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Multi-objective shapeoptimization of concrete gravity dam based
on XGBoost-PSO

TONG Dawei, YANG Chuanhui, YU Jia, WANG Jiajun, WANG Xing

(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300350,
China)

Abstract: Shape optimization has always been a significant content in gravity dam design. Previous studies have been based
on static safety standard to obtain the most economic section. However, due to the huge destructive force of earthquake on
structures, it is necessary to consider the impact of earthquake conditions and structural safety reliability. Therefore, this
paper studies the multi-objective optimization method of gravity dam based on economy and seismic safety. In view of
previous research taking section parameters as the single variable and lack of considering the influence of material properties
for project cost and seismic safety, this paper constructs a variable system including both section parameters and material
properties. Base on the characteristics of high complexity, nonlinearity and multi-peaks of gravity dam optimization,
XGBoost-PSO Algorithm is proposed to optimize the design scheme, so that the optimization has good accuracy. A gravity
dam is taken as an example to conduct shape optimization. Firstly, the multi-factor evaluation system with comprehensive
economy and safety indicators is put forward; secondly, based on the ABAQUS software to analyze the static and dynamic
model of the gravity dam, and then the variable-weight efficiency coefficient method is used for quantitative evaluation based
on the finite element calculation results; Finally, XGBoost-PSO Algorithm is used for optimum seeking to obtain the final
optimization scheme. The results show that, the economy and seismic safety indexes of the optimization scheme have been

significantly improved compared with the initial scheme.
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Fig.2 Economy and safety evaluation index system
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Tablel Mechanical parameters of concrete and bedrock

PR #E/ (kg/m®) AR (GPa) ZHAHMERE/ (GPa) IEE N
kL C25 2400 28 42 0.167
ks 2760 10.5 10.5 0.23




5 ik

2 FHbKAL
3 ZeHaL 4 Sk

0 20 40 60 &0 100 120 140 160 180

Rl FEHIPERE (w)
6 ¥IAF RIA-HEHRTREY 7 BENSEE
Fig.6 Dam-foundation model of initial scheme Fig.7 Uplift pressure distribution

AR AR 100 SR 2% MR SN/ E Oy B ARt 2 N THUR B &9
BUNGERT = B IE N RE 2T — AL BT, Wi 8. B 9 o B RBAT RN AT AL RE R AR A R
Wiy, SR AR5 N T3 SR HEAT B0 53 SRR,

1

0.8
08 0.6
0.6 0.4
S g2
02 oo
o, 02
= =
=02 = -04
04 -0.6
0.6 08
-1
0 5 10 15 20 0 5 10 15 20
B ] /s B8] /s
8 NGi3AT T2 An iR BE A 72 9 EHEMERERIE
Fig.8 Acceleration time history along the river Fig.9 Vertical acceleration time history
4.2 SRR
a P R A Kt o

RT3 BT A B g (IR ISR B . BT O BB . T T I s P AT R ek
FPURBREE) , RAIECHAE AR T 430 AABAARE TR, WitZESILE 2,
FWE 3.

R2OWHTEBHHNE

Table 2 Distribution of optimization variables

X1/(m) X2/(m) X3/(m) X4/(10*Pa)
RN 6 60 96 145
FIRE 24 100 132 226
FHME 15 80 114 184
S 5 A B 1 2 2 6
R4 e 19 21 19 14

®IETEXMBENRESR
Table 3 Scheme based on orthogonal sampling

A X1/(m) X2/(m) X3/(m) X4/(10°Pa)
0 17.5 70 132 178
1 6 66 130 145
2 6 100 116 151
3 6 76 126 157
4 6 86 124 163
427 24 90 120 214
428 24 60 118 220
429 24 74 08 226
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Table4 Comparison of optimization results
Bt AR i W4k [T S IS SO S et
N AR T % NIRIE L PRE TT&
X1 (m) 17.5 6 24 234
X2 (m) 70 60 100 66.3
x3 (m) 132 96 132 107.6
X4 (104Pa) 178 127 226 178.3
L S(10°m?) 16.5 13.1 16.9 13.8
W% L(m) 16.7 43 272 10.6
RER E(10%)) 13.5 8.8 225 14.7
HAL{E D 70.7 64.5 84.7 85.2
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