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Probability distribution of shear strength parameters using maximum
entropy principle for slope reliability analysis
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Abstract: This paper proposes a new method for modeling the probability distributions of shear strength parameters using maximum
entropy principle (MEP). First, the procedure for constructing the probability density functions (PDFs) of shear strength parameters
using MEP is presented. Then, Monte Carlo simulations are conducted to validate MEP for modeling the PDFs of shear strength
parameters and probability of slope failure. Moreover, the accuracy and robustness of MEP, Akaike Information Criterion (AIC) and
kernel density estimation (KDE) are compared. Finally, a dataset of shear strength parameters for residual soil is compiled, and an
infinite slope is adopted to demonstrate the application of MEP to the estimation of the probability distributions of shear strength
parameters and probability of slope failure. The results indicate that with limited shear strength data, MEP can effectively model the
PDFs of shear strength parameters and probability of slope failure. In comparison with AIC and KDE, MEP produces more accurate
and robust results for the PDFs of shear strength parameters and probability of slope failure. MEP not only avoids relying too much
on the limited shear strength data in KDE, but also overcomes the possibility of excluding the true probability distribution in the set
of candidate probability distributions in AIC. Furthermore, there are significant variations in the probability distributions of shear
strength parameters and probability of slope failure estimated from limited data.
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of relative errors in probability of slope failure
for various methods with sample size

5 &l

51 HiBEESHRBEIE
FESIE T S RN B B T U BY 5 S B R 73

A AL T S LA Rk, R i DAt iy
FAESEPR TREP N . (AR, Kb LR
LB SR SR L SE AR AR, A, ANEE
Fe T S ATUREA KIS 1 2R 5 A B
kK (M7 iR A P BY 5 B S AU B Bt . AL
e FH SCHR[23] AR BB 53 5 2 Kol s Bt 2 AT
grifre AR50 i P ARAR ok BT A et X A TR
R, 3R 3 han 1 24 HSS BT s B S H0A R
Hde. A, XRMBP/MEARESSE. T4
PRUCIGHHE , K SN I B ST U BY 55 2 2 0
BER I AT, N JE S IIL T SRR AT B Sk A, IR
FEA ST H o

R3 VIBHESEAKERE

Table 3 Measured cohesions and friction angles

Wi ”;a /ﬁ) R /éa “?)
1 9 33 13 10 37
2 14 30 14 11 33
3 19 25 15 14 29
4 13 32 16 7 35
5 8 36 17 12 33
6 12 31 18 16 31
7 18 29 19 12 34
8 8 33 20 12 34
9 9 30 21 8 35

10 11 29 22 6 38
11 10 35 23 9 32
12 14 31 24 16 31
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Table 4 Reliability results of slope stability produced by various fitting methods for shear strength parameters

N AR WA AT KRR
TERHFS —— ——— - =
KA Al SEFR AR R HES I KA LEEEIN
FS=12(H=5.00m, ¢=35.009 6.15%10-2 154 8.35%10-2 1.38 6.28>10-2 153
FS=13(H=3.72m, ¢=35.009 1.62x10-? 2.14 3.01>10-2 1.88 1.88x10-2 2.08
FS=14(H=2.96m, o=35.009 4.08x10- 2.65 1.08x10-2 2.30 5.61>10-3 2.54
FS=15(H=246m, o=35.009 1.04x10- 3.08 3.81x10°3 2.67 1.72x10-° 2.93
FS=12(H=5.00m, o=35.009 6.15%10-2 154 8.35%102 1.38 6.28>10-2 153
FS=13(H=5.00m, ¢=32519 1.23x10-? 2.25 2.43x10-2 1.97 1.54x10-2 2.16
FS=14(H=5.00m, o=30.349 2.08x10- 2.87 7.15%10-° 245 3.3110-3 2.71
FS=15(H=5.00m, o=28449 3.08x10 3.42 1410~ 2.98 5.54>10 3.26
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