5 6 45475 1 1112008 4 3 ] IR R
1672-6553,/2008/06(1)/066-7 JOURNAL OF DYNAMICS AND CONTROL

(L PEIE T R AT 24 5 AR B, T 4e 710072) (2. R T Tl 3 a4 M 0 A [ K FE R Se 0 &, ik

BREMZHMTERINNEFARSEE"

#HE NFR FHa

116024)

W' B U B R R AR IR Sh o3 T R e A D ey i U I 7 R 5, AR5 KRS AR AR 2 R
R FIESIARERE T R AR S0 TR 18] GlBE B AR 5 UITE 3%/ A 3% AL, 753 31 1 47 21
KGR0 A% 3. 54T Runge-Kutta J7 3% KA 2R A 40 AR 70 A L , 07 L1 8 B A SR AN Y
P TR RE AR KA SR P R T RRA M RRE M TR AR A B L KA, DI AT

Vol. 6 No. 1
Mar. 2008

RPN A (7 B[R], 38 T SR,
KR AU, BRREH, WRERTARL,
BUYTT

51

i

UTAFER , B vy 18R e 1) L B R B R )
K& AR B A AR TR IR 5 E SO P 24k
S — A E R TR, A 3 e 5 A A i A
SCHb ST R4 ) (4 R Bl 28, X SR 4 # Py it
St A A EE A S E L

T AR Y e A R ) R 2R A DR 22 00 O
SR RBUARUME I T a7 o7 B ST
T2 R A2 ] KA AR P 18 365 K i 1 28 B 7
ATFHBRITH &, LR TRMBS L B
A2 B TT T A 35 M4 AR SRR
AR BN R G RO EE AL R W S KR & RS A AR
o BARS] BEE 5 L3k v IR e A AR T
U5 R L I BE 25 M B By BRI S
R G 2T 2 SR U 2 RS Bl ey 2R
VEHET B LA JUAT S BERE A4 e 8 AR AR 2, AT
A B g e AR ) 3K — 4 H Bl g 2 306 ] ) B 5 4
BT AL
1 HAHFRE

B LB, sl 52 i 2 A AL Bernoulli-
Euler 22 (A% IEBTUIALIE 556 Sh R A0 | 45
W (B oW 2R T 2 5100 A (PR EEB
WAL p o4 R0, BB E] A2 A fmr 28 (¢) RA2JE e

2007-04-16 YL 245 1 F5,2007-05-31 U BE .

FRIABUY,

%oz, Runge-Kutta ik, X540

AR NZE T A A2 B, BE )iz Bl 2 /N TE BILE 78
SR P, HLai 38 IR S o T R nT TR SN

f@ \L

K1 ARZR DT EA i S5

Fig. 1 A simply supported beam subjected to a moving force
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Table 1  The error between Runge-Kutta and analytical solution with variable time step( time)
method 1 3 5 7 11 13 15 17 19
step 0.05  0.07762 0.2153 0.33249 0.43222 0.51709 0.58931 0.65076 0.70304 0.74751 0.78535

step 0.01  5.9542e-005 0.00020039 0.00032996 0.00044845 0.00055603 0.00065283 0.00073898 0.00081459 0.00087974  0.0009345
step 0.0001 6.3197e-015 1.0045¢-013 3.0369¢-013 6.1675e-013 1.0385¢-012 1.5732¢-012 2.2165¢-012 2.9753e-012 3.8512¢-012 4.8387¢-012
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Table 2 The error between SPIM and analytical solution with variable time step ( time)
method 1 3 5 7 11 13 15 17 19
step 0.05  1.7555e-016 3.5125e¢-016 3.5155e-016 5.2801e-016 3.5261e-016 3.5337¢-016 1.7714e-016 5.3303e-016 3.5658e-016 0
step 0.01  1.7555e-016 0 3.5155e-016 5.2801e-016 8.8152e-016 7.0674e-016 1.5943e-015 1.2437e-015 1.248e-015 1.4319e-015

step 0.0001 1.4395e-014 4.619e-014  7.7693e-014 1.0895e-013 1.3999e-013 1.6997e-013 2.0265e-013 2.3347e-013 2.6726e-013 2.9873e-013
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Fig.3 The response curve for the simply supported beam model
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Table 3 The identified error comparison between SPIM and PIM ( time, error)

method 8 16 24 32 40 56 64 72 80 88 96
PIM 3.4132 1.9194 1.0376  0.43675 2.6772 0.44556 0.50217 1.1992  8.9432 1.1544  2.0648  0.8045
SPIM  3.4069 1.9076 1.0083  0.41792 2.7172  0.44607 0.49406 1.1858  7.4757 1.0622 2.143 1.3855
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AN IMPROVED SYMPLECTIC PRECISE INTEGRATION METHOD FOR
MOVING LOAD IDENTIFICATION OF BRIDGE STRUCTURE *

Hou Xiuhui' Deng Zichen'” Huang Lixin'
(1. School of Mechanics, Civil Engineering &Architecture, Northwestern Polythechnical University, Xi' an 710072, China)
(2. State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116024 ,China)

Abstract Firstly, the generalized Hamilton’ s principle was used to establish a model for bridge structure,
which was discretized and transferred into Hamiltonian system to get the canonical equations. Secondly, the idea
of PIM( precise integration method) was introduced into the Symplectic geometric algorithm to establish a Sym-
plectic PIM( SPIM). This new algorithm was then applied to deal with moving force identification for bridge struc-
ture, from which the vibration equation was sine/cosine transformed to get the SPIM format. Compared with
Runge-Kutta method and the PIM format for load identification, two numerical results display the long-term stabil-
ity properties and the high precision of the SPIM, whose results could not be affected by the time-step . As a re-

sult, the time-step can be enlarged to speed up the computation.

Key words load identification, bridge structure, Hamiltonian system, symplectic precise integration,

moving load, Runge-Kutta method, precise integration method
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