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Multi-objective optimization algorithm of a foundation pile
considering the uncertainty of soil parameters

WU Xingzheng, LIU Weichao
(College of Civil Engineering and Architecture, Hebei University, Baoding 071002, Hebei, P. R. China)

Abstract: In order to obtain the optimal design scheme of a foundation pile that meets the reliability
requirements, the construction cost of foundation piles should be reduced as much as possible under the
condition of effectively controlling the settlement of foundation piles. In this paper, the foundation pile of the
China Zun Mansion 1s taken as an example, and the inherent uncertainty in the ultimate resistance of soils is
considered. The non-dominated sorting genetic algorithm-IT (NSGA-II) is used, which includes the non-
dominated solution selection sorting and crowing distance comparison for individuals in a population. In this
algorithm, the pile diameter and pile length are regarded as optimal design variables, the targeted reliability
index of the bearing capacity for foundation pile is taken as constraint condition, and the minimum engineering
cost and the lowest settlement is taken as an objective function. The Pareto optimal solution set is obtained, and

a few shortcomings are resolved, such as the poor optimization performance and slow speed of traditional multi-
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objective optimization methods in the absence of experience. Moreover, each solution in the Pareto optimal

solution set is weighted by using the TOPSIS method based on the entropy weight theory, the best scheme is

chosen with the largest relative closeness. The results show that the chosen scheme is slightly better than the

original design scheme in terms of construction cost and pile settlement, which demonstrates that the proposed

optimal design method for foundation piles is feasible.

Keywords: foundation pile; uncertainty; genetic algorithm; optimization design; optimal solution set
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Fig.7 Pareto optimal solution set
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Table 3 Pareto solution set that meets the reliability

index requirements

FY o MRB/m HKD/m| F5 HAB/m #EKD/m
1 1.1 45.99 11 1.6 42.60
2 1.2 45.69 12 1.7 44.19
3 1.2 43.42 13 1.7 42.37
4 1.3 45.39 14 1.8 43.89
5 1.3 43.30 15 1.8 42.08
6 1.4 45.09 16 1.9 43.59
7 1.4 43.18 17 1.9 41.85
8 1.5 44.79 18 2.0 43.29
9 1.5 42.73 19 2.0 41.40

10 1.6 44.49
0.24 045
0.27 0.41
: : (23)
0.55 0.23
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Table 4 Sorted solutions set based on the relative closeness
Wy Fi4E B/m K D/m A C/oT PR S/mm B E AL 4 ERBRTEI R < DU S,
1 1.1 45.99 60 639.49 11.39 0.143 0.257 0.643
2 1.2 45.69 67 336. 27 10. 33 0. 140 0.250 0.641
3 1.2 43.42 64 073. 38 10. 82 0.152 0.268 0.638
4 1.4 43.18 78 957. 41 8. 96 0. 140 0.243 0.635
5 1.3 43.30 71 234.58 9.96 0.168 0.275 0.620
6 1.5 42.73 86 589. 78 8.26 0.145 0.235 0.618
7 1.3 45. 39 74 582. 4 9.41 0.180 0.288 0.615
8 1.4 45.09 82 355.99 8. 65 0.198 0.298 0.601
9 1.6 42.60 95 340.95 7.67 0.154 0.228 0.597
10 1.5 44.79 90 647.97 7.99 0.220 0.311 0. 586
11 1.6 44.49 99 449. 29 7.42 0.165 0.223 0.575
12 1.7 42.37 104 400. 1 7.09 0.179 0.219 0.551
13 1.7 44.19 108 750.9 6.93 0.194 0.214 0.525
14 1.8 42.08 113 800. 7 6.68 0.211 0.212 0.501
15 1.8 43.89 118 543.7 6.49 0.229 0.211 0.479
16 1.9 41.85 124 122.6 6.32 0.250 0.209 0.456
17 1.9 43.59 128 818.7 6.11 0. 268 0.213 0.443
18 2.0 41.40 133 670.8 6.07 0. 287 0.211 0.424
19 2.0 43.29 139 566.9 5.77 0.310 0.222 0.417
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Table 5 Comparison between the original design scheme

and the optimal scheme

B AL H 7 b L
S X ‘ o ULRER
BE£E B/m  MEK D/m i C/oC
S/mm
R % 1.2 44.6 65 769.51 12.29
I % 1.1 45.99 60 639.49 11.39
SE¥E LA —8.33% +3.12% —7.80% —7.32%
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