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Abstract

Mode updating and parameter identification belongs to the category of structural
identification(St-Id),which is conducted by pairing the structural finite element(FE)
model with the static and dynamic test results, it is significant to evaluate its response
prediction analysis, working conditions and health monitoring. This paper first
introduces the concept of the multi-model structural identification(MM St-1d), which
uses multiple FE models to anticipate the structural test results, the key is to form a
large number of FE model libraries and check assessment, and select the correct
models from the model cluster, rather than select the optimized FE model for simple
model St-Id identification. In this paper, the issue related to MM St-Id has been
researched based on Bayesian theory.

Major contents of this research are drawn as follows:

(1) The concept and basic framework of MM St-Id method based on Bayesian
theory were introduced, the Markov chain-Monte Carlo simulation (MCMC) was
utilized to build FE model libraries.

(2) Since MCMC is not easy to converge and it has low calculation efficiency
when the parameters have high dimensions, three improved MCMC sampling method
for MM St-1d are introduced. The Matlab-Strand7 Application Programming Interface
(API) strategy can be used to update the parameters of large structural FE model
automatically.After the calibrated FE model libraries were established, they can be
used to predict the responses based on the posterior probability distribution of the FE
models.

(3) In order to verify the feasibility and effectiveness of the proposed theory, a
numerical example of a simply-supported beam were researched by the proposed
improved MH sampling method, the TMCMC sampling method, Latin hyper-cube
sampling (LHS) based on Bayesian theory and response prediction, and a simple
model St-Id method -genetic algorithm (GA) was used to compare.

(4) Using a reinforced concrete composite slab test and an on-site large
concrete-steel tubular truss arch bridge and verify that the recognition method based
on Bayesian theory and response prediction by an improved MH sampling method,
TMCMC sampling method, LHS and error threshold method. It proves that they are

effective and scientific in the actual test and engineering application, and a simple
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model St-Id method -genetic algorithm (GA) was used to compare. The results show
that the proposed MM St-Id method is much better in St-Id, structural response

prediction and model selection.
Key Words: Structural identification(St-Id); Multi-model method; Bayesian theory;

Markov chain Monte Carlo simulation (MCMC); Latin hypercube sampling(LHS);

Error threshold method; Steel-concrete composite slab; Large bridge structure
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MR R RG] Stk M R S5, R5 486 5 05 20 B A v sk
A 7 VO A A

2005 4F, Nicoud PN T #f i £ H (¥ DU BS54 1 AL B AR, R T 3
T B KRS BR BB AT R TV o 106 R R X B Y ) B BORE BT, R A K A
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oL [F 2 44 #0572 2K Thomas Bayes 7E 1763 42 H 7 2 & 1) DU Hr (Bayes) & 34,
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Fe, AR — 24t 7 A& N SR 7T R BE-Z A RISEIL(TMCMO) 7%, FFfH
R R 7 — N EEZDRIMSEN 4 JRHERR R .
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M EF 73 A — B 7 J2 ) AR 5 Rk 56 A AR 1 3R AR 45040 RE B B AN e MR AT T e TR e
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2015 4F, Zheng 5P T U1IH it 1 (0 22 40 RS 45 4 AR 5 05 9%, 38 5 HR B0k
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5.8 o
B E
5iRA]
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4 Bzt

1.2 AW ZEREHIR 51T 2 E

(1) MEEEZRAVE AR B Eou@E Mo M 50 2R 8L, 1 2 M KL
gity . M # A AR, T MEACR D SR I B PE . AT RE R AR I A A T SR
PR OLEEAS B, TR E 7 A0 € 1t 2 20 73 A s

(2) @I BB RIE OGBS 4 BT O AE B LA R A, R AHC
Wi 2 46 BR 135 AT R BBORE 43 Bt 328 58 X6 45 o 4 B 52 ) DK R O B8 4k 2 4

(3) SR Bt &5 F B FHAE S I &% #EAT a5, 58 Bish 3h 70 2 1Y
KA TAE;

C4) 95 73 M« 38 L0 254 1) i 3 0 96 208 AT 20 f, RIS K i 3
AR, W. SMmESmZE, R RS WP I . 451 R4,

(5) HlhE LA BR oo Y P 5 AR R ) R 3R R % 30 K56 o A 2R
ET MBS e AREE. HAFEEMERESE, FHEM. M. P
FEJTE (i MCMC iltRE 59555 ) PR Ot e g 57 BoAT AR I i A7 BR o B 2 e,
W K B 5 56 A5 2 0T o8 BsE 1Y Ok B 2 B0 il

(6) 2 Kby o B FRC VP A g 57 A PR oA Y e 2 i, ) PSS A b R 7 45 4
P e 4 SR 22 AN PR G0 52 45 i TR T R4 i F 4 1

14 AXEEMEAR

BT AT N LR A, ST RAAGERAAE R ERKR, T8, %
2 MPANT E N 2R R SE BRI, A B BRI 2 BB SR 7. BT
HIF 22 gt 7 v S A PR o A Y R O E AT 22 A8 45 g TR 1 ) RERIT ARG S A L B
A, HAEMEE RS S BB B e, dhifefEn, HREAFEAEFEAL. NT
RNHIE TR LG 2 1 B 25 A 1 B & M7 5 IRl S A, & FIH Matlab-Strand7
1122 H.5 M . AR (Application Programming Interface, API) X — & 32 %2 ) #{E
SIS UE 7 2T DU i B 1) 2 AR R 7 VR (S0 B MH Sl . TMCMC il

8



hiii 22 18 ST

LTS TR 10 ok, X BV R L A AR IS E T 2 R 2 B Ty vk T
FEVEIR AT XS L, X — R OR BN A VR R AT HER AT T 2 BRI 5T R
BE R A BR o BUE AT 7L, JFiE 8L H I (GA) S5 Bl B R ) 7 V550 7%
Z AR BOR AT TR B A3 #T

AL FERHANEWNT:

(D Z AR 7L 7 1 B Y J7 3 b S 4R — A s A B0 PR o B 1Y (1) SR
M2 8 I 256 2 A G R IR B R Z ML R 22, F B &M AT E R R, £
5200 W B TR A v e Hh o 197 6 45 0 1 R e B TR g T M) R Y R R 5
e 2 50 )RR 28 3 A o ARCSCEANL T Z BB B AE L S S R, R T 2 A
WA TR Bl E X,

(2) BEND TGN S IRF R - R RIS (MCMC) #iFe 7%, #Em
P T = MAT AR MCMC $hFE 735 —Fd i MH A 73, TMCMC
R TR AN R TSI 7 s AE (LHS) i MH 8k, JREd — AN Hi X RE R
B 4], %k HG v X BR ) 9 R T DA A% O i DA A L, R = R AT AR
1) MCMC i #EJ57E (— R s MH J576. TMCMC #hiFE 7576 LHS k) #
SEA R oA B AT 22 45 4 AR il 5 AL #% e . S BF-Aik

(3) ATH&ZET MCMC #ifE 7 &M 2 AR BT L #r, EEGIA
AT — ML Gen] S0 2 BB 7 1h R E WA VL . B R ik 55 i 2 4
BRI 7 30— BN TR b A A OB AL 3R AT T 2 AR R L, E 34 AT A RS
L0 AT 7 m BT A, A SR TR A R e s A R 3 AT A PR oo BE AR
BB IT BRI I 5 1 RE PE AL

(4) N7 5k 2 AR R D7 VRAE KRB R ok a5 ) B @ A, B8l — MR
R R CRIERM) e, 72T —Fdcd i MH #iFE . TMCMC 4l
FEv LHS J5v%. R ZEBEE @A R e FEIF 47 17 28801 51, IR 4E v
PR 1/4 85 AR 5 00 00N JEAT 1WA A #% i B TR 5 VA
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FH 4% G0 () 25 T S 1Y (%) 25 400 ARl B AE 1 Il 22 MR 22 SR TR I AR AE R e, A
BT MR G AL TR, 0 S5 A ) 2 BB g5 ) AR ) (R B AT T BRI R
B E T AT U R 2 A SR RS 5 EAES, JFEA T 5K
BFRBE-ZRF RSB (MCMC) IR FE . 51X MCMC 1E 2 5 4 458 m I AN
WS RE RCRAR TS R A, R H T =M ) MCMC ##F 7 35 R i AT 2 4
R ZE 43R 7 o FIF Matlab-Strand7 F) 28 B.Uj [ £0R CAPD) e 8 i3k 47 K AL 45 1 A R
TR ZHENEE, ERGEREMFEAIFE AR CEMER, fei T
R P H 4l 2R AT W S TR o DA TSR UE & Hh R DT VR W RTAT PR ROME, BE O — AR 1 5
G BUE BT AT TR T UL 3R 1 45 8 R 0 B AT S e R VT AL A — FRAE
25 1) BB R g A R N 7 V- AR SV (GAD #EAT X A, SRR AR SCHR Y
% 15 25 1) AR ) 7 Y R A ST B i AT 45 A o R T

FE SR LR A, 5 AR i 8 ATL A T b 85 38 %) A A v 1) T R R T AR K A b R &
Ry U K AT SE B %, S E AT T 2 BETAR B SRR EAAE T . RE
N HZEAME RS LRGN SR T SR E N FE R mET
LA A 18 4R iR % (aleatory uncertainty) 5 1A %115 % (episdemic uncertainty ) **7>*, fH 4%
WERMARGNEITEAFERNWE, B5 RGN TE XSS E R R
SGH K, WHRR BN ZE/FENLA T E P AFRZE 2 BT X RS Z 2 IR A
1) BE AR BEE B T VR B AR GIARIRE , W BN EWRZE / ATLIR IR ZE .
8 45 KRR SE PR N B, G5 R G AT e R Sk . R &
SRk, TUREE. dEZRtE. AEARRESEEME. UM R R B ARREE RN B SRR R

R R ZEHW, RN RZCTEN R RE e, MERREe, » B RZEH

WA 3 AT Y eLey .60 o RRBUABIN I S K S G R ILRC 5N

wZ e, FONEREMARTERET . WD ITRERBIIAIRE 5 e R R
R RE S EE IR E W AR T IR R S AT E MR SO
= GRUERCRE, BIEONIEISE) . e, il VLRt — D 0 RN ey, Ml e, IS TJ5 T, 20 A 38R
A7 BR 7o AR 2 X SeBRaf i AME S BRI SRR R ERE I S L
FERSTRIIL A IR T e W %I T %, R, MR Ee, BHZEFE
IBUE . TERTARIRFTE T, Robert (4 8 H 47 BROCEMEBTRUSENAE M) 51N 1) % 22
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KZ1H 4%, Smith 2133 47 5 £ Schwandbach Bridge £ # B WF 52 h s T 4% A0 5 11
w2, RGMEAUEIE SRR IE T HBRRE e, 5B, ERF AL REd, 223 18 i s il
3 e, B MR B ABIB AV IE R R o R 22 B8 19 A SAE R E R Frs
Yo = Xneas T Coneas (2.1)
X,=x,+e +e,+e, (2.2)
Hrb, x, 2w M L S28dE , x5 x, 70 0l R ialis il 5 A B oA 4,
oL &5 5
—RROR UL, 5N E M EAR AR L A RIS s A AR
ANBIVE /ARG SR RGN D E A . DL R B AT R AR AL . AR
RIWE 7 A e R e &P (i 2.1 BioaR),  “RERLEE R AT LU IR 45 4
KHEYBEIER, HMH—RIIE BB 7 Hl— D ow s, R
A DA IR SRR ) 6 A« MAORHRR I JUAT AP AE (NS PE R & B, MR L p, SO
MIE K 55)o £E T OB Y e (R i AR v, & AN B il DL i 57 B 0 A 1S, BRT g T A
L BRI 7 AR BRE SRS B R AR Y O ME AR . 2 BT 4 Ry R ) D7 vkl 4%
GO A N EN R ZE BN R 2, RS B HE R R R,
i i B B A RN A PR o A A B TR 25 SR, AR R AR R R A bk o A A 4
FIVERERr AR AL PR, 3R AT 25 A e S TR0 5 10 RE VT At s AH BL SRR Y 1 &5 R i 3
w, ZREFEE T EMARE R R Emw, iR e, BREAMES TR L

WAl s EAREAG

\ 7 T .
i@,f;_\ﬂﬂ
S O \sE_| .
+E H“"“---h_.,__ \‘\ | f—i?ﬂ_
WAe TS mERX 0 Y T
fff(“%ﬁ%ﬁ'ﬁ~ﬁﬂ
e \ | ®A1
WARE g
/ \ \
AR Fr 1 BERIRE 2

B 2.1 HEELRER

KA DU W S 1) 2 B 25 MR A, B R AR T DO R 1 W Ak AT R A
SE R ANHR R SR B RS T o LR R B A U R 22 A BE LR 2 0 S 4L
WE NN AR, RIETEER S M sk, FH R 5% 381G 451
We) B2, FETHRE BRI,  AEICERAE B AE A DU D70 3R S 1E 2 30 )5 B 18 2 OF
HEAT LR B . A 2 58 £ B T Matlab-Strand 758 K (32 B R # A (API) # 57
T A E PR B RE LSRR, AR DU B ge v HE T8 S I AT AR R 7 R e
FEIESHMERME, FmE 7 2> fe R g i g e AU IE B Ay, K4
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o 3 AR o A 2R i ) SC B AN S PE S RGHAT AL TR I R AT BR oA 2 e BE AT 7
BT (1 e N TIN5 5 A PEREVEAY o A FE R B AR AR WK 2.2 fros .

2 77 R LA RTEE
B . B 2RESHATRE
3ERSBHOAREE
L BILRS T
Bl T (MM St-ID):
1373 A9 MH #7#%
2. TMCMC 3,
3.LHS #h#E;
EEREE. 4 BERES
LRI RM E R,
2B A A B R IO A T A
3R AFHR G BT R TR
- ST 5t
BT B R
&2 TR SR SHERIEE
& s G R LT

22 ZRBNAFNFEREE
2.2 DINTHFIR L & Iy

2.2.1 ZERIBIIAHET 2K

i AXEMEL N FERW A, HIEEZE X ¥H Thomas Bayes i
e Nt TiEdE SRR ERE SARE R, 7 CUE 75 8 58 mdE plod .
Wit e 02 Wt i a3, e nT DU & G v 22 T VA HE DL e IR ) 1) . 45
ENRG, WHPHPAFELS N A B, WU A R AT R R (2.3)0M:

P(4,B) _P(B/ A)P(A)
P(B)  P(B)

P(A/B)= oc P(B/ A)P(A) (2.3)

Hd PA/BYFRNEM A KJESMEE, P(B/AFR NIRRT (KIEHE) , PA4)
EFM A BRI, P(B)FR A FAF B &M%, NAKX(2.3)F 7 LLE tH P(4/B)
M HZERE P(A)MY PB)YZ LKA

7E BRI 250 15 50 M 2 8 R R o 10,

p(D/0)p(9)

w0/ oypoyae” TP OO &4

p(H/D)=J-

X, p(O) AT ESE 0 el A Bl % % R D, p(D/6)NFE 6
2 e IR AR RE R O A, PR N AUIR BR A
ORI DU 2 s\ B 2 B AR b AR 45 € M BE LR SER A M
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X RER ) S HE & 0 ML S M i B D, B — AN R M, 1) 585
AT BRI 25 R 1) SR AR 0 A po/ M) p(D /M o)« JIFE 25 5E 1 Han H v
T, SHTEMNE 000=(5,..,6,), n NEIESHHANED K5 %R N,
pO/M)p(DIM,.0) _ p(@/M,)p(DIM,,0)
jp(e/M,)p(D/M,.,e)de P(D/M,)
Hor, SRR po/m)=T], pCs/Mp KBTI AR I LM A . 2T
B D, BRGEMEIE M SR 015 R M5

p(0/D,M)= o« p(@/M)p(D/IM,,0) (2.5)

_wp(0/M)p(D/M,0) 5 6
p(@/D,M)=3 DI P(M /M) (2.6)

Hrp, K@2.60)F 0 B p(D/ M) FRAFE VU7 87, 8 AT A Dy 5 ey HY o S 1 38 %
M AT X T4 E BN M, X2 —DER W BRI
RT3 0] 8 5 SR 4% PR e 2 A, T DL B 4 A8 o 2 R 73104,

p(D/ M= [[p(D/ M,,0)p(0] M,)dO1P(M, | M) 2.7)

222 EFHASHHNHHARMES

FEHAT LR TS MR RE BN, BIESHmE 0 2 AR T s E .
MOBFERE . SCRENIRESE Rk £ . HARI 0 Al R R A, HIXES 85 W
W B R S, AT KBRS T R, AR DL S AR SR 28 A AR L R T S e B T,

m(6)=1 (6 €la.b;i=12:m) (2.8)

Xty av bR RZEN B TIRE: m ARBIES BN,

ARG R ARG, BEMFEEMESHMEN 0, BB HZE Yo"
AN BR TG A2 ) T S BUAE Y(O) 75 & F 51 28 1tk 4 AL

YO =Y(0)" +¢ (2.9)
e~N(0, cov) (2.10)

Hr, v 2Ll m &, v0)" 2&A RIoH 8l m & e Kallili 2z m &,
FFH—BMEN 0, 7 ZHFEN cov [ IE S 53 A0 KRB .

MNARFHEEA N, AR, B M PIESEIEN: v ={wh);n=1.,N},
HApE o MOBEBEBERIECR: YoM =wm)=1f,nf @@, 1> [, G
n NMRGHEMEE m ARSI E, ¢, 2% o PREREKE m PrivgBESRE,
m A AR AL S B A

B ERGIN N A g, R Q2.6)RMW\[AELE TEESHNIFEIES
& 0[5 5 Hg 210

p(@/D,M)=c-P(D/0,M)P(O/M) (2.11)

Hp@/DM)ZGEREZH D THREBIESH 0 )5 5N 2% 1 3L,
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P(D/O,.M) 725 EAFAE IE S B 0 56 AT NS S B0 2 1 3 8 B s B (VR s 20
P(H/M)%%@E%%i&lﬂ‘]%%%%ﬁ c 9 VUM 37 R B A A 1 — A 58 B 20 H R

T A5 A BT AR A % B R S R O AN SR Y, HAS A RG] A S
ib Fﬁu/ﬁ\uﬁj‘ BN

p(D/O,M)= Hp(‘P,- /6)= Hp(ﬁ /0)p(p,/6) (2.12)
Ho sy i MR M RS m MRS E R, O
p(f;/ 9)=]j[p(ﬁj/ 0) (2.13)
L
plg,/0)= Hp((p,/ 0) (2.14)
KR (2.13) 5 R Q21N R (Q2.11)75 B B 5% 1 08 H0R -
p(D/@,M)sz(‘PJH)zHHp(fa/G)p(@//ﬁ) (2.15)

F 0 TH R R B 2R 1 (B VAR, S MRS AT £ 2R 1 AL T BA R s N,

fE@=r"O)+e, (2.16)

e, e INFRZ T UL —DNME A 0, 77 72 09 cov, 1EZS 73 Afi RAKAY , o cov,
— PO FE. W

p(f10,M)=Qrcov, )" exp{-[f(0)" - f(0)"T cov, ' [f(O)" - f(O"]} (2.17)

M, BRSGMBESIRE o M2,
0" (0)= 9" (0)+e, (2.18)

plp!0,.M)=C2rcov,) " exp{-~[p(0)" —p(0)"] cov, '[p(0)" —@(®)"]}  (2.19)

Bk, KBi@2.16), (2.17), 2.18)KQANRANBXQ.1DHH B FFES MG
6 1k =R bR RO 1O

p(0/D,M)=c-P(D/0,M)P(O/M)=c- exp(—%](&)) (2.20)
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J(O)=Y [y =3O cov(z,) [ - »(0)']

- ii[ff SO cov, 'L~ FO 1+ ~p0)"T cov, g ~p(6)"]

_ZZ(f f )/COV ((Pj (0(19)5)2/00% (2.21)
TS 10)) [ ramac(e), o, CHts AR

o, iy j o ERoR RGBT I MBS E, ¢ 5 0 LRI ERY
WHHE T, [ o MR EEMFEMRY, Btz E. M 50 RARESNNES
BTG, 7 NS cov 3R 158 25 W ik A R0 ASE 78 Y008 2 18] 1 P 7 22
Lo, A @ MBS MM RSN E, MAC WS EGER T
(Modal Assurance Criterion , MAC) , AR AR oS TERSICEAZRE (W
X(2.22)) : MACHBEIE T 1, MIRA A &EIAH S REBR.

i AE(?(Q)jWJ)WT%E]Z T _E (2.22)
T [@@)]) e0)] l(e)) @)

O M@ AT j B CAIRIE) KRB B S IR 1 5 IR R %

AR R IRA MR,
KA e KA B W (MAP), AR 52 2 KA & 0 1) 5 56 82 50 $0(2.20) 0k 7
Rt o, 16145 p(0/D,M) i K. WRAEFERH AP, ZEQ2D)&A, BIR

iR 6=01813 J(0) /N K (2.20)F, BB H RN T ¢ 5 R B 5565 i (1 K,

B MR OV ARILPENIR & 0 AT, BUB IS M & o 4E RO I (3 SO 2 )
TRBME IO , WREELKR, ARRMHBUER 2 80 LN 7K, R
o, J(0) NE RBR MR O &, A& 04BN, J0) TRRERERX,
JRS AT R 2 HARHEE 0. DI, TSt B SR AW xR, T Eaw

1 B0 0 R 7 7 B AR I AR SR A 5 0 ) 36 3 A 100,

2.3 SR ERERFRTZEUFEZMCMCO)

SR RIEBAL (Monte Carlo, MC) J5ik, MERBENLIHFE B S HI vk, 2
M A 20 DO - AR A R R T SRR ) — A o OO, SRR R R B T ik
i F s B R LA R AR AR, A BRSO B R DR A
JFEA, R R AR B A Bt RE 8 I A UL SIS ) & 5 R ) ) A O T R
. B, ZERFRIEETTEYHRERKER R eBE M HIEEA, REHHH
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DU S BEAR £ VA G I MR IE e A PR B . (Ha2, T MC J7 ik HhiFe
ROBEAN T, AR 4 1 M AQ R ) AT E Y 18], T2 B A 5 7K R K 4 -
SR RIS AL (Markov chain Monte Carlo, MCMC) #1#f J7 12 HUAR

HAr, HTRQ2DHFRBIESHInE 0@ &4 LR, J0)E T LR RKIE
X ERAsAMAER. maE. ERHERIER, MU H MC B0 & T 587 57
KAE, TR E MCMC 773 & HATA J7 @k i B A58 . MCMC i F 22 —
Aol Sl 0 R RE D7 025 A AR KD S R v R T A2 M R R 5 O R ) Ok 5 s
G B AR R E MR R PR B I . B T MC J7 ik, AT
PR LA, RORuD> Tk EE RS R, EARYE B — A (S ED
A 32 55 7Y 1) 22 A ) DR e e A TR T e 32, W 2 MO T R B Ol S JR B R B
M $ v 1A R P ) Joit 5 P S ol ek 2

MCMC J7 A B A LR Sy sl BE LA (SHF RSB, MC) 3REL
H A5 J5 56 70 A 1 B R BHRBE, SR 5 2k T I S e 0k AR A AR W) T Gt HE . 4
W MCMC B3R B H Fr MR 0 AT B RE A Jo Al A K0 BER AL i — R 51 45
1B 1IE S B B R AE R EEJ7 245 ) o MCMC HF 5 BT b i B 5 7242 Gibbs il
F£ 55 Metropolis-Hastings (MH) i £

2.3.1 Gibbs #f

Gibbs i 2 5 72 5 B 1 MCMC 75317, & W12 i Geman fl Gemans #2
HH . Gibbs AL AT — IRIMFE T Z AT 0o DB IR, ERP P REDERE 1 NS EG
O 75 ZE 4 B A o0 S HOEAT i AE, FEA R B R AIE IR T %, H 2B B SUN
PR A HEAKHAE DS RE: EAAEDHEE KN TS BN &
0" =[60",...0" )5, BWH i KIERKEERZ 60 =10",..,0°], WEGHDXRAMFED T
AT

L. %A 53 p(6,165.....00 AL O 4

2. &M A p0, /16,00 hE 0 5 .

3 B A A p(o, 162,...,09 iE O

R EHE, HE UL BB, BRI ARSI ide =0",....0], NI
FFAI[6",...,0 13k & Gibbs 1l #F 1) B /R Bl K4k
2.3.2 MH 4

Metropolis-Hastings (MH) %1% 4] 1 Metropolis!®*/#2 i, 2 J& B Hastings!®”]
I CAHE T By T2 R B8 0 — AL 1 MCMC J57% . MH Sy & 26 e A0 10 »
Al A p M q R, b p & FF2 501 (Stationary Distribution, tF8 8 H #5401 ),
EARNH NRES I G RMZE 7M. g NFEIL A (Proposal Function, HFRA
R An . @A), AT R A, Ay T R IR AR B

16



hiii 22 18 ST

KO HERER AT, B WX M. g TR R, ENEEE TR &
HMEHBREG AR A, @ETBNETESS Mm%, AR g
SR BIAF R ZEZ R R, FIIEFER WM MH B h 20 EEZ—5,

FrifE MH 5035 59 B AR T 5 5 7 oA P

(1) B 2 ik 38 L A5 4 38 T 3L T /R B R B (0 30 M0 0, 8 3 0 4 K 8 43 A
p(6,)>0;

(2) GIRBFREE N — NFEARMEACH R T U F A, S H e LRI xK
(5 REGRAS BN R I W1 q(0/6,) CERYEE S RE Lk K
RS B FEFE RN s 38 5 3 2 R PR A, AT DA L P Rl m) T H bR S 5 0 A
BIE SRR R A, AR AR SO BOH 2 DL IRBE X T RE AR E A B
B, AR ARNIRMEZE AREENSIES S , e IMRIERELR . ;

GV TEEFEA 0, 1k REBA M, k4R R (2.23)1F 53 W 2% ok %1052,

a(6.,,0.) = min(1, 20/ D-M)4(6. 16,
p6._,/D,M, )q0._/6,)
_min(, 2O/ DM,) |
p6_,/D,M,_)

(4) RIEEODII A EENE v, M a@,.0)2ull, BEZEIES,
Bl O=0., RGN PIRQ)FBEHIENR; Ma@.,,0)<ult, HLEIES, Hlo=0,
(Metropolis #EN])

(S)E BT Q)FN S B (4), B E— KIS0 DR B I R %o R
FFHD 2 {6,,6,...6, } G NG REEMPIERRED , DI/RABHREE 1S 5 &R AR
RFHE — DR
2.3.3 MCMC HERNB RS MAFER

R LT, MCMC J7 7500 H 300 48 vk 2245 ) 2 DU B gfE s T B
KIITTTER, A0 U7 5 o8 A BERAR & [ I SE . MCMC J7 6 Sk & — Fh 3 & I 2255 R
ISR, HC A o A B S R OO R B HEAT T AN I B2 G M) o FEAE I MCMC
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WP EIRERATLIE W BRSO, %% oo AR R 45 R AR 1
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3 3000 AR 7 451200 g 7 A R 6 BT e . 141 50 U B0 1 A e b B MU
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K T 1 BIER % T4 2 BIER %
S 16 oy A “HH”
ZH TMCMC (%) TMCMC (%)
E, N(1, 0.2) 1.0E, 1.02E, 2.00 1.03E, 3.00
Ey N(1, 0.2) 0.70E, 0.72E, 2.86 0.73E, 4.29
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AN LHS 1) MH il # 1) 2 85 R S5 47 R5) T3 VR0 Er~Eg 1K )\ R S Hdt AT 1
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219 BMEFM TR ZXRERTRENEHIREN TR SH
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U kmam cms

ZH LHS (%) LHS (%)
Ey N(1, 0.2) 1.0E, 1.00E, 0 1.03E, 3.00
E N(1, 0.2) 0.70E¢ 0.71E¢ 2.86 0.69E) -1.43
E; N(1, 0.2) 1.0E, 0.99E, -1.00 0.99E, -1.00
E4 N(1, 0.2) 1.0E, 1.00E, 0.00 0.99E) -1.00
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e HPBEREE XN: BIERZE= (LM H /A 2 AR R 45 1. CHJsZfy” )/
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0.7, BRMEI 0.07, WSKEB U 2.20 Fros, T #5540 0 M5 15 0L H A% o 4%
oW Sl £, b R 2R DU MR A TP R I H b el Bl Sl 2k o FLARR TR 25 R LR
2.5-2.6, JF5 RGN EE RBEAT TS, SRR ETOL 1 MRS
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} — T LJEME 7 GARE
“ LA GAR
m
ey
1
%
i
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Fz25 IR 1 EEFEBATHRGE RS ERNANE GABEZXZER

K24 “HAME” dudny MH TMCMC LHS GA BIERZE (%)
E 1.0E, 0.98E, 1.02E, 1.00E,  1.02E, 2
E, 0.70E, 0.70E, 0.72E, 0.71E,  0.71E, 1.42
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E: HPBIEREE AN BIEiRZE= (GARMEER- “EHS2l” ) / “HSEZH” x100%
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F26 TRA2IEZFTHTHRGEXRNZERIRINSE GA BEER

Kz “HESE” oo ry MH TMCMC LHS GA BIERZE (%)
E; 1.0Ey 1.02E, 1.03E, 1.03E, 1.03E, 3
E, 0.70E, 0.69E, 0.73E, 0.69E,  0.68E, -2.86
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Eg 1.0E, 1.00E, 1.02E, 1.02E,  0.97E, -3

E: HPBIEFERZEE LA BIEiRZE= (GA RN E- “HSZE” )/ “HLMH” x100%

n B, D00 1 JEME S BIAR RN, A 2 R R A5 U 25 RO 2 1
WEE 3%UN, BAYEG “HE” , AL G H R 45 R AR E A
Ko VLW % 2 AR R T vk e AU AR AU 20 A g T P R AT B AR B ROR . SRR
BAPERFAT VR, R MBI R ARG 2B 0E, MAELL 2 AMRAETIRT, #
Bk (GAY HHZRH, VLW 2 B AU 7 i DU i 11 g 77 58 5k
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HRICHETR NG . 7E W S RAE R G 4% (3/4 BT H ) o 6# (5/6 BT
R SRR N 20kN AR, g B SC I 1 MRS T 2 AR N =R
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W2, BREA RN E R R, A2 % A R AR AS ok ) BB VS B N AT
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A IR AE A VR IR 5 0 SRAGE e A F1 00 A A S B 8 30 0 DX AL 1) LV
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RREAR A WA BRICA R P, P DA G ASE R 2 g 7t AR A ™ 7 5 2R AR

ASSORE — BN - kR S AREAT SRR A M, A Strand7 L T = FP
A3 BR o B AR R B 1 5 R A2 A 2SR A R 22 B E 2E AT A PR o R A ) B ik
i 3 A [ 25 18 i Bl 70 HOH B R ZE AR E MR RUR, B 2 R 2 R Y B O UG R I AT
B AN S 7 R S B R R 2, Gl AR AT RR RS (SR T 490kND n#L,
56 R TR LT PP AL AT BEAE R B TR E R S N 7 RIEITE, SCHE A TN
REE LRSI 5ARTTEMR (ZRMEREIT) , BEMMHIRE REEET 2
RV, 5 ) A SCE T DL S B ) = R T vk S AR SR (GAD BEAT
Xt EES IR, PR A R % TR 45 A AN 28 A R AL o 8k 9 T rR R AT 0 e T
PEREVEAG, B £ =P RERE R B 23 550 A H 2% AN IR D5 VA AR BRI B () AT
MU 6, B 52 B BE W TS TR R 1t UL 12 B - T U s L AP S o 8 A P B AR Y

3.3 I EE E AT

AARIE T GO — PN - B L H AR, 2RISR 3 R Q235 T AN ZEE A
TG, AE EEREE R C50 YR &t T TR BT B A RS o AR A R 2.05 m, K EE N 4.0m,
T A B 2 60 mm,  E R Y A AT B XUZE XU B4R DY 6 mm (K] HPB300 4 /5, 4
WY EIEE A 150 mm, A (A (8] BE 2 80 mm. 8 R K 5% b AR T FE 45 W (8RR I I A
7t B BA (www.hnutest.com) - 2015 4E [8] %t iZ% 4L & AT T R G 5h /it 6B,

BN TR 1 A A iR R R B SR UG RS TR AT T MIMO (2 5 A £ Fa )
fik b4 o2, Multiple Input Multiple Output) # 77 R Y, 38 i 5h 779035 3K 45 12
8 AR 1) 7 Bk e A H0 T RE e NAS S, XS B I8UE 5 AT A B AR e R SR AR S A i
I ) B3 e . 2K 2 (Frequency Response Function, FRF) . {36 HE 5 Wil 3.4 Fr
N, RIS A AR A A RN T S P T A B A an ] 3.5 .
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£31 W-BERTEAMMESIHRIMER (Hz) °°

s 1 2 3 4 5 6 7 8

S N A

(Hz)

24.78 31.26 56.77 61.80 82.68 109.36 120.01 127.61

3.4 ARTERENET

RREALAZ T — AN 25 2L AT 2 2 61 8 — AN AR % 1E 1 i S Bt 25 1 A5 PR oo 155 204 1)
AR TERE A BR O AL . AN - VR W - 25 4 R OA R B AN () SRR A2 g,
RIS, AR UINIEE . ARG ERE T ZAREH R N TIRE— A
B AN AT SE A PR G, 75 S o 2R T F T AN R RVR % AR @ BT, DL = Rl AR R
JC 7 S =R R C WA I A, SR E R TR (o) BEAL, =RE R
RERERL )50 0 -FERE AL, GRS B AN FE s R AL B (n i 3.6 BT

T 50 PR RY B A AUTE T BT FH I 5 00 B0 0 LU AsE T B, I8 AT IR AR, X TR Y 4
oy T AT S AT DL 35 M2 v A 2 BT IR AT Tl s - S R AR Y R 0 o ARBR A A AR
I 5, SR 1T AR % SR P 2 B e {of R -V % AR 1) TR O 1 O R R o A DL s s R
- SR AR Y RT DL f KRR B S B 5 K T SR IO, FLUARE BB 38 AT ) B R] A 0T Sk 136 B
Koo SR R G RE A AL R 1) S 3 SR R R B

T R, - TR e R R AR SRS, KN R R — R I S TR TR e
PN B o AT B AR, AR F S5 R0 R IR U 5 SR S A i e A L R e+
BRI 5 S AR B E.=3.51 X 10*MPa, WAFAEL 4.=0.2, %F p.=2450kg/m’; 4HE
HAR A B SR E=2.0 X 10°MPa, JHFAEL 4,=0.25, HJF p=7850kg/m’.
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RUGER R . A R JC @B B E tEEL: R B LB & £,=3.51x10* MPa , %
FE p,=2450kg/m® , S JiE 355 ik 1) W B K, =100kN/ mm , DA K 3 332 4 3 55 b 1 ()]
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TR A AR S NSRS g R, kR EL oy Kis
Ko fE N RS A BB Jr>) AT R B S 0R Al e N il . B, ps Ko
Ko 73 ) 2 s TRk L AR EAL SRR L AR AL R L A A A ) SRR B o g I B2
FFR A B A S A g W B . R AR T BT R i DU R 2 AR B 7k S R
R J7 %, - EE L H AR CRMEA R, 25T DL 7 2R (0 2 48 84 11 ) 7
VR DA FE- SR BB g ], HoR P RAD 247 R 0 .

3.5.1 REBMEE

9T B E R T DL B R 1) 2 A AR O VR I R, R AN - TR B A A R
BEAT T BT 3 7756 R AT 0 A0 A8 R R s AT 2 AL . X TR ) B ok
U, REMEEELE THEBEERESHROCONTRE, H 5% RAEXR
G—FIE ERPMIRERN LG ERE WM. T3 BERE, RERNEFEZETAH
BRICAN T« A R ARG P L ) g e R AT B R M AR 2 R Y, S DL — A
6% 1) &7 5 A SR 5 FE - A A PR 7 43 BT 10 4% 22 2 Wi R0 2R 075 328 1) 5% 22 IR(EL AN 1 e R
WA R W5 3.2, Hov s m 2 ATt o Ho, g0 TR %k LA SRR E EEN(.2,
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1L G5 5 SRVERLE E I p SCEERIEE K EZAFNIE Ko
1# 1.14 0.82 1.11 0.84
24 1.21 0.86 1.14 1.20
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St 1.26 1.09 1.12 1.19
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10# 1.25 1.12 0.91 1.1
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