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Introduction

Methodology: Bayesian Networks

Which factor is critical 

or less important to the 

slope stability?

What is the probability of slope failure？

How the effect of the 

key factors on the 

stability of a slope?
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Bayesian Networks (BNs)

 Qualitative part

 Directed acyclic graph (DAG)

 Nodes : random variables

 Edges : direct cause influences

 Quantitative part*

 The joint probability of a simple BN,

 Calculation with evidence e: 𝑋2=T,

*Pearl, J. Probabilistic Reasoning in Intelligent Systems. Morgan Kaufmann Publishers, San Mateo, California, 1988 
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Limitation of traditional Bayesian networks

 Two main drawbacks of traditional BNs :

 The restriction to the use of only discrete nodes

 Limitation: Hybrid BNs

 continuous nodes and discrete nodes

 The input should be precise

 Limitation: imprecise nodes

 Interval  variables

 Discrete variables with bounds

 Imprecise probability

 …

Methodology: advanced BNs
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Enhanced Bayesian Networks(eBNs)

 Calculation of removing continuous nodes,

 The joint distribution for this network,

 The joint probability over the discrete variables，

 After further rearranged,
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Evidence on Continuous nodes

 A discretization approach for eBNs,

 For each sub-domains, the PMF of node X3discrete with 𝑖
states,
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Credal Networks

 CNs computation

 The joint probability of a simple CN with bounds

can be obtained as:
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 Each combination of input parameters with 
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Removing the unnecessary nodes with SRMs

 Low-cost computational methods*

 Inner bounds of the query probability

𝑃 ത𝑋1 = max ෍
𝑋2,𝑋3

𝑃( ത𝑋1, 𝑋2, 𝑋3
)

 Reduction of a simple CN (similar with eBNs approach),

Notes:

X1

X2 X2

X1

* S. Tolo, E. Patelli, and M. Beer, An open toolbox for the reduction, inference computation and sensitivity analysis of credal networks, Advances in 

Engineering Software 115, 126 (2018).

X3 X4 X5

Notes: node X2 should be characterized by a domain 

in the outcome space of its parents
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Formulation of an infinite slope failure 

 Factors of safety,

𝑐′-- cohesion ; 

𝜙′-- friction angle;  

𝛽 --slope inclination; 

𝛾𝑤 -- the unit weight of water, 9.81kN/m3.

𝑍 -- the total thickness of the soil; 

𝑍𝑑 , 𝑍𝑠𝑎𝑡 – unsaturated, saturated soil thickness.

𝛾𝑑, 𝛾𝑠𝑎𝑡 -- the dry and saturated unit weight of the material . 

 A slope is safe: FOS≥1, or unsafe  if FOS<1. 

 The failure model of the slope:

𝜙′

𝑐′
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The BN model of Slope Stability 

 Resist Force: 

 𝑐′

 𝜙′

 Soil water content

 𝛾𝑑
 𝛾𝑠𝑎𝑡
 𝑍𝑠𝑎𝑡

(The vertical stress = the product of its 

thickness and saturated or dry unit weight)

The BN of an infinite slope

cohesion

Conceptual model of the slope
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The BN model of Slope Stability 

 Water table: 

• Saturated Thickness

 Drainage influence

*Khanmohammadi, S and V. Hosseinitoudeshki. The effect of water level on the stability of slopes. Journal of Novel Applied Sciences, 2014 

The effect of water table on the slope*
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The CN model of Slope Stability 

 Imprecise nodes

 Interval variables：𝛾𝑑, 𝛾𝑠𝑎𝑡 , 𝑍𝑠𝑎t and the average of 𝑐′ and 𝜙′

 P-boxes: 𝑐′ and 𝜙′, 
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Example 1 

 The shape of the failure surface 

 Translational slip :

plane and roughtly parallel to the 

slope surface.

 Input parameters of the unsaturated soil,

𝑐′𝜙′
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Example implementation 

 The prior probabilities of node SF,

 The outcome space Ω𝑆𝐹 𝛾𝑑 , 𝛾𝑠𝑎𝑡 , 𝑍𝑠𝑎𝑡 , 𝑐
′, 𝜙′ :

 𝑃𝑓 − the failure probility of node SF;

 𝑃𝑠 − the safe Failure probility of node SF
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Results of example 1

 The failure probability,

 The influence of water table in the soil.

 Drainage problems for the Decision makers 
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Results of example 1

 The comparison with narrowing the observation in 

continuous nodes

 Slope failure probability updated with new information,

 Slope failure probability updated with further information,
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Example 2 

 Slope in residual soil from Porto

 Input parameters of the residual soil,
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Results of example 2

 The comparison with three different input information,

 The influence of Drainage,
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Conclusion

 Information updating of the advanced BNs is effective for 

the real-time decision making. 

 The results of CNs can be further accurate by use of P-

boxed.

 Advanced BNs are effective and feasible approach to 

assess the risk for the slope subject to drainage state.
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