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Optimization of Stress and Deformation of Culvert Gate by using RSM
and NSGA-II
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ABSTRACT: A valve is a marine structure that is subjected to multiple seawater loads. Therefore, it is necessary to define the kind of loads
applied to it to confirm whether the structure has sufficient strength. In this research, we aimed to find the optimal solution for the stress and
deformation of valves under various loads. We first selected design variables and implement a finite element analysis according to changes in the
thickness of each component of a valve based on a central composite design. Next we developed a regression model of the response surface. Using
this model, we calculated the optimal objective value based on NSGAAL Finally, to confirm the correspondence between the optimal objective value
and the real FEM value, we compared the optimal result and structural analysis result to verify the performance of NSGA1L
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Fig. 1 Layout drawing of valve

Fig. 2 Hydrostatic pressure in service
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Fig. 3 Hydrostatic pressure out of service
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Fig. 4 Diagram of tunnel valve under submerged flow condition
(Naudascher et al., 1986)
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Table 1 Analysis parameters

Loads Case 1 Case 2 Case 3 Case 4 Case 5
Self-weight (valve) 1.0 1.0 1.0 1.0 1.0

Hydrostatic
(operating)

1.0 - 1.0 1.0 1.0

Hydrostatic
(maintenance)

Hydraulic
downpull force
Seismic
Hydrodynamics
Seismic inertial force
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Table 2 FEM analysis results

Loads Case 1 Case 2 Case 3 Case 4 Case 5
Max. stress (kg/ sz) 1,284 1,345 2532 2940 2,342
Max. deformation >1» 5557 481 0584 0422

(z-dir, mm)

(a) Von mises stress (b) Deformation (z-direction)
Fig. 7 FEM (finite elements method) analysis result for Case 3

(using ANSYS)
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Fig. 8 Design variables
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NSGA-II (Deb et al., 2002)= W2 I ELE BIXH] &
7R} &a12]E(Fast elitist non-dominated sorting genetic algo—
rithm) © 2% B9, 7]&d AW A BF daels

2 olg@ Alwel £ 2 Wy A3 31
Table 3 Central composite design
x1(cm) x2(cm) x3(cm)
1 1.6 1.8 24
2 22 14 24
3 22 18 2.0
4 1.6 14 24
5 1.6 1.8 2.0
6 22 14 2.0
7 1.6 14 2.0
8 22 1.8 24
9 24 1.6 22
10 1.9 1.94 22
11 19 1.6 2.54
12 14 1.6 22
13 1.9 1.26 22
14 1.9 1.6 1.86
15 1.9 1.6 22
Table 4 FEM results
Stress(kg/cm’)  Displacement(cm) Weight(kg)
1 3,110 0.857 14,631
2 2,826 0.658 14,010
3 2,663 0.582 15,586
4 3,274 0.960 12,676
5 3,010 0.865 14,252
6 2,764 0.667 13,631
7 3,150 0.969 12,297
8 2,712 0.575 15,965
9 2,632 0.569 15,242
10 2,810 0.657 15,793
11 2,991 0.715 14,453
12 3,304 1.120 13,019
13 3,024 0.814 12,469
14 2,862 0.730 13,808
15 2,906 0.722 14,131
Table 5 Fitness
fi f fs
Stress(kg/ cm2) Deformation(cm) Weight(kg)

R Rzudj R Rzﬂd,' R Rzﬂd,'
0.9999  0.9996 0.9971 0.9919  1.0000  0.9999
(Horn et al, 1994)°] S (ATl B4, AYEFY] 7=, &
f gdEmE KgdEe S AP dugEes B =F
A= Aldig= 300, Q174 15022 AAstginh wkeEwyel o
3 e 22 S WY, aga A FA 9
e 4 (1% 2ok HEEAYE SR WY@ 2
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Pareto solutions of Valve using NSGA-II
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Fig. 9 Result of NSGA-II using Matlab (Attaway, 2009)
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Table 6 Compared with NSGA-II and FEM results

x(em)  x(em)  xs(em) fi(kg/em’) focm)

Min 1.984 1.812 2.00 2,871 0.581
NSGA-II Mid 2140 1.712 2.00 2,938 0.328
Max 1.684 1.874 212 3,114 0.238

Min 1.984 1.812 2.00 2914 0.593

FEM  Mid 2140 1.712 2.00 2,998 0.351
Max 1.684 1.874 212 3,199 0.249

Table 7 Compared with standard and optimization value

x1 X2  x3 MaxStress Displacement Weight
2,

(cm) (m) (cm) (kg/emy) — (cm) (kg)
Standard 220 150 240 2940 0.584 14,499
Optimiza 2,875 0.439 15,304

tion 212 178 2000 Dooy  (248%)  (+5.3%)

A3E 918 NSGAIE A83l9en, H&sl 2= AL pa
reto 3E Fig. 994l RT3 Qi o] ajo] FF4E ATty
A IR TS AYEiA AEAS Blud A=
Table 63} o] YESITH

71E9] FHujSEe 7|18 FAQ H$-ok FHs)e] S F
AR A5 vy o™ Table 72 2t T2 W3h= x9
A% 22eme] FA A 212cm 2 A, 19 A= 1.50cmol A
1.78em=Z 57}, 283 x39] 7% 240cmolA] 2.00cmZ HEE
Atk FA FA w2 2 HYHFS vws) 2 712 7]
B SAdME 2,940kg/cm’S} 0584cmE YERtOH, HHs=
Bolx] e gk 2H2} 2,875kg /e’ 9} 0.439emE LrERgT 18]
I FulEEe] A FA kS 712 AN 144%9%g, H
37} o] Fol AdEjellA] 15304kg o E YER o, AR
S UESTh

—
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ARZEAGT B 9%olde] =

NSGA-IIZ d
23lem, o] Pareto 3 Follx 3l sjFeh= SIS FEM 4 2
o} Blastolet. &8 WE-S 247} 98.5%, 97.9% HES] F&
YAE B Fom AxNS WSahHA vl &€

B 247} 22%9) 248%F A2AFT £ AT FvieE
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