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Deduction of probability distribution of M—C strength parameters
by Legendre polynomial

LI Xibing, ZHU Huanzhen, HUANG Tianlang

School of Resources and Safety Engineering, Central South University, Changsha 410083, China

Abstract Tt is a fundamental and important topic to study the probability distribution of M—C strength parameters in reliability
analysis of geotechnical engineering. The Legendre polynomial is introduced to infer the probability distribution functions of
geotechnical shear strength parameters. With the conventional triaxial test data as the original information, an information basis of
internal friction angle , friction coefficient { and cohesion ¢ is constructed based on combination theory and linear regression analysis
method. Subsequently, hypothesis testing of the probability distribution functions of sample data is conducted. The optional classical
probability distribution types of M-C strength parameters are normal distribution, as verified by limited comparison method. The
probability distribution functions of internal friction angle, friction coefficient and cohesion are deduced by Legendre orthogonal
polynomial numerical approximation method. The K-S test method is used to compare the results of the presented method and normal
distribution. It is shown that the K—S test results of probability distribution functions of M-C shear strength parameters deduced by
Legendre polynomial are smaller than those of the normal distribution and can be more close to the actual probability distribution.
Keywords probability distribution function; M—C strength parameters; the Legendre polynomial; K—S test method; combination
theory
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Table 1 Sample data for shear strength parameters of rock
A B/MPa @/(°) f ¢/MPa SR i /MPa
132.0786 6.0080 45.6114 1.0216 26.9425 —
114.6066 6.4707 47.0784 1.0753 22.5271 (5, 179.10)
136.2425 5.8941 45.2266 1.0079 28.0590 (10, 182.18)
124.6866 6.0575 45.7755 1.0274 25.3305 (15, 267.61)
133.3488 6.1619 46.1160 1.0397 26.8598 (20, 234.04)
131.3818 6.2523 46.4044 1.0503 26.2716 (25, 270.88)
133.5531 5.8124 44.9443 0.9981 27.6978 (30,3 16.42)
126.1897 6.2663 46.4485 1.0519 25.2052 (5, 179.10), (10, 182.18)
113.3976 6.4769 47.0972 1.0760 22.2787 (5, 179.10), (15, 267.61)
122.1957 6.4961 47.1549 1.0782 23.9717 (5, 179.10), (20, 234.04)
114.5138 6.5903 47.4346 1.0888 22.3036 (5, 179.10), (25, 270.88)
116.1692 6.1215 45.9851 1.0350 23.4765 (5, 179.10), (30, 316.42)
126.4671 6.0052 45.6021 1.0212 25.8038 (10, 182.18), (15, 267.61)
138.6011 6.0528 45.7602 1.0269 28.1681 (10, 182.18), (20, 234.04)
135.6651 6.1638 46.1220 1.0400 27.3221 (10, 182.18), (25, 270.88)
137.5068 5.7768 44.8195 0.9937 28.6056 (10, 182.18), (30, 316.42)
125.8268 6.1575 46.1018 1.0392 25.3537 (15, 267.61), (20, 234.04)
124.5847 6.1640 46.1226 1.0400 25.0902 (15, 267.61), (25, 270.88)
128.3022 5.6148 44.2388 0.9738 27.0729 (15, 267.61), (30, 316.42)
132.1588 6.6201 47.5220 1.0921 25.6823 (20, 234.04), (25, 270.88)
132.6843 6.3489 46.7064 1.0614 26.3294 (20, 234.04), (30, 316.42)
129.5891 6.5583 47.3401 1.0852 25.3014 (25, 270.88), (30, 316.42)
4 BTFHiLESTWABELNM-CEBESKIEE [P { 0 m#n "
A AR B ey S
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Table 2 Distribution parameters of Gaussian distribution
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Fig. 2 K-S test results of classical probability
distribution functions
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Table 3 Coefficients for fitting Legendre polynomial

28 PN B £ EHEZ AL BRI

- Js) ) /) Js) ) Ss) Js) ) Js)
@ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
@, 0.1232 0.1232 0.1232 0.0794 0.0794 0.0794 0.0907 0.0907 0.0907
a, -0.5079 -0.5079 -0.5079 -0.5212 -0.5212 -0.5212 -0.1997 -0.1997 -0.1997
a, -0.2013 -0.2013 -0.2013 -0.1530 -0.1530 -0.1530 -0.4238 -0.4238 -0.4238
a, 0.0787 0.0787 0.0787 -0.0800 -0.0800 -0.0800 0.2296 0.2296 0.2296
as -0.2307 -0.2307 -0.2307 -0.2680 -0.2680 -0.2680 -0.0227 -0.0227 -0.0227
ag -0.3785 -0.3785 -0.3785 -0.3060 -0.3060 -0.3060 -0.4814 -0.4814 -0.4814
a; 0.2935 0.2935 0.4210 0.4210 0.2108 0.2108
as 0.6203 0.5988 -0.0848

R4 EMIES MR K-SIELER
Table 4 K-S test results of probability distribution function of ¢
. N _ K-St R
X [aH B SEBRATR

M A b A @ @) )

(44, 44.7860) 1 0.0455 0.0085 0.0290 0.0304 0.0429
[44,45.3332) 4 0.1818 0.0130 0.0133 0.0224 0.0275
(44, 45.8804) 8 0.3636 0.0041 0.0104 0.0207 0.0110
(44, 46.4276) 14 0.6364 0.0284 0.0261 0.0265 0.0073
[44, 46.9748) 16 0.7273 0.0824 0.0575 0.0489 0.0317
[44.48] 22 1.0000 0.0279 0.0000 0.0000 0.0000
D, 0.0824 0.0575 0.0489 0.0429

Il 51 D, , 0.2807
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Table 5 K-S test results of probability distribution function of f
N . K-S ka4t
X [ LA BRI

= FrR SR TEAT 0 ) ()
[0.9657, 0.9935) 1 0.0455 0.0128 0.0301 0.0334 0.0441
[0.9657, 1.0132) 4 0.1818 0.0036 0.0020 0.0118 0.0150
[0.9657, 1.0329) 8 0.3636 0.0167 0.0300 0.0440 0.0329
[0.9657, 1.0526) 15 0.6818 0.0176 0.0580 0.0568 0.0378
[0.9657, 1.0723) 16 0.7273 0.0882 0.0658 0.0523 0.0369
[0.9657, 1.1106] 22 1.0000 0.0266 0.0000 0.0000 0.0000
D, 0.0882 0.0658 0.0568 0.0441

IEAE D, 0.2807
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Table 6 K-S test results of probability distribution function of ¢
K-SH s R
X ] g VN S R g %

[E§iS;3 FEAKL SBRATAR e e o e
[22,23.3332) 3 0.1364 0.0574 0.0323 0.0342 0.0327
[22, 24.3877) 5 0.2273 0.0106 0.0179 0.0239 0.0228
[22, 25.4422) 10 0.4545 0.0358 0.0651 0.0570 0.0565
[22, 26.4967) 14 0.6364 0.0009 0.0017 0.0027 0.0044
[22,27.5512) 18 0.8182 0.0069 0.0025 0.0029 0.0009

[22, 29] 22 1.0000 0.0648 0.0000 0.0000 0.0000
D, 0.0648 0.0651 0.0570 0.0565
I 5H1HE D, 0.2807
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