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Inference method for optimal probability distribution function of shear
strength parameters in geotechnical engineering
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(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: The inference of optimal probability distribution of shear strength parameters is the basis and premise to ensure the
accuracy of reliability calculation in geotechnical engineering. The existing studies suggest that most of the shear strength
parameters obey the normal or logarithmic normal distribution. However, because the actual distribution range of geotechnical
parameters is very limited, the problem that range mismatches between the defined interval of normal distribution or
logarithmic normal distribution and the actual distribution interval of geotechnical parameters is inevitable. Considering the fact
that there is a certain degree of skewness for the distribution of most geotechnical parameters, based on the "3 ¢ " principle, a
distributed interval determination method adjusted with the skewness is proposed. Three groups of samples of the internal
friction angle of batholiths from water conservancy and hydropower projects are treated as examples, and the normal
information diffusion method (NID method) is used to infer their respective probability distribution function. The K-S test
method is also introduced to test the fitting degree. At the same time, in order to investigate the influence of sample sizes on the
fitting accuracy of the normal information diffusion method and the typical distribution fitting method, eight groups of samples
are produced using the Monte-Carlo method, and the sample size is 15, 20, 30, 50, 100, 200, 500 and 1000. The results show
that, regardless of the actual or simulated samples, compared with the logarithmic normal distribution (obtained by the typical
distribution fitting method), all the test values of the normal information diffusion distribution are lower than those of
lognormal distribution, and tend to converge with the increase of the sample sizes.
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Table 1 Sample data of geotechnical parameters

AR RE FEARZAE/(CC ) SRR

| 25 11.86,14.04,13.50,10.20,11.31,12.95,12.41,13.50,12.95,15.64,16.17,17.22,20.81,20.81,25.64,22.29,24.70, itk

26.10,22.78,19.80,17.74,20.81,20.30,20.30,27.47 [18]
48.74,49.96,46.67,60.95,55.95,55.95,57.17,43.23,34.22,37.95,55.22,52.43,37.23,45.0041.35,30.11,41.02, .

2 42 48.24,30.54,27.02,32.21,38.66,41.02,45.29,38.66,36.13,34.99,46.67,38.66,38.31,33.82,47.73,30.96,45.57, ﬁff
33.02,27.47,40.36,20.81,39.01,20.81,30.96,32.21
20.78,25.45,22.22,23.30,24.78,20.06,18.77,24.76,18.49,22.95,24.75,23.66,17.02,23.1,20.07,16.63,21.03,

\ o 23.62,22.70,20.43,21.41,22.81,22.14,22.28,22.13,22.87,24,18.70,22.33,21.37,21.3,22.75,19.92,19.20,22.68,  Cfik

21.56,26.14,23.44,22.05,22.47,20.58,22.50,20.65,27.34,21.14,23.63,22.83,20.28,21.19,23.09,22.56,23.7, [19]
27.03,25.60,23.74,21.44,27.31,26.81,26.18,23.29,22.62,30.32,27.20
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Table 2 Calculated results

B SEUES MBS i DX ] FRAE 1 190 (E R ER =R 5 R R L
A U o S BREUE X [H] frdme AR WEFME LN NID LN NID

1 28533 02914 0.1943 [u-30,u+(B+c)o] 26990 343994 0.2640 0.0710 0.0034 0.9906 1.0000
2 36664 02519 01282 [u-3o,u+(B+c)o]  11.2918 705322 0.2099 0.0233 0.0172  0.9904 1.0000
3 31141 0.1138 03029 [u-3o,u+(3+c)o] 149345 31.1580 0.1713 0.0715 0.0109 0.9977 0.9999
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Table 3 K-S test results of sample No. 3
B [ f ﬁZIK%ﬁ [Fu(x)- Fox)|
R EW LN NID

(14.9359,16.7380] 1 0.0159 0.0114 0.0029
(16.7380,18.5401] 2 0.0476 0.0038 0.0019
(18.5401,20.3422] 7 0.1587 0.0275 0.0001
(20.3422,22.1443] 15 0.3968 0.0454 0.0029
(22.1443,23.9465] 24 0.7778 0.0715 0.0109
(23.9465,25.7486] 6 0.8730 0.0080 0.0048
(25.7486,27.5507] 7 0.9841 0.0222 0.0105
(27.5507,29.3528] 0 0.9841 0.0059 0.0000
(29.3528,31.1549] 1 1.0000 0.0023 0.0001
Dn — — 0.0715 0.0109
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Fig. 1 Comparison of probability density function curves of samples with two methods
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