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Fig.3 Curve strip element and the number of the line(cm) Fig.4  Sketch of thin-walled curve box
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Tab. 1 True values of material constants and Poisson’ s ratio and the widths of the box

parameter’ s name E e Eoiue E3ie s d dy ds
unit N/cem? N/cm? N/cem? cm cm cm
value 3.00x10°  2.50x10°  3.50x10° 0.167 0.40 0.45 0.50

R2 BERMBEIME U MIREZ oy (em)

Tab. 2 Expectations U and standard variances o ; of the measured displacements/cm

selected displacement expectations U displacement expectations o,

points U, U, Us U, Us Ty, Ty, Ty, oy, o
1 0.847 0.842 0.851 0.852 0.845 0.151 0.148 0.153 0.155 0.149
2 0.683 0.678 0.677 0.680 0.686 0.124 0.127 0.119 0.120 0.122
3 0.562 0.561 0.558 0.560 0.566 0.103 0.101 0.107 0.103 0.104
4 0.563 0.566 0.567 0.558 0.560 0.102 0. 100 0.097 0.105 0.099
5 0.593 0.598 0.589 0.590 0.595 0.109 0.112 0.115 0.105 0.113
6 0.561 0.566 0.557 0.559 0.562 0.103 0.101 0. 106 0.099 0.104

TR 1 SR A5 B o i RE 25 A AR F B0 Powell R A 5T, RV E, =
[300.0, 250.0, 350.01". 4 % ¥ %7 4» {6 E,,, = [100.0, 500.0, 600.0]" #I E,,,
[200.0, 200.0, 200.0]", ZHUE R RZE 0. 1, B X Se B 1% 7] 22 2 BOE 10 A HEBE 25 46 A1 )
HAL Powell iR51 POWCBG )%, JFHBUSEN] £, =0. 001, &, =0. 001. ZHEECL R 13K 3
FE 5 Bk,
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Fig. 5 Iterative results of material constants when the pre-known information is precise( N/cm?)
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SCHRL 3 ] %G Al 1, Powell BRIE A A A REAN I B AT BROT A 5 ROk B, Jo s A1 b 22 Uk 8 T A
FRICIE BT REIT  FE A 24 R SRAu s B2 1 i —2 TR RCR 5.

MR 3 TR FEZ ZHER WG T 25 S5 o (BRI, 1l 2 AT S50 U s 32 AU B8O A
D SO BE R B B, WA E, B35 0E TS 8CEEPRME E,,,, , (B 2 IS8 )
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Tab. 3 Results of Powell’ s identification of material constants of thin-walled box

when the pre-known information is precise( N/cm?)

material constants E; E,| E, E, E, E, E;
initial value E;; 1.000 0x10°  5.000 0x10°  6.000 0x10° 2.000 0x10°® 2.000 0x10°  2.000 0x10°
final value £,,4 3.003 8x10% 2.496 3x10°  3.499 2x10° 2.999 6x10° 2.499 0x10® 3.501 9x10°
iterative times N 6 6 6 7 7 7

relative error 17 /% 0.13 0.15 0.02 0.01 0.04 0.06
convergence criterion &; &, & &, &, &, &,

TR2 ol s BAHERR I HEEE 2SR AR 2R Powell PR BIAFST. L T80 -5 52 Bk BLAH
56, RSB TRAK L S EUE RS BARME S S 5L — 20 B R BUE RS B E,
=[400.0, 400.0, 400.0]" . K F L& HAIMAIEE,,, =[100.0, 500.0, 600.0]" HIE,, =
[150.0, 400.0, 200. 07", HAR T00 1. PLisE, J8EEZS R AR E0W Powell 15145 R 3k 4
Fi7R.
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R4 RBATEARUET R AR BN Powell ILHIZE R (N/em?)
Tab. 4 Results of Powell” s identification of material constants of thin-walled box

when the pre-known information is imprecise( N/cm? )

material constants E, E, E, E, E, E, E;
initial value £, 1.000 0x10° 5.000 0x10° 6.000 0x10°® 1.500 0x10® 4.000 0x10°® 2.000 0x10°
final value £, 3.197 1x10%  3.731 9x10° 3.085 0x10° 3.546 7x10° 3.770 2x10° 3.148 2x10°
iterative times N 4 4 4 15 15 15

relative error 1 /% 6.57 49.27 11.85
convergence criterion &; &, &, £, divergent divergent divergent

P 4 THRRAER T, S SE g0 A SN MER I, 7 BE 25 R AR R BOE AU AR A B lid% &, Wi
SIS T BB PRE (X3R5 0 > 5% ) « A SGl 3R BOR R R 20 28000 R A
(FRTFRR ARSI P ) 19 Powell SEAC TN, Jel (5 BN HER NS, AR BOs At e
REMSCSAN H BEFE &, WKL

®5 ARSEERAEETSECGE MR EREE (N/em®)
Tab. 5 Relative fluctuating degree of parameter iterative results by different groups

of pre-known parameter values (N/cm?)

material constants E, E, E, E, E, £, E;
pre-known value £, 3.000 0x10°  2.500 0x10° 3.500 0x10° 4.000 0x10° 4.000 0x10° 4.000 0x10°
final value E|,,q 3.003 8x10°  2.496 3x10° 3.499 2x10° 3.197 1x10° 3.731 9x10° 3.085 0x10°
final value E,,,, 2.999 6x10° 2.499 0x10° 3.501 9x10° 3.3122x10° 3.708 0x10° 3.022 8x10°
D E g = Epena | 0.420 0x10*  0.270 0x10*  0.270 0x10* 1.151 0x10° 2.390 0x10*  6.220 0x10*
(Eyena + Eyena) /2 3.001 7x10%  2.497 6x10° 3.500 5x10° 3.254 6x10° 3.719 9x10° 3.053 9x10°
relative fluctuating degree & /% 0.26 0.20 0.14 6.65 1.21 3.83
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Powell’ s Optimal Identification of Material Constants of
Thin-Walled Box Girders Based on Fibonacci
Series Search Method

ZHANG Jian', YE Jian-shu’, ZHOU Chu-wei'
(1. Department of Mechanics and Structural Engineering, Nanjing University of Aeronautics
and Astronautics, Nanjing 210016, P. R. China;
2. Imstitute of Bridge Engineering, Southeast University, Nanjing 210096, P. R. China)

Abstract: For thin-walled curve box girders, dynamic Bayesian error function of material con-
stants of the structure was founded. Combined with one-dimensional Fibonacci series automat-
ic search scheme of optimal step length, the Powell’ s optimization theory was utilized to per-
form the stochastic identification of material constants of thin-walled curve box. Then the steps
of parameters’ identification were presented in detail and the Powell’ s identification procedure
of material constants of thin-walled curve box was compiled, in which the mechanical analysis
of thin-walled curve box was completed based on finite curve strip element( FCSE) method.
Through some classic examples, it is obtained that the Powell’ s identification of material con-
stants of thin-walled curve box has numerical stability and convergence, which demonstrates
that the present method and the compiled procedure are correct and reliable. And during pa-
rameters’ iterative processes, the Powell’ s theory is irrelevant with the calculation of FCSE’ s
partial differentiation, which proves high computation efficiency of the studied methods. The
stochastic performances of systematic parameters and systematic responses are simultaneously
deliberated in dynamic Bayesian error function. The one-dimensional optimization problem of
the optimal step length is solved by adopting Fibonacci series search method and there is no

need to determine the region in which the optimized step length lies.

Key words: Powell’ s theory; thin-walled curve box; material constants; Fibonacci series
search method; FCSE theory



