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Abstract: With the continuous development of construction technology, the structures in modern engineering tend to be
more complex and high-dimensional. Therefore, the structural model modification for such structures often faces the
challenges of high solution difficulty and large amount of calculation. To solve this problem, a model modification
method based on the combination of kriging and NSGA2 algorithm is proposed for large concrete W-shaped column
structures. Firstly, the W-shaped column is divided into five segments for simulation, and the finite element model of the
W-shaped column is established by MIDAS FEA NX software. The elastic modulus, bulk density, cross-sectional area i,
and cross-sectional area j of the five segments are selected as the model modification parameters, and the Latin hypercube
sampling method (LHS) is used to generate the combination of model modification parameters, and the settlement of the
north and south sides of the W-shaped column under different parameter combinations is calculated. Taking the
combination of model parameters as the input and the settlement of the north and south sides as the output, a kriging
finite element surrogate model is established. At the same time, the objective function is established by minimizing the
error between the measured settlement of the north and south sides of the W-shaped column and the finite element
calculation results, and the NSGA2 multi-objective optimization algorithm is used for parameter optimization, and finally
the modified parameters of the W-shaped column model are updated. Through verification, the settlements of the north
and south sides of the modified W-shaped column are 203.0745mm and 203.0748mm, respectively, which are close to the
actual measured results of 217mm and 218mm, which proves the practicability of the proposed method.
Key words: Large concrete W-shaped columns; Structural model correction; Kriging proxy model; NSGA2
multi-objective optimization algorithm; Settlement of W-columns.
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Fig. 1 Cracks on the north and south sides of the

W-column
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Table 1 Design table of the initial model parameters of the W-column

TS BV R E(N/mm2) 2R Hy(N/mm?) IR i(mm?) AR j(mm?)
1 34554 2.3365%10° 1508600 1025513.6
2 34554 2.3365%10° 2749600 1508645.55
3 34554 2.3365x10° 4414200 2749602.17
4 34554 2.3365x10° 5099500 4414152.12
5 34554 2.3365x10° 7240800 5099548.55
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Fig. 2 Division diagram of the five-segment column of the W-column
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(a) Distribution of elastic modulus and unit weight of the five-segment column of the LHS sample

(b) Distribution of cross-sectional area i and cross-sectional area j of the five-segment column of the LHS sample
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Fig. 3 Distribution diagram of model parameters of Latin Hypercube Sampling
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Table 2 Step size and optimization range of the model parameters of the W-column

B S HK LR FREE
— B E, 173 N/mm? [17300, 51800]
—BHAERY,; 1.17x107 N/mm? [1.17x107%, 3.5x10°]
— BT 7540 mm? [754000, 2260000]
— B 5130 mm? [513000, 1540000]
B R E, 173 N/mm? [17300, 51800]
ZEHAT Yy, 1.17x107 N/mm3 [1.17x107%, 3.5%10°5]
BT 13700 mm? [1370000, 4120000]
BT AR 7540 mm? [754000, 2260000]
B E Es 173 N/mm? [17300, 51800]
ZBHART y, 1.17x107 N/mm? [1.17x107%, 3.5x10°%]
=B A 22100 mm? [2210000, 6620000]
=B 13700 mm? [1370000, 4120000]
VU B B R i Ey 173 N/mm? [17300, 51800]
VBT y 1.17x107 N/mm? [1.17x10%, 3.5x107%]
VY BCAE A AR 25500 mm? [2550000, 7650000]
VY B pk AR AR 22100 mm? [2210000, 6620000]
TLBAE R R Es 173 N/mm? [17300, 51800]
TBEAT v 1.17x107 N/mm? [1.17x10%, 3.5%10%]
BT ¢ 36200 mm? [3620000, 10900000]
BT 25500 mm? [2550000, 7650000]
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Fig. 4 Elastic modulus, unit weight, cross-sectional area i, and cross-sectional area j of the five-segment column of 100
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Table 3 Modified values and comparisons of the model parameters of the W-column

B S BIEA] BRI bk L:X 0
— BT R Ey 18322.43 34554 -46.97% N/mm?
—BUEAEE Y, 3.2884x10° 2.3365x10 40.74% N/mm?
—BU AR i 1795123.2 1508600 18.99% mm?
— BRI AR 1533203.1 1025513.6 49.51% mm?
TR R E, 24768.41 34554 -28.32% N/mm?
ZEHARY, 3.4340x10° 2.3365x10° 46.97% N/mm?
T BT AR i 4055200 2749600 47.48% mm?
B AR R 2185695.2 1508645.55 44.88% mm?
SRR R E 18177.11 34554 -47.40% N/mm?



ZBHER Ty, 2.8100x10°5 2.3365x10°5 20.27% N/mm?
ZBRAEAERmE i 5857163 4414200 32.69% mm?
ZBEEIAR 2468192 2749602.17 -10.23% mm?
VY BAT: A By 18092.34 34554 -47.64% N/mm?
PUBEAE y, 3.4749x10° 2.3365%10° 48.72% N/mm?
VU B AL AT A i 7539840 5099500 47.85% mm?
VY BAE AT AR 2696863 4414152.12 -38.90% mm?
LB A& Es 22306.62 34554 -35.44% N/mm?
TR g 3.4632x105 2.3365x105 48.22% N/mm?
BRI i 10846244 7240800 49.79% mm?
FBART 6620565 5099548.55 29.83% mm?
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Fig. 5 The settlement of the north and south sides of the initial finite element model of the W-column

The settlement at the top of the south column is 62.6563mm, and the settlement of the north column is 62.6564mm.
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Fig. 6 The settlement of the north and south sides of the finite element model of the W-column after modification

The settlement at the top of the south column is 203.0745mm, and the settlement of the north column is 203.0748mm.
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Fig. 7 Axial force, shear force, and bending moment diagrams of different segments of the finite element model of the south

column of the W-column before and after the structural model modification
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