ON FRF EXPANSION

Hu Huan

( Department of Engineering Mechanics, Shanghai Jiao Tong University, Shanghai

Hong Jiazhen

Liu Zhuyong
200240, China)

A kind of modified model method based on FRF is presented in this paper. By the method, the dam-

age identification for the structure of IASC — ASCE SHM Benchmark is conducted. The result reveals that the er-

ror of model analysis and the influence of measurement noise on the modification can be reduced significantly,

and the physical meaning of matrix can be ensured to be clear and definite during modifying. Under the effect of

model error, measurement noise and the uncertainty of mass and stiffness, the method displays good accuracy of

identification.
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