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Optimization design of steel vierendeel truss structure based on response

surface method
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Abstract: To improve the optimization design efficiency of steel vierendeel truss structure, a
structural optimization design method based on the response surface method was proposed to
optimize the design of steel vierendeel truss. Before optimization, the equivalent inertia moment
and equivalent shear stiffness of the vierendeel truss were derived according to the virtual work
principle, and the accuracy of the finite element model was verified by the equivalent beam
flexibility method. Through the Box-Behnken experimental design, totally 66 groups of finite

element test samples were obtained, and Kriging response surface was established to obtain
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approximate response points. With the goal of minimizing structural quality and the constraints of
maximum allowable combined stress, maximum deflection, and component width to thickness
ratio, the MOGA genetic algorithm was used to optimize the design of the vierendeel truss, and
the Pareto optimal candidate solution was obtained. The results show that under all levels of
loads, the maximum relative error between the finite element calculation value and the equivalent
stiffness method calculation value is only 5.6 %, which verifies the accuracy of the finite element
model used for optimization design. The optimal steel consumption of the three groups of
candidate solutions after optimization is 6 195. 4 kg, which saves about 18% of the steel
consumption compared with that before optimization. The geometric parameters related to the
optimal solution are verified by finite element numerical tests. The width to thickness ratio,
maximum combined stress, maximum deflection and structure quality of the optimized members
are in good agreement with the numerical test results, and the deviation is within 3%, which
shows that the structural optimization design method based on response surface method is suitable
for the multi-parameter optimization design of steel vierendeel truss structures.
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Table 1 Calculation results of deflection
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Table 2 Calculation results of maximum deflection
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P/ m | ARRICHE/m | AXHE2E/ %
10 0.037 6 0.035 5 5.6
13 0.046 7 0.046 2 1.2
16 0.055 9 0.056 8 1.6
19 0.065 1 0.067 4 3.5
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Table 3  Design variables and constraints
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h 0.8~1.6m

a 3.2m

w1 0.2~0.4 m
hi 0.35~0.55m
t 0.008~0.016 m
ty 0.008~0.016 m
wy 1w BK 3l

hs i w, BKBh
13¢s) 0.008~0.016 m
L3(m) 0.008~0.016 m
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Table 4 Optimization results

28 i 3 i 1 fige 3 A 2 fige % A% 3 AL
h/m 1.6 1.4 1.6 1.4
w; /m 0.25 0.25 0.25 0. 30
hi/m 0.45 0.45 0.45 0.40
t1/m 0.014 0.014 0.014 0.016
7/m 0. 008 0.008 0.008 0.010
wy /m 0.025 0.025 0.025 0. 300
hy/m 0.025 0.025 0.025 0. 300
3¢ /m 0.014 0.014 0.014 0.010
I5(m) /M 0. 008 0.014 0.010 0. 006
0/m 0.081 0.081 0. 080 0.068
o/MPa 300. 5 308. 6 300. 6 128.7
M/kg 6 195.4 6 213.0 6 248.9 7 542.3
x5 BHELARER
Table S5 Numerical test results
28 5% T it 1 13 0 T2/ %
J 0.081 m 0.079 m 2.530
o 300. 5 MPa 293.3 MPa 2.450
M 6 195. 4 kg 6195.9 kg 0.001
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