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Determination of soil mechanical parameters by Bayes-Bootstrap method
and reliability analysis of foundation pit excavation
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(1. Faculty of Civil Engineering and Mechanics, Kunming University of Science and Technology, Kunming
650500, China;2. Guangzhou Company of China Railway Third Bureau Group, Guangzhou 510000, China)

Abstract: The accurate value of geotechnical parameters is the basis of engineering design, but it costs a lot to obtain accurate
information of geotechnical parameters. Bayes method can make full use of the sample and the prior information, deduce the
posterior distribution, and achieve good results in parameter prediction. However, the amount of survey sample data is usually
small. If the surveyed sample size is modified and adjusted as prior information, and then the improved Bayes-Bootstrap
method based on interpolation is introduced to expand the survey sample size as the sample information, the Bayes large
sample method and Fisher information amount can be used to obtain the posterior distribution of geomechanical parameters (in
the state of solid fastness) and the parameter convergence value of the geotechnical parameters of a stratum when the sample
size of the survey approaches infinity, and the value is used as a representative value that can accurately represent the stratum
information. It is found that when the sample size increases, the reliable convergence value of geotechnical parameters
gradually approaches the posterior mean value, and the posterior mean value is related to the sample mean value and sample
size to a certain extent. After obtaining the convergence value of parameters in each layer, the minimum sample size required
for accurate parameter value is found in turn. Taking the excavation process of a foundation pit as an example, the reliability
of the parameters determined by the Bayes-Bootstrap method is verified by the comprehensive comparison between the
measured monitoring data and the finite element simulation data.
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Fig. 1 prior information distribution
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Tab.1 K-S test of probability distribution of geotechnical parameters
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Fig. 3 Sample, prior and posterior probability distribution of mechanical parameters
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Fig. 6 Flow chart of foundation pit excavation
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Tab. 5 Values of geotechnical parameters of different strata in foundation pit excavation simulation analysis

2 G5 Es/MPa v r/kN « m~* ko TFeat e
(1)1-2 1+ 3. 00 0. 30 17. 00 0. 60 17. 80 1. 45
(2)2-2 B+ 2. 60 0.42 12. 20 0.71 20. 30 5.22

(2)3-3 %5+ 3. 00 0. 40 17. 30 0. 66 20. 30 1.27

(3)2-3 %+ 4. 00 0.38 17. 77 0.62 21.00 1.07

(3)4-3 By ab 10. 00 0. 25 18. 20 0. 33 21. 00 1. 02

(4)2-3 %+ 4. 00 0.41 17. 46 0.70 21. 00 1.18
(4)3-3 #hi iy + 6. 50 0.30 17. 94 0.43 21. 00 1.07

(4)4-3 b 10. 00 0. 25 20. 00 0. 33 21. 00 1.07

(4)5-3 40k 12. 00 0.25 19. 00 0. 33 21. 00 1. 10

(5)2-3 &+ 4. 50 0. 35 17. 29 0.55 21. 00 1.27
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Tab. 6 Values of geotechnical parameters ¢ and ¢ during simulation calculation

W G Bayes % : Z LTk :
n/A~ ¢/kPa o/ () n/A ¢/kPa /(%)

(1)1-2 ##E+ 12 13.8 4.2 60 15. 00 5. 00
(2)2-2 et + 12 11.4 3.6 60 12. 00 4. 00
(2)3-3 %+ 12 15.1 3.4 60 16. 00 4. 00
(3)2-3%+ 12 15. 4 3.4 60 16. 00 5. 00
(3)4-3 ¥yab 12 3.8 23.2 60 4.00 25. 00
(4H)2-3 %+ 12 18.1 4.1 60 19. 00 4. 00
(4)3-3 #i ity + 12 11.7 9.8 60 12. 00 11.00
(4)4-3 ¥ ab» 12 3.8 25.3 60 4. 00 27.00
(4)5-3 4H#b 12 3.7 32.9 60 4.00 35. 00
(5)2-3 &+ 12 18. 1 6.4 60 19. 00 7.00
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Fig. 7 Layout of monitoring points and section selection for deep horizontal displacement of foundation pit
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