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Inversion method for constitutive parameters of gravel pile composite foundation
based on multi-output machine learning

Qian Zelong' , Cen Weijun', Liu Dong’, Qian Jiahao', Zheng Changhai', Han Jianhua®
(1. College of Water Conservancy & Hydropower Engineering, Hohai University;
2. POWERCHINA Zhongnan Engineering Corporation Limited)

Abstract: To address the problems of low computational efficiency and difficulties in multi-objective optimization during the inversion of
constitutive parameters of the Duncan E-B model for gravel pile composite foundations, an intelligent inversion method integrating a
radial basis function (RBF) surrogate model and a multi-objective rime ( MORIME ) optimization algorithm was proposed. In this
method, Latin hypercube sampling was adopted to construct the parameter sample set; an RBF surrogate model was established to
replace finite element computations; the MORIME optimization algorithm with a local exploitation strategy was introduced to achieve
rapid inversion. A single-pile static load test at a pumped storage power station was taken as an example to verify the parameter
inversion of the Duncan E-B model for the gravel pile and the surrounding soil. The results show that the inversion method has high
inversion accuracy; the coefficients of determination of curves at different monitoring points obtained by substituting the optimal inverted
parameters back into the finite element computations are all above 0. 99; the dual-mode local exploitation strategy can significantly
optimize key objectives and reduce the number of iterations for convergence. The SHAP sensitivity analysis further shows that the
surrounding soil parameters K and K| have a significant influence on the pile-top displacement and the soil stress near the pile top.
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Fig.1 Flowchart of multi-objective evolution mechanism
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Fig.2 Parameter inversion process for gravel pile composite foundation based on RBF-MORIME inversion method
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Table 1 Results of field single-pile static load test

" ] i 77/kPa
&/kP b TRV A%/
firgk/kPa  HETAI S/ mm o FHAL
60 -19.3 110. 4 46.8
120 -43.2 177. 4 95.0
180 -65.5 240.3 143.9
240 -94.1 274.0 176.9
300 -117.3 336.8 214.8
360 -148.3 424.0 238.9
420 -172.5 550. 1 298.3
480 -209.3 615. 1 330.9
540 -237.1 748.3 375.8
600 -272.9 860. 0 400.3
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Fig.3 Three-dimensional finite element model
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Table 2 Known constitutive parameter values and ranges of parameters to be inverted

MR p/(gem’)  @/(°) Ag/(°) c/kPa K n Ry K, m

R 2.24 52.1 7.0 1317.9 0.31 0. 60 680. 8 0.04
AT 2.26 38.0 0 800~1000 0.20~0.30 0.82 350~500  0.17~0.27
BEE 4 1.60 26.4 42.1 75~125 0.65~075 0.58 45~75 0.45~0.55
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Table 3 Inversion parameters and corresponding finite element computation results

ﬁiﬁ WAHE FEJH £ HE TR ES/mm B Jia) Jif 77/ kPa
5 K n Ky, m K n K, m BT HEJE £
1 830.7 0.30 492.5 0.19 104.0 0.68 66.7 0.49 -18.5,---,-255.3 107.0,---,847.8 47.7,---,393.3
2 867.9 0.27 396.4 0.25 109.0 0.67 70.9 0.52 -18.2,---,-250.8 86.3,--+,779.3 47.8,---,399. 8
3 906.3 0.21 482.3 0.22 92.3 0.71 57.5 0.54 -23.3,.--,-287.4 83.8,--+,894.8 46.8,---,381.0
99 955.3 0.23 420.9 0.18 111.7 0.65 64.9 0.52 -18.1,---,-248.9 108.5,---,833.9 47.9,---,398.0
100 935.7 0.23 467.5 0.23 110.1 0.68 61.7 0.48 -18.2,---,-251.0 109.3,---,856.3 47.8,---,394. 1
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Fig. 4 Comparison between calculated finite element values and experimental values
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Fig.5 Comparison of effects of local exploitation strategy
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Table 5 Inversion accuracy and time consumption under different sample numbers

RZ

FrAL W WREmn WEEERms
100 0.9986 0.9967 0.9942 6224
150 0.9978 0.9970 0.9946 9358
200 0.9980 0.9971 0.9948 12955

HIRITk 0.9992 0.9976 0.9952 107158
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