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Abstract: To improve the elastic shear buckling strength (ESBS) of variable cross-section corrugated steel webs
(CSWs) while controlling engineering cost (EC), this study optimizes the web geometry of a continuous rigid
frame bridge with CSWs of variable cross-section. First, finite element analysis (FEA) models of CSWs with
different geometric parameters were established. The relationships between web dimensions and ESBS were
obtained through response surface fitting, while the relationships between geometric parameters and EC were

calculated using the slicing method. Second, the Pareto optimal solution set was derived using the NSGA-1II

WofE HH1:2024-06-25 M4 H AR H #1:2024-07-17
EEWHE  {Z & SR IT(2017YFC1502503).

Supported by the National Key Research and Development Program of China(2017YFC1502503).
EERE I A0 (1995—), 5 Bl L it 52k, RN FEMALALH ST, (B-mail) whutsk123@163.com,
BIEESE E LB, 882, W4 S0, (E-mail) whutvses@163.com,,



# 11 &0 R BE IR B AR AT R R R 77

algorithm. The combined weight of the optimization objectives was determined by integrating the expert scoring
method, the entropy weight method, and the minimum deviation principle, and the optimal scheme was selected
using the technique for order preference by similarity to ideal solution (TOPSIS). Finally, the impact of parameter
variations on the optimization results was analyzed. The results verify that the established FEA model and fitting
formula are accurate and effective through buckling mode validation and response surface significance tests.
Compared with the original design, the optimal scheme increases the ESBS by 93.5% and the EC by 37.1%. Some
Pareto solutions outperform the original design in both indicators, indicating potential for improvement in the
original dimensions. According to the response surface fitting formula, ESBS increases with larger wave height,
plate thickness, and short-side height, but decreases with larger flat strip width and long-side height. The
subjective weighting significantly affects the final scheme selection: as the subjective weight of ESBS increases,
both ESBS and EC in the optimal scheme rise accordingly.

Keywords: corrugated steel webs; bi-objective optimization; shear buckling; NSGA-II algorithm; entropy weight
method; TOPSIS
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Fig.1 Bridge span layout and shear stress in bridge completion states (MPa)
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Fig. 2 Cross-section A-A of box girder with corrugated steel web (m)

2 EBIBEWREE

2.1 BRTEE R A EMEEIE

T ANSYS @7 P U B9 18 AL, R T AR R AR AR ROBE AR /N, SR S8 BT HEAT SR . AE I TR N I Al
A BR T A VR BE - TOUC A 5 A IR A =2 ) R A A A, S O SR I TR) RIS SO JBE S O [ S ST A AR
PE 57 D) J ity o BN AT B R R B AT [ U5 43 BT o R, SR R AR TR R R SR SR [13- 1410 ] 1k i A 5%
1, B NE Al AR T AR B G Bl A B AR R TR BE - B AR N I R AR AR B 29 R SR ik SO rh g
R 7 e AT SRR, 40 BN SCHR[15-1719 B9 A12-410-45 . S1.S2-2 38 ¢ BEAT R0, , LA STIR A Ry 451] , SC A FR ST AR Y
55 SCHRAE PRA A g S, il 3 TR .

U=U=0
F u=0 U=U=0 it

4
U=U=U=0

y

U=U=U=0 oy

U=U,=0
(a) 3CHR[16]ABAQUSHERY ’ (b)) A< CANSYSHEY

3 HRTEBITLL
Fig.3 Comparison of FEA models

U,=U=0

A Ao A AR 20 AT A5 R R 1) — o e S K — B A RO 0 i ot B 5 B A% R B4 SR A3 B
Pl n 2, 75 B A W IR 25 B ar 28— 7 it L 181 4 AP 5 7 o el TRT 4 R0, SCr P AR D vk T A A% U
R A WIS 5 45 A, e A BB B E 45 o ol TR S mTAD, SCH s T 1 T A9 e 28 - 02 4%



# 11 &0 R BE IR B AR AT R R R 79

2 5 30 00 4% R A0 SR BR T 25 SR A AR R 09 AR Ak fa A, Hor A12-410-45 3878 8 BUR AR IR G , R PR T
R, STIR AR AT S2-2 3 11 AR 3 77 38 B M BR J5 FF 4 B, 2 )5 UM B — 52 A2 B 1 K 30 T A5 3 A4 1 A B 7R 3%
J1453 51 147 .4 485 .65 KN, A PR T T 45 W B 4 48 7 43 51 Ry 142 .4 488 .70 kN, 5 1256 A0 Hb 152 22 53 1 0 3% .
0.1% 8% , & B SCrp A 5 o W] DAAT RS LR (0 R 3R BE T o 40 3 IR T 245 R g 0 B8 48 1 % 1L, 9640E T
SCHVAT R T ERASE 5 vk I T R

(a) A12-410-451K 48

(c) S22
B4 RUEBRESSHERTERILE

Fig.4 Comparison of the failure modes between test and FEA
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Fig.5 Comparison of load-deformation curves between test and FEA
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Table 1 Models and parameters of common corrugated steel webs mm
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Fig. 6 Boundary conditions and loading of the model
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Fig. 7 Buckling mode of corrugated steel webs
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Fig. 8 Comparison of actual and predicted values of elastic shear buckling strength
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Fig. 9 Calculation of area of corrugated steel web with variable section
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Fig. 12 Cost-elastic shear buckling strength Pareto optimal solution set
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Table 2 Experts' scores on the importance of the two indicators

LRIV PR Y D) i 5 & LRIV SV 5 U0 Ja it iR E A
1 4 3 11 4 2
2 3 3 12 4 3
3 5 3 13 5 3
4 4 5 14 4 3
5 5 3 15 5 4
6 4 5 16 5 2
7 5 3 17 5 3
8 4 3 18 4 5
9 4 4 19 5 5
10 5 2 20 5 2

W1 HAREE 250 — M EE 3 0 A E L 4 0 A S oAk W 2



86 TR K F F IR % 48 %

FI ] TOPSIS #2315 25 A WE A A, 15 B HE P AT 10 037 (1) Pareto f# , WK 3 TR o 75 R 1025 A VF (5
S, R NEAET . BB RS AL X, 45 R 3% 4008 , 704> Pareto fift o 2 T 45 41 3 08 T I i
TR 294 B8 43 W LR AR B 00 T IR BT H I iR 8 T 3R 4. e T B KW SRR AR 300 T DR AT 0 i
Pareto fif 2 T 1 (7 B, AN 13 7R o fH 3R 4 AR g A D 58 v P B9 U0 it 5 B < BB TH I K 93.5% , 1 i 6
PRI 2 37.1% , B T 5 35 104 Dt 1) £ 45 5 U7 JeE i 5 B o 98 5 KRR, IRVt 1 )5 0T 1 81 ) e 1 B2 e
[] T34 0 — & 3 A, O B AR M U0 S o R R B R L R A A S 4 .t R 4 S &1 13 AT, Pareto
fit B TP AT AE 24 )5 B 2 AR AR A T R, L 36.37.39 .43 .44 5 07 2 R ], sk 0 1 il o < R
89.9% .89.4% .89.2% .88.4% .88.2%, it it 643 MIFEMK 2.4% .7.1% .9.3% . 15.5% . 18.1% . B i% i1 % F A i 1600
R I L AR AL 45 2R R WD, 1600 B 98 T8 A9 6 A Ol i f2 300 59 D) Ja it i 32« B it i 6 [ B e A, mT DA et
ST 3 — 20 48 v 4 Al %) 5 U0 i ot i 2 [ 5 48 38 1

*3 ParetofRERHEFRT 10 R

Table 3 Top 10 solutions in the Pareto solution set

R AR HArME
Hey S,
b/m d/m h/m t,/m h,,/m h,,/m 7/MPa 0/73 7.
1 0.320 0.313 0.397 0.038 5.027 3.723 2207 446 0.6154
2 0.316 0319 0.397 0.038 5.018 3.710 2176 439 0.6149
3 0.326 0.293 0.397 0.036 5.027 3.809 2136 431 0.6139
4 0.340 0.306 0.397 0.035 5.029 3.869 2083 418 0.613 8
5 0.321 0312 0.397 0.036 5.024 3.854 2104 423 0.613 8
6 0.325 0.271 0.399 0.039 5.027 3.753 2291 468 0.6137
7 0.340 0.305 0.397 0.035 5.029 3.869 2065 413 0.6137
8 0.330 0.266 0.398 0.039 5.041 3.908 2377 490 0.6115
9 0.340 0.308 0.397 0.034 5.026 3.864 2015 404 0.6112
10 0.306 0.282 0.395 0.039 5.030 3.899 2328 482 0.609 6
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Fig. 13 The position of the best solution and the solution whose two indicators are better than the original design

in the Pareto solution set
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Table 4 Comparison between the original design and the best scheme and some schemes whose two indicators

are better than the original design

T % b/m d/m h/m t,/m h,,/m h,/m  ©/MPa 6/JiJG S,
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36 0342 0306 0395  0.023  5.031  3.861 1424 274 0.566 5
37 0321 0276 0391  0.021  5.033 3.888 1362 261 0.560 0
39 0329 0281 0392  0.021 5032 3.876 1333 254 0.557 1
43 0.308  0.269 0386  0.019  5.043  3.864 1247 237 0.547 3
44 0330 0281 038  0.019 5.032 3.877 1222 230 0.545 8
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Fig. 14 Variation of elastic shear buckling strength of corrugated steel web with different geometric parameters
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Fig. 15 The influence of subjective weight on each parameter in the optimal scheme
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