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Complexity of failure mechanisms

5 |

Stead, Eberhardt & Coggan 2006 Developments in the characterization of complex rock slope

deformation and failure using numerical modelling techniques. Engineering Geology 83 (2006) 217ï235
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Who we are

TSLOPE development by small team led by Peter Wood, 

Wellington (New Zealand)

Technical direction from Dr Ian Brown (Wellington) and 

Professor Nicholas Sitar (University of California, 

Berkeley)

Web based delivery of software and support

Web site  www.tagasoft.com

http://www.tagasoft.com/
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TSLOPE history

Å1989 first 3D analysis program developed for design of 

Puente Hills landfill (Southern California), using LA 

County method of force equilibrium.  

Å2009  Spencerôs method extended to 3D.

Å2016  fully integrated 2D and 3D analysis using the same 

geotechnical model.
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Why have we developed yet another slope stability 

program?

ÅThe world is 3D and so is TSLOPE

ÅOur integration of 3D and 2D analysis is unique

ÅWe can provide a cost effective solution using SaaS

ÅWe have no defaults or artificially imposed restrictions on 

slide surface geometry

Åñyou must always check against another programò Steve 

Wright (2013 Seed Lecture) 
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Why do we carry out slope stability analyses ?

ÅTo get a numerical value that we can assign to the 

stability (or otherwise) of a slope ïthe factor of safety.

ÅTo confirm something we already know ïthe slope is 

stable, or it is unstable.

ÅTo back calculate the material strength following 

observed slope failure.

ÅTo satisfy a regulatory requirement eg. factor of safety 

greater than 1.5.

ÅTo provide insight into slope behaviour.

ÅTo assist with slope design ïexcavation geometry, 

drainage, reinforcement
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Why do we continue to use 2D limit equilibrium slope 
stability analysis ?

ÅThere is a long history of use.    

ÅSlope geometry does not vary in the direction 
perpendicular to the cross section analysed.

ÅFew acceptable 3D programs; they generally use 
simplified assumptions that limit applicability to real 
problems.

ÅAlternative numerical methods are complex and require 
material properties that are difficult to measure or 
estimate.
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Why we should carry out 3D slope stability analyses 

ÅWe now work in a 3D world with most other computer 

applications (GIS, CAD, geological modelling, mine 

planning).

Å3D geometry often has significant influence on slope 

stability, e.g. wedge like geometry or bottle mouth 

canyons.

Å3D slope data becoming increasingly easy to acquire 

(e.g. laser scanning) and use. 

ÅAll this leads to a better understanding of the nature of 

slope failure mechanisms.
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TSLOPE highlights

ÅTSLOPE  - a program for 2D and 3D slope stability 

analysis;  from wedge failures in open pit mines defined 

by rock structure, to landfills where failure is possible 

along a geofabric liner.

ÅOrdinary Method of Columns allows for evaluation of 3D 

effects, provides for calculation of local factors of safety 

which indicate the possibility of progressive failure.

ÅImplementation of Spencerôs method in 3D provides a 

way of checking and comparing with previous results 

using methods that fully satisfy equilibrium.
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3D Ordinary Method of Columns  

ÅCalculates overall factor of safety as ratio of sum of 
resisting forces over sum of driving forces.

ÅAlways get a solution ïthere are no iteration or 
convergence issues.

ÅUsed as starting point for Spencerôs analysis.

ÅAutomatically get local factors of safety for individual 
columns.

ÅLocal factors of safety provide an indication of the 
potential for progressive failure.
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3D Spencerôs analysis method details

ÅUse minimization to determine best estimate for global 
equilibrium, including sliding direction.

ÅFor symmetric problems, achieving ñexactò global 
equilibrium is often possible.

ÅFor asymmetric problems, typically get within a few 
percent of ñexactò global equilibrium.  

ÅMethod is robust. It also calculates out of balance forces 
and moments, thus providing estimate for ñerrorò of the 
result.  

ÅAlways get a solution ïwe donôt have an error message 
ñalgorithm failed to convergeò.
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Slope model definition

ÅMultiple surfaces can be input.

ÅComplex slope geology accommodated with layers or 
zones.

ÅGeology independent of topography and excavation 
surfaces.

ÅSlope failure surfaces pre-defined, arbitrary 3D shapes, 
or complex surfaces developed constrained by layers.

ÅGroundwater as phreatic surfaces, or pore pressure 
surfaces.

Å2D sections automatically extruded to 3D.

ÅImport and drape geo-referenced images.

ÅTension crack outlines to constrain failure.

ÅRock reinforcement ïanchors.
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Example 1   Open pit mine slope failure
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Geological model developed using Leapfrog3D

Field geology sketch draped on open pit topography; surface trace 

of faults located in x,y,z with structural markers
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Geological model exported from Leapfrog3D

Fault planes modelled, then combined to give a continuous failure surface
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Individual surfaces imported to TSLOPE in .obj format
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TSLOPE model ïpurple columns included in 3D stability analysis
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View of base of composite failure surface, with colour coded local factors of safety
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Why we carry out back analysis

ÅThe process of determining the conditions and 
establishing a suitable model of the slope from a failure is 
known as back-analysis (or back-calculation)

ÅWhen a slope fails by sliding it can provide a useful 
source of information on the conditions in the slope at the 
time of failure

ÅA slope failure provides an opportunity to validate stability 
analysis methods

ÅFactor of safety at time of failure is 1.0
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Back calculation of stability;  friction versus cohesion
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2D or not 2D ïthat is, 3D

ÅTraditionally slope stability analyses have been 
conducted using two dimensional cross sections, if only 
because in the early days of geotechnical engineering 
such analyses were done by hand and three dimensional 
analyses were unthinkable.

ÅWith modern computers, anything is possible.   The big 
question is does it make a difference?

ÅThe answer is YES, it can.  The factor of safety for a 
three dimensional sliding surface can be less than or 
greater than a two dimensional one by up to 50 percent. 
If you donôt check the effect of 3D, you donôt know!
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Example 2  Open pit coal mine high wall
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Example 3   Quarry bench failure ïworking with Maptekôs
PointStudio software
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PointStudioïGeotechnical Tools
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PointStudio ïused to prepare model for TSLOPE
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Apply vegetation filter
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Delete points in area of slope failure
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Construct pre-failure topography
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Remove slip debris, model failure surface
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Comparison of surfaces ïpost and pre-failure
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TSLOPE model showing active columns
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Cross plot of friction angle (Y) vs cohesion (X)  
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TSLOPE integration with MaptekôsPointStudio (and 
Eureka)
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