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Sensitivity analysis of rigid-frame bridge cross-sectional dimension
parameters based on response surface method

LI Duanfeng

(Zhongjinpeike Construction Co., Ltd., Changsha 410116, China)

Abstract: [Purposes] The rigid-frame bridge is an important bridge type in modern bridge engineering
and the reasonable selection of its cross-sectional dimension parameters has a significant impact on the
structural response and stress conditions. This study aims to explore the sensitivity of the cross-
sectional dimension parameters of the rigid-frame bridge to the key responses of the structure, and to
clarify the influence degree of each parameter on the structural performance. [Methods] A long-span
prestressed concrete continuous rigid-frame bridge was taken as the engineering background. Based on
the response surface methodology (RSM) , an explicit surrogate model was constructed between the
key response of the structure (deflection and upper and lower edge stress) and the cross-sectional
dimension parameters (main span height, root beam height, web thickness, and floor width). The
sensitivity of each cross-sectional dimension parameter was thus systematically analyzed. The height of
the box girder, the floor width, the web width and the roof thickness were selected as the design

parameters. The vertical deflection of the end of the 8# segment (semi-cantilever) , the mid-span
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deflection and the stress of the upper and lower edges after the bridge completion were taken as the
response indexes. The central composite design (CCD) method was used to generate the parameter
sample points, and the response data were obtained by combining the Midas finite element model
analysis. The significance of the influence of each parameter on the structural performance was then
quantified. [ Findings] The web thickness is an important parameter among all four structural response
indexes, with a sensitivity percentage between 96.66% and 97.98%. The other design parameters
contribute less than 5% in the structural response, making them negligible parameters. [ Conclusions ]
In the given design space and deviation range, when the cross-sectional dimension of the rigid-frame
bridge changes, the web thickness becomes the main influencing factor for the deflection of the end
during the construction process as well as the deflection and stress of the mid-span of the completed
bridge.

Key words: rigid-frame bridge; response surface method; sensitivity analysis; cross-sectional

dimension; finite element method
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Table 1 Classification of parameter importance levels
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Fig.3 Cross-section of main beam (unit: cm)
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Fig. 4 Finite element model
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Table 2 Parameter reference values and their deviation ranges
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Table 3 Experimental plans and corresponding numerical simulation results

Fr | AR fom | AR E BE fem J@’r&fii/i{tﬁ TR SR fom | BEIERIE Z /mm | BEFHENE 7 fmm | _EZERJj/MPa | R 250 J)/MPa
1 3135 617.5 -0.05 26.6 4.828 29.9823 -2.998 -11.627
2 3135 682.5 -0.05 29.4 4.856 27.895 6 -3.053 —-11.046
3 346.5 617.5 -0.05 26.6 4.527 22.998 2 -3.392 -10.484
4 313.5 682.5 0.05 26.6 4.732 27.316 7 -3.023 -10.860
5 346.5 617.5 0.05 29.4 4.154 22.308 5 -3.231 -10.141
6 346.5 682.5 -0.05 29.4 4.552 21.283 1 -3.445 -9.977
7 330.0 650.0 0.00 28.0 4.561 24.948 2 -3.190 -10.619
8 363.0 650.0 0.00 28.0 4.274 19.0517 -3.532 -9.596
9 346.5 617.5 0.05 26.6 4.266 22.3357 -3.289 -10.197

10 346.5 682.5 0.05 26.6 4.422 20.725 1 -3.411 -9.777
11 330.0 650.0 0.00 28.0 4.561 24.948 2 -3.190 -10.619
12 330.0 650.0 0.00 28.0 4.561 24.948 2 -3.190 -10.619
13 330.0 585.0 0.00 28.0 4.391 26.854 4 -3.061 -11.109
14 3135 617.5 -0.05 29.4 4.695 29.914 2 -2.940 -11.559
15 3135 682.5 0.05 29.4 4.589 27.250 6 -2.961 -10.789
16 3135 682.5 -0.05 26.6 5.010 27.963 3 -3.120 -11.121
17 346.5 682.5 0.05 29.4 4.291 20.705 1 -3.343 -9.715
18 346.5 682.5 -0.05 26.6 4.694 21.303 6 -3.517 -10.043
19 3135 617.5 0.05 29.4 4.438 29.178 1 -2.850 -11.280
20 330.0 650.0 -0.10 28.0 4.833 25.6153 -3.291 -10.898
21 330.0 650.0 0.10 28.0 4.303 24.309 2 -3.095 -10.353
22 297.0 650.0 0.00 28.0 4.875 327315 -2.748 -11.820
23 330.0 715.0 0.00 28.0 4.708 23.246 9 -3.296 -10.117
24 330.0 650.0 0.00 25.2 4.695 249915 -3.253 -10.684
25 330.0 650.0 0.00 28.0 4.561 24.948 2 -3.190 -10.619
26 346.5 617.5 -0.05 29.4 4.405 22.9709 -3.330 -10.424
27 330.0 650.0 0.00 30.8 4.431 24.903 1 -3.128 -10.554
28 3135 617.5 0.05 26.6 4.561 29.244 2 -2.904 -11.343
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Table 4 Coefficients of fitting functions

5 R R R A 1 a(-) b,(H) b,(B,) b,(T,) b,(T) e,(HXB) |e(HXT)|c, (HXT,)
¥z, 9.341 000 | -0.018 182 | 0.012905 | -4.645000 | —0.068 690 -6.759910x107° | 0.001 818 | 0.000 124
¥z, 276.376 200 | -0.909 541 | —0.122 846 | -25.082 830 | —0.171 185 0.000 151 0.021 545 | 0.000 468
Yo, 8.043 330 | —0.045699 | -0.006 858 |  0.795833 | —0.009 196 ~1.048 950x107 | 0.002 803 | 0.000 051
Yo, -49.615670 | 0.111452 | 0.019296 | 7.207500 | 0.079 792 -0.000 030 0.001 288 | -0.000 089
PUEREIFAE R | )y(By X T,) [ (B X T) | e (T, X T) | ¢,,(H?) ,(B}) ey, (T2) ey (T2
¥z, -0.001 615 | -0.000110 | 0.037500 |  0.000012 | -2.721 890x10™° | 0.700 000 0.000 255
¥z, 0.013500 | 0.000020 | 0.003750 |  0.000865 | 0.000 024 1.271 670 -0.000 285
Yo, 0.000 423 | 0.000051 | —0.015179 |  0.000046 | 2.731760x107° | -0.295 833 -0.000 058
Yo, -0.003 346 | 0.000037 | -0.015179 | -0.000086 | 2.268240x107" | —1.154 170 -0.000 643
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Table 5 Evaluation index results

P bR Yz, Yz, Yo, Yo,
R 1.000 0 1.000 0 1.0000 | 0.999 8
R, 1.0000 | 0.9999 1.0000 | 0.999 7
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Table 6 Influence degree of each design parameter

iR | EESH LIPS 2
¥z, 7.(97.58%) | H(0.27%).B,(0.10%) .T(2.05%)
Yz, 7.(96.93%) | H(2.42%) .B,(0.44%) .T(0.21%)
Yo, T,(96.66%) | H(0.90%) .B,(0.14%) T (2.30%)
Yo, T.(97.98%) | H(0.64%).B,(0.64%) .T(0.74%)
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Fig. 5 Sensitivity percentage of each design parameter
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