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Abstract: In the current engineering and scientific research, finite element models for large-scale struc-
tural optimization face limitations due to high computational costs and complexity. The integration of
response surface models has emerged as an effective approach to overcome these challenges, enabling

researchers to significantly reduce computational costs while maintaining acceptable accuracy. Howev-
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er, when fitting response surfaces for complex models, conventional parameter screening methods of-
ten lead to reduced accuracy and efficiency, particularly when considering individual variations and the
high costs of sensitivity analysis. Focusing on the finite element model of a 26-story frame-shear wall
structure, this study integrated two preprocessing steps—single-factor experiments and hill-climbing
tests—during response surface construction. These steps aimed to narrow the search space, screen
key factors, and provide gradient information, making the construction of the response surface more ac-
curate and operable, and providing a reliable foundation for subsequent model processing. By integrat-
ing multiple intelligent algorithms, this study completed the model updating and optimization opera-
tions for the response surface. The research results showed that the response surface constructed using
parameters screened through preprocessing steps maintained consistently low error rates with identifi-
cation results when multiple algorithm types were applied. This study provides valuable guidance for
future engineering practices and research on related fields, offering a more flexible and universal opti-
mization solution for enhancing the accuracy and efficiency of finite element model updating in large-
scale structural optimization.

Keywords: finite element model; response surface model; single-factor experiments; hill climbing

tests; model updating
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Table 1 Results of modal period identification

Eliﬁ:s

X[ Y [H]

—Br =B =B —Br B =B

JA# 1.972  0.512  0.251 1.840 0.550 0.295
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Table 2 Parameters to be screened

75 S8 BAE
1 FAERLR E1( X 10" MPa) 3.250
2 PERLR E2( X 10" MPa) 3.350
3 PR E3(X 10" MPa) 3.600
4 B L SR 71X 10" mm*) 2.567
5 AT AH 5 R J2( < 10° mm*) 11.720
6 HTH LA AR 73( < 10° mm*) 16.330
7 Y G1( X 10" MPa) 1.354
8 FYIE R G2( X 10" MPa) 1.396
9 BYIRL R G3( X 10° MPa) 1.500
10 28 Y W4 11( < 10" mm*) 5.721
11 28 Y S P4 12( X 10° mm*) 3.466
12 28 Y Wi 13( < 107 mm*) 17.070
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Table 3 Factors and levels for response surface experi-

ments AT %
A%
K- B E1 SRR E3 B8 Y R
ARk H AR AR 3R R
fKAKF-(—1.682) 94.77 84.32 87.96
IR (—1) 105 115 105
EK 120 160 130
mACE(+1) 135 205 155
BKF(+1.682)  145.23 235.68 172.05
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Table 4 Experiment design HA %
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Al A AL R 75 A A
1 —1 —1 —1
2 0 0 0
3 1 —1 —1
4 0 0 0
5 —1 —1 1
6 0 —1.682 0
7 0 0 1.682
8 0 0 —1.682
9 0 0 0
10 —1.682 0 0
11 —1 1 1
12 1.682 0 0
13 0 0 0
14 1 1 1
15 0 0 0
16 0 0 0
17 1 —1 1
18 1 1 —1
19 —1 1 —1
20 0 1.682 0
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Table 5 Response data for different order periods

Hfi s
X1 4 39 Y i) J 39
¥ — — - -

—B ZB =K —B B =B
1 1.964 0.516 0.252 1.852 0.563  0.296
2 1.886  0.500 0.245 1.743 0.532  0.283
3 1.893  0.502 0.246 1.764 0.541  0.286
4 1.886  0.500  0.245 1.743 0.532  0.283
5 1.907 0.506  0.248 1.763 0.539  0.286
6 1.904 0.507 0.248 1.770 0.544  0.288
7 1.849 0493 0.243 1.679 0.515  0.275
8 1.941 0.509  0.249 1.830 0.555 0.293
9 1.886  0.500 0.245 1.743 0.532  0.283
10 1.950 0.513 0.251 1.826 0.552  0.292
11 1.888 0.499 0.246 1.737 0.527 0.281
12 1.837 0.490 0.241 1.679 0.516  0.275
13 1.886  0.500  0.245 1.743 0.532  0.283
14 1.826  0.486 0.240 1.653 0.506  0.271
15 1.886  0.500 0.245 1.743 0.532  0.283
16 1.886  0.500  0.245 1.743 0.532  0.283
17 1.843 0.493 0.242 1.678 0.518 0.276
18 1.876  0.496 0.244 1.739 0.530  0.282
19 1.945 0.509 0.249 1.827 0.552  0.292
20 1.873  0.495 0.244 1.726 0.524 0.279
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Fig.6 Significance tests of parameters for different order periods
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Table 6 Accuracy validation of response surface models

it X 1] Y [

fEtr I =B =B I “Br =B
R* 0.999  0.999 0.999  0.999 0.999  0.999
Ri,  0.999  0.999 0.999 0.999 0.999  0.999

RMSE 0.002 0 0 0 0 0
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