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Fig. 8 Loading test of aluminum alloy beam
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Tab.2 Mean value and coefficient of variation of test beam nodal
deflection at F=30 N

Rt 25

Node 2 3 4 5 6
number

¥l

Mean — —4.48x107 -1.24x10° -1.52x10° -1.17x10° -4.33x10°¢
value/m
Coefficient
of variation

FIH HSMUMB J5 36 4 AT 1E |, 75 31 (1 IX 5
BIEH TG HE N 9 iR . KA 2 948 15 X T 1)
(EAR [ 28 20T 45 BUE E J5 3 50 3245 S S (A Oy
ZEAE L AT S BE G T HE IR 10 TR .

0.018 4 0.0251 0.0412 0.027 3 0.020 1
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Fig. 9 Statistics value of element updating factors

0.4

0.3

0.2

0.1

0.20

-3.30

—6.60

-9.90

-1.32

721

5.4

3.6

Fig.

[ HSMUMB

L L L

r [ Wil Predicted value

1 2 3

H.IG4%*5 Element number

(a) BIEHTHH

(a) Mean value of updating factors

1 2 3
HIG4% S Element number

(b) EIEH T35 2%

(b) Mean square error of updating factors

4

[ HSMUMB

4

5

5

9 HBATBEEFHITE

{ — e SZfH Measured value /°

— %- = HSMUMB
\
\
\
Y
\
\
t
.
XN
<7
2 3 4

1 #5455 Node number

(a) BEEERIME

(a) Mean value of deflections

(b) Mean square error of deflections
E10 TREEFITE

10 Statistics value of nodal deflections

1 #5445 Node number

(b) BEEETr 2

— %- - HSMUMB
— o— Sll{E Measured value
2
/.')\§
R
//'
/ '
4
Vs
s
1 1 1
2 3 4 5

B IEZ S B IESS KT A, 6,=8.07,0 =
8. 24, ZERALRIA T ABIE G HRIAY 25 A B R (e Ay
Ty 22 5 5L A 5 R HALRIF— B B IE B 5 52
BRUTI Y 25 FART , B6E T HSMUMB J7 A A 2b

4 Hig

b 3 P A S RS 091 A 2 8
TRARRE IR 4hE

1) FE AR UG T Fp ik 70 1] A 320 57 240 SRS ) 52 )
AT 20

2)BEXNZIRNE , BT LA BT, A SR T — Pk
T REALA BRIT 7 s Y BR 21 11 S 29 R R
BIETTIE o R SRR 1R 25 75 8 BE L L &
IS T B B A AR BEHLA FROCEUMEIE T R . A
P B SRTT A AR A 1 el BE TR B i ol T
PTEI A T BERUSERYAE TE 5 R o 2 g 64 1 B

3 ) A8 R T 2 A B A R W T iR AR AL 57 R A
BRI REA B B IERCR .

4) A R ER N BEL R Ik AT kB

5 % 3Lk (References)

(1] S, R BT AT BRI AL 1E (Y - AR S5 R340 U0 O
[J]. TH:J1%:,2021,38(3): 1-16.

WENG Shun, ZHU Hongping. Damage identification of civil struc-
tures based on finite element model updating [J]. Engineering
Mechanics,2021,38(3):1-16. (In Chinese)

[2] ZAPICO J L,GONZALEZ M P,FRISWELL M I, et al. Finite ele-
ment model updating of a small scale bridge[J]. Journal of Sound
and Vibration,2003,268(5):993-1012.

[3] FRISWELL M I, MOTTERSHEAD J E, AHMADIAN H. Finite-
element model updating using experimental test data: parametriza-
tion and regularization[J ]. Philosophical Transactions of the Royal
Society of London Series A : Mathematical, Physical and Engineer-
ing Sciences,2001,359(1778) :169-186.

[4] PARKY S,KIM S,KIM N, et al. Evaluation of bridge support con-
dition using bridge responses [J]. Structural Health Monitoring,
2019,18(3):767-777.

[5] PARK Y S,KIM S, KIM N, et al. Finite element model updating
considering boundary conditions using neural networks [J]. Engi-
neering Structures,2017,150:511-519.

[6] KIM SH,PARKY S,KIM N G, et al. Finite element model updat-
ing of simple beam considering boundary conditions[J] Journal of
the Korea Institute for Structural Maintenance and Inspection,
2018,22(2):76-82.

(7] B0, WAk, AR . 30 S 2SR BN G 1Y 45 40 HR S Re A 1
(V] R 2241, 2002, 19(4) : 427-430.

HUANG Bin, CHANG Xiaolin, QU Weilian. Vibration eigenvalues
of structures with uncertain boundary restrict stiffness[J]. Chinese
Journal of Computational Mechanics, 2002, 19 (4) : 427-430. (In



146 HL Ui

5k

53 2025 4%

[10]

[12]

Chinese)

TRAC T, R L RS RS SR S AT RIS oe ik [T
T 244, 2003,20(1) : 90-94.

ZHANG Feier, YU Zhitao. Reliability analysis of structural
strength for fuzzy stochastic boundary element method [J]. Chi-
nese Journal of Computational Mechanics, 2003, 20 (1) : 90-94.
(In Chinese)

KB ARG . EICI TR BB R N (SRS 30 S R AR A
BIRTESAE T ], 3T J1242441, 2004,21(6) : 740-745.

CAI Yongchang, ZHU Hehua. Direct imposition of essential bound-
ary and material discontinuity conditions in the meshless method
[J]. Chinese Journal of Computational Mechanics, 2004, 21 (6) :
740-745. (In Chinese)

YO R AR R R SE A LIRS B IEAT R A5 29T
PRZEAELT]. TR J127,2013,30(1) :288-294.

LI Yingchao, ZHANG Min, LI Huajun. Model updating for con-
straint boundary conditions of member structures using incomplete
measured modes [J]. Engineering Mechanics, 2013, 30 (1) : 288-
294. (In Chinese)

WANG S Q. Model updating and parameters estimation incorporat-
ing flexible joints and boundary conditions[J]. Inverse Problems in
Science and Engineering,2014,22(5) :727-745.

SHI Z, HONG Y, YANG S L. Updating boundary conditions for

bridge structures using modal parameters [J]. Engineering Struc-

[16]

tures,2019,196:109346.

ARrmAe, e Bt PR 5 IR R AR B R A FROC
BERMEIEWFE (0], JRaE B2 5 TR 2R, 2019, 16(5) £ 1223-
1230.

ZOU Xiangnong, LONG Junxian, YANG Degao, et al. Finite ele-
ment model updating for a suspension bridge considering the
boundary constraint conditions[J]. Journal of Railway Science and
Engineering,2019,16(5) :1223-1230. (In Chinese)
NS 22 A, A L 2 B AR AN M B AL BRI
RERMEIELT]. JR3) MK 512 W, 2018,38(1):92-96.

QIN Xianrong, HAO Ruolan, XU lJian, et al. Finite element model
updating of a tower crane including boundary condition uncertainty
[J]. Journal of Vibration, Measurement & Diagnosis,2018,38(1):
92-96. (In Chinese)

BRIGEAY, A sk b i, 55 . — PR Tl i S B e i i i
PRSI E ] PUAE Tl 241, 2014,32(5) : 707-712.
WU Xiaojing, XIAO Hua, ZHANG Weiwei, et al. Optimization
method for uncertain boundary constraint of structure dynamical
model based on test modal parameter[J]. Journal of Northwestern
Polytechnical University,2014,32(5):707-712. (In Chinese)
ZHANG H,HUANG B, LIU Y H, et al. A new stochastic residual
error based homotopy approach for stability analysis of structures
with large fluctuation of random parameters[J ]. International Jour-

nal for Numerical Methods in Engineering,2023,124(1) :183-216.

Boundary constraint static model modification of beam structure based on

homotopy stochastic finite element method
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Abstract: Considering the uncertainty associated with structural boundary conditions, a method for modifying the

boundary constraint static model of beam structures was proposed based on the homotopy stochastic finite element method.

The overall modification of both the beam body elements and boundary elements was achieved using uncertain static

measurement data. By employing the static condensation method, computational degrees of freedom were ensured to match

measured degrees of freedom. Regularization methods were applied to mitigate ill-conditioned solutions in modification

equations for stochastic models. The probabilistic residual minimization method enables optimal selection of homotopy

coefficients, ensured accurate identification of boundary constraints and precise overall modification. Finally, simulations on

variable-section concrete beams and static loading tests on aluminum alloy beams were conducted to verify the effectiveness of

this approach.

Key words: Homotopy stochastic finite element; Boundary constraint; Model modification; Static measurement error;

Static condensation
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