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Compliance with a stability acceptance criteria

• Factor of safety

• Probability of failure

• Size of failure

Scale of analysis

• Bench configuration

• Interramp slope

• Global slope

Techniques

• Limit equilibrium

• Numerical modelling

Outcome

• Final design -> slope geometry

Stability analysis
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Bench, interramp and global analysis

N

FS<1.0
1.0<=FS<1.3
1.3<=FS<1.5
FS>=1.5

FS

Bench-berm analysis Stability analysis
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Simple and complex modes of failure

Complex modes of failure

Planar 

failure

Wedge 

failure

Toppling 

failure
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RTKC reliability-based design acceptance criteria table of Factory of Safety for overall slope (ME Robotham, 2021)

Design acceptance criteria
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The principal function of the benches is to provide a safe environment for 

personnel and equipment that must work near the slope face. Accordingly, they 

must satisfy needs for:

• Reliability, which requires stable bench faces and bench crests

• Safety, which requires bench widths sufficient to arrest and mitigate the danger of 

rockfalls and contain any spillage from the benches above.

(LOP guidelines, 2009)

Geotechnical design process
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Example of structural domains and joint sets
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Assumption

• Catch bench width (by design) is input and determined to 

provide enough retention to contain spillage from every 

potential failure from above benches.

• Bench height is also input based on ore selectivity.

• Bench width (m) = 0.2 x bench height +4.5 m (Ryan & 

Pryor, 2000)

Acceptance criteria

• Establish a bench reliability that usually is 80%

Bench geometry

• Bench face is an output to determine bench geometry 

and interramp angle constrained by bench retention. 

Backbreak anaylsis
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Backbreak analysis
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Backbreak analysis
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Example of application

Adapted from Hormazabal et al, 2015

Geotechnical information

• Structural domains

• Faults

• Spacing

• Persistence

• Properties of structures

Operational registers

• Ground condition

• Structures forming blocks

• Register of unstabilities

Geometry

• Actual pit wall

Calibration 

information vs 

ground conditions
Behaviour of 

structural systems
Kinematic analysis

Calibrated 

information

Bench-berm 

analysis

Bench scale slope analysis

Acceptance criteriaChange geotechnical design geotechnical design
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Structural condition impacting bench performance
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Calibration of results
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Compliance with acceptance criteria

Hormazabal et al, 2015
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Runout analysis

Assumption

• Bench face is an input determined by equipment capacity 

to dig a certain angle.

• Bench height is also input based on ore selectivity.

Acceptance criteria

• Establish a catch bench runout retention usually 80%, to 

contain a failure of the above bench.

Bench geometry

• Bench width is an output to determine bench geometry 

and interramp angle constrained by bench retention. 

Runout
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• For each structural domain

• For each Bench failure mechanism

• Number of stable and unstable cases 

(probability of failure)

• Each failed volume determine a spillage 

length and backbreak

Runout length estimation

From DERK, 2014. Internal study for BHP Spence.
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Runout length estimation for each bench failure mechanism

From DERK, 2014. Internal study for BHP Spence.
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Results of bench geometry for a structural domain

From DERK, 2014. Internal study for BHP Spence.
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Results of bench geometry for a structural domain
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