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Abstract: The values of soil layer parameters in geotechnical engineering were determined according to field and laboratory
test data with classical statistical methods, without use of the prior information. Unlike classical statistical methods, the
Bayes method combines samples from the perspective of prior distribution to deduce the posterior distribution, providing a
new analytical method for the evaluation of geotechnical parameters. The geotechnical engineering survey makes a random
sampling of the overall strata. The density function of the sample distribution is determined when the sampling is

completed. Therefore, the posterior distribution in the Bayes method depends on the prior distribution, and 2 different sets
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of prior distributions were derived: the prior distribution and the conjugate prior distribution were determined with the prior
information. Through calculation of the parameters in the posterior distribution, with the sample generally conforming to
the normal distribution of N(u,07), unknown parameters x4 and o were analyzed, the interval lengths of the posterior
distribution under different prior distributions were comprehensively compared, and the prior distribution selected for the
optimal posterior distribution in the Bayes inference of the geotechnical parameter was given. The results show that, the
posterior distribution in the conjugate case is always shorter than that in the absence of information, and the probability
density function distribution is more centralized and the value determination is more convenient. Under the overall normal
situation, the extreme value method obtained based on the joint posterior distribution of unknown parameters u and o to
determine maximum probability mean u,,,, and variance o, in the sample as the adopted values in the engineering design,

provides a way for the value determination of geotechnical parameters, and has engineering significance.

Key words: mechanical parameter; Bayes method; prior and posterior distributions; u,0 joint distribution; posterior
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soil name sample size N fal kPa index name index value
200 c/kPa 16.7,50.6, 12.10, ---, 32.9, 28.7, 30.5, 46.4, 42.7, 3.3
4-1 peaty soil 50
200 ©/(®) 6.1,3.8,5.2,:+,3.6,6.9,6.6,6.1,9.8,9.8,2.3
190 c/kPa 18.5,20.1, 20.3, 20.6, -+, 31.5, 31.8, 32.7, 34.8
4-2 silty soil 80
190 @/(°) 15,15, 14,123, ---, 18, 18.1, 18.4, 18.6, 18.7, 19.3
210 c/kPa 34.44,30.16, 28.53, 38.30,:--, 29.66, 31.54, 6.64
4-2 clay 90
210 ©/(°) 5.91,5.69,7.24, -+, 6.71,5.10,7.21, 5.21
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Fig. 1 Sample probability distribution diagrams of average value # of rock and soil mechanics parameters
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Table 3 Basis for selection of soil mechanics index distribution model

index number in fig. 1 CcCv absolute value of S;, type of density function
He,ps (a) 0.232 07 0.015 89 normal distribution
Uy, ps (b) 0.216 97 0.023 64 normal distribution
He g (c) 0.163 66 0.016 38 normal distribution
Uyt (d) 0.088 32 0.022 41 normal distribution
He o (e) 0.10 195 0.027 14 lognormal distribution
Hy ¢ (f) 0.099 91 0.024 58 normal distribution

(] B ] A A - 22 2R R A ek, Wk 4 Por.
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Table 4 Calculated prior and posterior distributions with prior information

soil name mechanical parameter a B sample distribution f( x|u) o posterior distribution 7( | x) oc
(x—28.8) (x—28.8)° L (=29, 6)
. 29.6 12.8 - -
He BXP{ 2% 10.37 exp 2074 256
4-1 peaty soil
u s6 514 o _(x=5.95) exnd (x—5.6)% L =S, 95)?
¢ ' ' Pl 2x154 P 428 3.08
(x=26.75)% (x=26.75)% L (=26, 3)?
He 26.3 7.57 exp{— %54 expq — 1038 554
4-2 silty soil ) ) 5
(x—16.44) (@-1644° (- 15 9)
16. 2. -
He 6.83 59 exp{ 7324 exp 513
(x—29.4) (x—29.86)* L G- 29 4)?
29.86 5.20 - -
He e"p{ 2%45 o 10.4
4-2 clay e o2 e
(x=5.47) (x—5.592 (x-5.47)
5.59 1.1 - - +
He xp { 2%09 } exp { ( 22 18 )}
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(f) The mean internal friction angle of the clay
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Fig.2 Gamma density function distribution diagrams of 1/0- for mean value x of rock and soil mechanical parameters

® 6 LR, B BESEOTRE
Table 5 The hyper parameter calculation table of conjugate prior and posterion distributions
soil name index n X u s r Ie k k, (%) Vy On
¢ 40 27.87 kPa 28.8 kPa 12.1 5.62 1.02 1.23 40.86 27.89kPa  45.62 10.37
4-1 peaty soil
¢ 40 5.44° 5.95° 2.14 7.52 4.02 0.72 40.72 5.45° 47.52 1.86
¢ 38 26.33kPa  26.75kPa 7.57 4.44 1.58 0.71 39.58 26.3 kPa 42.44 6.64
4-2 silty soil
¢ 38 16.84° 15.9° 2.58 3.86 6.26 0.93 41.86 16.8° 41.86 2.32
¢ 42 29.81kPa  31.35kPa 5.20 12.58 0.1 0.86 42.86 29.8 kPa 54.58 4.003
4-2 clay
@ 42 5.68° 5.47° 1.1 14.84 0.54 0.82 42 .82 5.6° 56.84 0.803
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Fig.3 The posterior distribution probability density curves of mean value 4 of peat ¢ and ¢
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Fig. 4 Joint distribution diagrams of unknown parameters
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Table 6 The transformation table of probability distribution functions of geotechnical engineering parameters
distribution type probability density function normal distribution u normal distribution o
. 1 (x—p)
normal distribution fop,0) = —— BXP{* o
\V2no 202 #
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yx VZTI 2y H= B
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( )" 1 2
e . 1 1
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