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Finite Element Model Updating of Tower Cranes Based on the
Non-dominated Sorting Genetic Algorithm
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Abstract; A finite element model updating method based on the non-dominated sorting genetic
algorithm II (NSGA-1II ) was proposed, which ensures that the established finite element model
can accurately reflect the actual state of the structure. Firstly, the finite element model was
established, and the effective response surface substitution model was obtained based on the
quadratic polynomial response surface method. Then the response surface model was updated with
NSGA-1I. Finally a reliable finite element model was obtained which can satisfy the requirements
of engineering precision. An engineering example of a tower crane’
updating was provided. In accordance with the measured data, the results indicated that the multi-
objective optimization algorithm based on NSGA-II has an ideal effect for the finite element
model updating, and the updated finite element model can accurately reflect the mechanical
properties of the structure.
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Fig. 1 Updating process of the finite element model
based on the response surface method
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Fig. 3 Initial finite element model of the tower crane
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Table 1 Seven parameters with the highest sensitivity
of frequency
Bt AR SR F) 4 {H/ mm
X BEERRUMET R A 1300
x, ISR IEAT R 1390
X BE K AT BE 1850
x PR R R R R 88
X REE 4,56 R 10
xo PR AR R 320
X B B AR 5 S 150

DA B3R 7 S22 e o # 3 w1 T 17 4
AN [N 53 BT BARAU G 189 Z W 22 T 7 T B
o= (8) ~= (10) Fiw.

Vi =0.046 + 1.043 x 107" x, + 3.449 x
107°x, —2.108 x 107> x; - 4.867 x 107° 1% +
8.669 x 10 °x3, (8)

V= —0.217 = 1.532 x 10 ' x, +9.291 x
107'x, — 1.789 x 10 % x; + 1.207 x 107" x, —
3.827 x10'x; +3.396 x 10 °x3, (9)

Vit = —0.140 - 2.477 x 10 ' x, +5.578 x
107'x, +4.128 x 107" x, —2.235 x 10" x, -
2.545 x107'x3 =1.233 x107'x3 =9.922 x 10 x
X, —9.142 x 10 *x} +5.609 x 10 *x (10)

yit = =0.181 = 1.590x, +1.599x, +1.035 x
X, —7.790 x 10 ' x, +5.399 x 10 ' x7 - 8.345 x
107'x2 =3.159 x 10 7'x2 =3. 046 x 10 '3, (11)
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Table2 RMSE and Ain first four orders
HEAF X PERBR HHXF 45 L% 22 RMSE
1 0.998 4 0. 000 7
2 0.993 1 0.0015
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Fig. 4 Influence of cross term on the accuracy of
quadratic response surface
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Table 3 Measured first five model orders of the
tower crane

Bk MR/Hz PRA
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Fig. 5 Pareto front of tower crane optimization
(3D projection)
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Table 4 Comparison of optimized frequencies

o B/ Hz
Bk ——= = = -
SCME mME BRI HE B

1 0.124 0.124 0.132 0.125 0.124
2 0.273 0.269 0.274 0.272 0.273
3 0. 329 0.325 0.334 0.328 0. 328
4 0. 621 0.617 0. 632 0. 621 0. 621
5 0. 883 0. 867 0. 877 0. 871 0. 874
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Table 5 Comparison of optimized design variables mm

it

e SEBRME BUME O RORME BE B
SCHEL

X; 1430.0 1317.22 1553.64 1345.95 1342.12
X, 1320.5 1267.04 1457.60 1278.89 1268.96
Xy 1628.0 1482.44 1916.94 1534.14 1554.92

X, 92.4 74.1 105. 6 81.4 85.0
X5 11.0 9.1 10.3 9.9 9.9

6 336.0 316. 8 384.0 368. 9 363. 1
X, 142.5 125.7 142.2 138.1 139.4
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Table 6 Frequency error after updating

RIS BT IR 1 2 3 4 5
R%/% 0 0 030 0 1.02

xR7 BERZEMBSEIRZE
Table 7 Error of structural parameters after updating

=N
g% Xy

X, X, X, X5 Xg X,

W#Z/% 6.1 3.91 4.49 8.01 10.00 8.07 2.18
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