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1 INTRODUCTION  
The word ñVerificationò, when used in connection with computer software can be defined as ñthe 
ability of the computer code to provide a solution consistent with the physics of the problem. There 
are also other factors such as initial conditions, boundary conditions, and control variables that 
may affect the accuracy  of the code to perform as stated.  
 
ñVerificationò is generally achieved by solving a series of so-called ñbenchmarkò problems. 
ñBenchmarkò problems are problems for which there is a closed- for m solution or for which the 
solution has become ñreasonably certainò as a result of longhand calculations that have been 
performed. Publication of the ñbenchmarkò solutions in research journals or textbooks also lends 
credibility to the solution.  
 
There a re also example problems that have been solved and published in User Manual 
documentation associated with other comparable software packages. While these are valuables 
checks to perform, it must be realized that it is possible that errors can be transferre d from oneôs 

software solution to another.  
 
Consequently, care must be taken in performing the ñverificationò process on a particular software 
package. It must also be remembered there is never such a thing as complete software verification 
for ñallò possible problems. Rather, it is an ongoing process that establishes credibility with time. 
SoilVision Systems takes the process of ñverificationò most seriously and has undertaken a wide 
range of steps to ensure that the SVSLOPE software will perform as inten ded by the theory of limit 
equilibrium slope stability.  
 
The following models represent comparisons made to textbook solutions, hand calculations, and 
other software packages. We at SoilVision Systems Ltd., are dedicated to providing our clients with 
reli able and tested software. While the following list of example models is comprehensive, it does 
not reflect the entirety of models, which may be posed to the SVSLOPE software.  
 
It is our recommendation that checks be performed on all model runs prior to pr esentation of 
results. It is also our recommendation that the modeling process move from simple to complex 
models with simpler models being verified through the use of hand calculations or simple 
spreadsheet calculations.  
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2 ACADS MODELS  
The following group o f models represents a series of models originally presented in the Australian 
ACADS study (Giam & Donald, 1989).  The study presented a series of benchmark examples and 
allowed a variety of consultants using differing software packages to solve the models.  
 
The results were then reviewed by an expert review panel and an answer was established. The 
SVSLOPE software package was compared to these models in the following sections.  

2.1 1(A) SIMPLE SLOPE  
Project:   Slopes_Group_1  
Model:   VS_1  
 
This model contains a simple case of a total stress analysis without considering pore -water 
pressures. It is a simple analysis that represents a homogenous slope with given soil properties. 
This model is originally published by the ACADS study (Giam & Donald, 1989).  

2.1.1 Geometry and Material Properties 

The slope properties that are in use for this model are presented in Table 1. The requirements for 

this problem are the factor o f safety and its corresponding critical circular failure surface.  
 

 

Figure 1 Geometry of the Simple Slope model 

 
Table 1 Material Properties of the Simple Slope model 

c (kN/m2) f (degrees)   g (kN/m3) 

3.0 19.6 20.0 

2.1.2 Results and Discussions 

The grid and radius method was used to identify a critical slip surface location. A grid of centers of 
20 x 20 was used along with 11 tangent points.  
 

This period of a total of 4851 circular slip surfaces. The results of the analysis for each different 
analysis method are presented in Table 2. The Fa ctor of Safety published by the ACADS study was 
1.00.  
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Table 2 Results of the Simple Slope model 

Method 

Factor of Safety Difference 

(%)  Slide SVSLOPE 

Ordinary 0.947 0.945 -0.211 

Bishop Simplified 0.987 0.989 0.203 

Janbu Simplified 0.939 0.939 0.000 

Spencer 0.986 0.988 0.203 

GLE 0.986 0.988 0.203 

 

 
 

Figure 2 Solution of the Simple Slope model using the Spencer method 

 

 

Figure 3 Solution of the Simple Slope model using the GLE method 
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Figure 4 Solution of the Simple Slope model using the Janbu Simplified method 

2.2 1(B) TENSION CRACK  
Project:   Slopes_Group_1   
Model:   VS_2  
 
This model has the same slope geometry as verification problem #1, with the exception that a 
tension crack zone has been added as shown in Figure 5.  
 
For this problem, a suitable tension crack depth is required. Water is assumed to fill the tension 
crack. The calculations the equation used to calculate the tension crack depth is shown below 
(Craig, 1997).  

f

f

sin1

sin1
,

2

+

-
== a

a

k
ky

c
Depth  

2.2.1 Geometry and Material Properties 

 

Figure 5 Geometry of the Tension Crack model 

 
Table 3 Material Properties of the Tension Crack model 

c (kN/m2) f (degrees) g (kN/m3) 
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32.0 10.0 20.0 

2.2.2 Results and Discussions 

The grid and radius search technique was used to locate the most critical slip surface. A grid 20 x 
20 grid of centers was used along with 11 tangents points.  
 
A total of 4851 slip surface was generated. The values of the critical factor of safety are shown in 
Table 4. The Bishop, Spencer, GLE and Janbuôs corrected, solutions are shown along with the 

location of the critical slip surface. The Factor of Safety published by the ACADS study is 1.65 to 
1.70.  
 

Table 4 Results of the Tension Crack model 

Method 

 

Factor of Safety 
Difference 

(with Slide) 

(%)  

 

Difference 

(with 

SLOPE/W) 

(%)  

 

Slide 

 

Slope/W SVSLOPE 

Moment Force Moment Force 

Ordinary 1.521 1.52  1.521  0.00 0.07 

Bishop Simplified 1.596 1.592  1.593  -0.19 0.06 

Janbu Simplified 1.382  1.38  1.38 -0.15 0.29 

Spencer 1.592 1.594 1.599 1.589 1.589 -0.19 0.31 

M-P 1.592 1.588 1.594 1.59 1.59 -0.13 0.13 

GLE 1.592 1.588 1.588 1.59 1.59 -0.13 0.13 

 
 

 

Figure 6 Solution of the Tension Crack model using the Bishop Simplified method 
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Figure 7 Solution of the Tension Crack model using the Spencer method 

 

 

Figure 8 Solution of the Tension Crack model using the GLE Method 

 

 

 

Figure 9 Solution of the Tension Crack model using the Janbu Simplified method 
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2.3 1(C) NON -HOMOGENEOUS  
Project:   Slopes_Group_1  
Model:   VS_3  
 
This model is a non -homogenous three - layer slope with material properties shown in Table 5. The 

calculation of the factor of safety and its corresponding critical slip surface is shown.   

2.3.1 Geometry and Material Properties 

 

Figure 10 Geometry of the Non-Homogenous model 

 
Table 5 Material Properties of the Non-Homogenous model 

 c (kN/m2) f (degrees) g (kN/m3) 

Soil #1 0.0 38.0 19.5 

Soil #2 5.3 23.0 19.5 

Soil #3 7.2 20.0 19.5 

2.3.2 Results and Discussions 

The grid and radius technique was used to determine the location of the critical slip surface. A slip 

surface centers search grid of 20 x 20 was used for the grid of centers and 11 tangents points were 
used at each grid center.   
 
This resulted in total of  4851 trial slip surfaces. The results of the factor of safety calculations are 
shown in Table 6. The Factor of Safety published by the ACADS study wa s 1.39.  
  

Table 6 Results of the Non-Homogenous model 

Method 

  

Factor of Safety 
Difference 

(%)  

 

Slide 

 

SVSLOPE 

Moment Force 

Ordinary 1.232 1.231  -0.08 

Bishop Simplified 1.405 1.405  0.00 

Spencer 1.375 1.374 1.374 0.15 

GLE 1.374 1.376 1.375 0.07 
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Figure 11 Solution of the non-homogenous model using the Bishop Simplified method 

2.4 1(D) NON -HOMOGENOUS WITH SEISMIC LOAD  
Project:   Slopes_Group_1  
Model:   VS_4  
 
This model is identical to the previous model with the exception that a horizontal seismically 

induced acceleration of 0.15g was included in the analysis. The intent of this model is to test the 
ability of the software to analyze seismic conditions.  

2.4.1 Geometry and Material Properties  

The model re quires the calculations of the factor of safety and the corresponding location of the 
critical slip surface. No pore -water pressures are designated and therefore a total stress analysis is 
performed.  

 

Figure 12 Geometry of the Non-Homogeneous with Seismic Load model 

 

 

 

Table 7  Material Properties of the Non-Homogenous with Seismic Load 

 c kN/m2) f (degrees) g (kN/m3) 
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Soil #1 0.0 38.0 19.5 

Soil #2 5.3 23.0 19.5 

Soil #3 7.2 20.00 19.5 

2.4.2 Results and Discussions 

The results of the analysis produce the following table of factors of safety for the Bishop, Spencer. 
GLE, Janbu Simplified methods. The Factor of Safety published by the ACADS study was 1.00.  
 

Table 8 Results of the Non-Homogenous with Seismic Load model 

Method 

 

Factor of Safety 
Difference 

(%)  

 

Slide 

 

SVSLOPE 

Moment Force 

Ordinary 0.884 0.884  0.00 

Bishop Simplified 1.015 1.014  0.10 

Janbu Simplified 0.897  0.897 0.00 

Spencer 0.991 0.991 0.99 0.00 

GLE 0.989 0.991 0.99 0.20 

 

 

 

Figure 13 Results using the GLE method on VS_4 model 



SoilVision Systems Ltd.   ACADS Models 15 of 203 

   

2.5 2(A) TALBINGO DAM, DRY  
 
Project:   Slopes_Group_1  
Model:   VS_5  
 

This model is the Talbingo Dam (Giam & Donald, 1989) for the end -of -construction stage. Soil 
properties are given in Table 9 and the geometrical data is given in Table 10 .  

2.5.1 Geometry and Material Properties 

The model requirements are that a factor of safety and a corresponding location of the critica l 
failure surface must be calculated.  

 

Figure 14 Geometry of the Talbingo Dam model 

 
Table 9 Material Properties of the Talbingo Dam model 

 c (kN/m2) f (degrees) g (kN/m3) 

Rock fill 0 45 20.4 

Transitions 0 45 20.4 

Filter 0 45 20.4 

Core 85 23 18.1 

 
Table 10 Geometry Data of Talbingo Dam, with weak layer 

Pt. # Xc (m) Yc (m) Pt. # Xc (m) Yc (m) Pt. # Xc (m) Yc (m) 

1 0 0 10 515 65.3 19 307.1 0 

2 315.5 162 11 521.1 65.3 20 331.3 130.6 

3 319.5 162 12 577.9 31.4 21 328.8 146.1 

4 321.6 162 13 585.1 31.4 22 310.7 0 

5 327.6 162 14 648 0 23 333.7 130.6 

6 386.9 130.6 15 168.1 0 24 331.3 146.1 

7 394.1 130.6 16 302.2 130.6 25 372.4 0 

8 453.4 97.9 17 200.7 0 26 347 130.6 

9 460.6 97.9 18 311.9 130.6 - - - 

2.5.2 Results and Discussions 

Resulting Factor of Safety are calculated that are shown in Table 11 . The Factor of Safety published 
by  the ACADS study is (1.95)/1.90.  
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Table 11 Results of the Talbingo Dam model 

Method 

  

Factor of Safety 

(Neglect PWP, with no 

cracks) 

Difference 

(%)  

 

Slide 

 

SVSLOPE 

Moment Force 

Ordinary 1.948 1.949  0.05 

Bishop Simplified 1.948 1.95  0.10 

Janbu Simplified 1.919  1.92 0.05 

Spencer 1.948 1.95 1.95 0.10 

GLE 1.948 1.95 1.949 0.10 

 

Figure 15 Solution of the Talbingo Dam model using the Bishop Simplified method 

 

 

Figure 16 Solution of the Talbingo Dam model using the Spencer method 
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Figure 17 Solution of the Talbingo Dam model using the GLE Method 

2.6 2(B) TALBINGO DAM, DRY PR EDEFINED SLIP 
SURFACE  

Project:   Slopes_Group_1  
Model:   VS_6  
 
The model #6 is  identical to model #5 with the exception is that a singular slip surface of known 
center and radius is analyzed in this particular problem.  

2.6.1 Geometry and Material Properties 

 

Figure 18 Geometry of the Talbingo Dam, Dry Predefined Slip Surface model 

 
Table 12 - Data for slip circle 

Xc Yc (m) Radium (m) 

100.3 291 278.8 

 
 

Table 13 - Material Properties of the Talbingo Dam 

 c (kN/m2) f (degrees) g (kN/m3) 

Rock fill 0 45 20.4 

Transitions 0 45 20.4 

Filter 0 45 20.4 
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Core 85 23 18.1 

2.6.2 Results and Discussions 

The following table illustrates the factor of safety and the methodology used for analyzing these 
conditions. The results are presented in Table 14 . The Factor of Safety published by the ACADS 
study was 2.29.  

 
Table 14 Results of the Talbingo Dam 

Method 

 

Factor of Safety 

(Neglect PWP, with no cracks) 

Difference 

(%)  

 

Slide SVSLOPE 

Moment Force Moment Force 

Bishop Simplified 2.208  2.207  -0.05 

Spencer 2.292  2.291 2.291 -0.04 

GLE 2.301  2.298 2.298 -0.13 
 
 
 

 

Figure 19 Solution using the Bishop Simplified method 
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Figure 20 Solution using the Spencer method 

 

 

 

 

Figure 21 Solution using the GLE method 
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2.7 3(A) WATER TABLE MODELED WITH WEAK SEAM   
Project:   Slopes_Group_1  
Model:   VS_7  
 
This particular model illustrates the analysis of a slope containing a both a water table and a weak 

layer. The water table is assumed to coincide with the base of the weak layer. In this case, the 
effects of negative pore -water pressure abov e the water tables were ignored.   

2.7.1 Geometry and Material Properties 

The tension crack zone is also ignored in this model. The requirement is to calculation of the Factor 
of Safety and the corresponding noncircular failure surface.  
 

 

Figure 22 Geometry of the Water Table Modeled with the Weak Seam model 

 
Table 15 - Material Properties of the Water Table 

 c (kN/m2) f (degrees) g (kN/m3) 

Soil #1 28.5 20.0 18.84 

Soil #2 0 10.0 18.84 

2.7.2 Results and Discussions 

The results of the analysis can be seen in Table 16 . The Factor of Safety published by the ACADS 
study was 1.26.  

 
Table 16 ï Results of the Water Table 

Method 

Factor of Safety Difference 

(%)  Slide SVSLOPE 

Spencer 1.258 1.269 1.268 0.87 

GLE 1.246 1.264 1.264 1.45 
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Figure 23 Solution using the GLE Method 

2.8 3(B) WATER TABLE MODELED WITH WEAK SEAM 
WITH PREDEFINED SLIP  SURFACE  

Project:   Slopes_Group_1  
Model:   VS_8  
 
This problem #8 is identical to problem #7, except when a non -circular slip surface of known 
coordinates is analyzed.  
 
NOTE:  

 The values for each model can be viewed in the ACADS document publication and presented 
alongside the SVSLOPE solutions.  
 

2.8.1 Geometry and Material Properties 

 

Figure 24 Geometry of the Water Table Modeled with Weak Seam with Predefined Slip Surface model 
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Table 17 Failure Surface Coordinates 

X (m) Y (m) 

41.85 27.75 

44.00 26.50 

63.50 27.00 

73.31 40.00 

 
Table 18 Material Properties of the Water Table Modeled with Weak Seam 

 c (kN/m2) f (degrees) g (kN/m3) 

Soil #1 28.5 20.0 18.84 

Soil #2 0 10.0 18.84 

2.8.2 Results and Discussions 

The Factor of Safety published by the ACADS study was 1.34.  

 
Table 19 Results of pre-defined slip surface model 

Method 

 

Factor of Safety 
Difference 

(%)  

 

Slide 

 

SVSLOPE 

Moment Force 

Spencer 1.277 1.277 1.277 0.00 

GLE 1.262 1.258 1.258 -0.32 

 

 

Figure 25 Solution using the Spencer method 
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Figure 26 Solution using the GLE method 

 

2.9 4 EXTERNAL LOADING, PORE -PRESSURE DEFINE D 
BY WATER TABLE  

Project:   Slopes_Group_1  
Model:   VS_9 , VS_9_Optimization, VS_9_Optimization_Greco  
 
This is a more complex example involving a weak layer, pore -water pressures and surcharges. The 
ACADS verification program received a wi de range of answers for this model and fully expected this 
during the program.  
 
The soil parameters, external loadings and piezometric surface are shown in the following diagram. 
The tension cracks are ignored in this example. The model requirement is tha t the noncircular slip 
surface and the corresponding factor of safety are required.  

2.9.1 Geometry and Material Properties 

A block search for the critical noncircular failure surface is carried out by defining two line searches 
to block search squares within the  weak layer. A number of different random surfaces were 
generated by the search and the results compared well with the actual results.  
 

Table 20 External Loadings 

X (m) Y (m) Normal Stress 

(kN/m2) 

23.00 27.75 20.00 

43.00 27.75 20.00 

70.00 40.00 20.00 

80.00 40.00 40.00 

 
Table 21 Data for Piezometric Surface 

Pt. # Xc (m) Yc (m) 

1 20.0 27.75 

2 43.0 27.75 

3 49.0 29.8 

4 60.0 34.0 

5 66.0 35.8 
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6 74.0 37.6 

7 80.0 38.4 

8 84.0 38.4 

Pt#: Refer to  
Figure 27 

 

Figure 27 Geometry of the External Loading, Pore-Pressure defined by Water Table model 

 
Table 22 Material Properties of the External Loading 

 c (kN/m2) f (degrees) g (kN/m3) 

Soil #1 28.5 20.0 18.84 

Soil #2 0 10.0 18.84 

2.9.2 Results and Discussions 

The results of this model illustrate the difference between a model with no optimization and a 
model where optimization methods are used.  
 
What is interesting in this case is that the optimized methods yield a lower Factory of Safety than 
the non -optimiza tion techniques.  

 
Table 23 ï Optimization (Greco in SVSlope) 

Method 

 

Factor of Safety 

Difference 

(%)  

 

(Optimization-Greco) 

Slide 

 

SVSLOPE 

Moment Force 

Spencer 0.715 0.69 0.69 -2.82 

GLE 0.685 0.676 0.675 -1.31 

 
Table 24 ï Optimization (Optimize Surfaces option in SVSlope) 

Method 

 

Factor of Safety 

Difference 

(%)  

 

(Optimization-Greco) 

Slide 

 

SVSLOPE 

Moment Force 

Spencer 0.715 0.697 0.696 -2.52 

GLE 0.685 0.671 0.671 -2.19 
 
 

Table 25 - No optimization 

Method Factor of Safety Difference 
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Slide 

 

SVSLOPE (%)  

 
Moment Force 

Spencer 0.760 0.722 0.722 -5.00 

GLE 0.721 0.695 0.695 -3.61 

 

 
Figure 28 Solution using the Spencer Method 

 

 

Figure 29 Solution using the GLE Method 
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3 SVSLOPE GROUP 1  
The following examples compare the results of SVSLOPE against published solutions presented in 
textbooks or journal papers.  

3.1 LANESTER EMBANKMENT VERIFICATION  
Project:   Slope s_Group_1  
Model:   VS_12  
 
This problem is the Lanester embankment (in France) which was built with an induced failure for 
testing and research purposes in 1969 (Pilot et al, 1982). A dry tension crack zone is assumed to 
spread over the entire embankment for this model.  

3.1.1 Geometry and Material Properties 

The pore -water pressures are derived from Table data, from raw data presented for this model, 
and interpolated data across the model domain using the bilinear interpolation method. The 
location of the critical slip surface and the cor responding factor of safety are required for this 
model.  

 

Figure 30 Geometry of the Lanester Embankment model 

Table 26 Material Properties of the Lanester Embankment 

 c (kN/m2) f (degrees) ɔ (kN/m3) 

Embankment 30 31.0 18.2 

Soft Clay 4 37.0 14.0 

Silty Clay 7.5 33.0 13.2 

Sandy Clay 8.5 35.0 13.7 

 
Table 27 Water Pressure Points 

Pt. # Xc (m) Yc (m) U kPa) Pt.# Xc (m) Yc (m) u (kPa) Pt.# Xc (m) Yc (m) u (kPa) 

1 26.5 9 20 9 16 8.5 60 17 31.5 3 80 

2 31.5 8.5 20 10 21 8.2 60 18 10.5 6 100 

3 10.58 9.3 40 11 26.5 6 60 19 16 5 100 

4 16 9.3 40 12 31.5 5 60 20 21 4.5 100 

5 21 9.3 40 13 10.5 7.5 80 21 26 2.5 100 

6 26.5 7.5 40 14 16 7.5 80 22 31.5 1.3 100 

7 31.5 6.8 40 15 21 5.6 80 23 - - - 

8 10.5 8.5 60 16 26 4.2 80 24 - - - 
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3.1.2 Results and Discussions 

The results of the analysis are presented in Table 28 . 
 

Table 28 Results of the Lanester Embankment model 

Method 

 

Factor of Safety 

Difference 

(%)  

 

Slide 

 

SVSLOPE 

Moment Force 

Spencer 1.079 1.072 1.071 -0.65 

M-P 1.077 1.068 1.068 -0.84 

GLE 1.077 1.068 1.068 -0.84 

Note:No solution in Slide for the critical slip surface(SVSlope) 

in Bishop 
 

Table 29 Results of the Lanester Embankment model 

Method 

 

Factor of Safety 

(Water Table) 
Difference 

(%)  

 

Slide 

 

SVSLOPE 

Moment Force 

Spencer 2.645 2.647 2.647 0.08 

M-P 2.644 2.647 2.647 0.11 

GLE 2.644 2.647 2.647 0.11 

3.2 CUBZAC -LES-PONTS EMBA NKMENT  
Project:   Slopes_Group_1  
Model:   VS_13  
 
In 1974, the Cubzac - les-Ponts embankment (in France) was built and a failure induced for testing 
and research purposes. This model represents an analysis of that particular problem.  

3.2.1 Geometry and Material Properties 

 

Figure 31 Geometry of the Cubzac-les-Ponts embankment model 

 
Table 30 Water Pressure Points, u 

Pt. # Xc (m) Yc (m) u (kPa) Pt.# Xc (m) Yc (m) u (kPa) Pt.# Xc (m) Yc (m) u (kPa) 
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1 11.5 4.5 125 16 16 7.2 25 31 24.5 7.2 25 

2 11.5 5.3 100 17 18 2.3 125 32 27 3.1 100 

3 11.5 6.8 50 18 18 5.3 100 33 27 6.1 50 

4 11.5 7.2 25 19 18 6.8 50 34 27 7.2 25 

5 12.75 3.35 125 20 18 7.2 25 35 29.75 1.55 100 

6 12.75 5.2 100 21 20 1.15 125 36 29.75 5.55 50 

7 12.75 6.8 50 22 20 4.85 100 37 29.75 7.2 25 

8 12.75 7.2 25 23 20 6.8 50 38 32.5 0 100 

9 14 2.3 125 24 20 7.2 25 39 32.5 5 50 

10 14 5.1 100 25 22 0 125 40 32.5 7.2 25 

11 14 6.8 50 26 22 4.4 100 41 37.25 4.7 50 

12 14 7.2 25 27 22 6.8 50 42 37.25 6.85 25 

13 16 2.3 125 28 22 7.2 25 43 42 4.4 50 

14 16 5.2 100 29 24.5 3.75 100 44 42 6.5 25 

15 16 6.8 50 30 24.5 6.45 50 45 - - - 

 
In Table 31  it presents the pore -water pressures at designated points. The pore -water pressures at 
the case of the slice were interpolation from the given data using a bio interpolation method. The 
locat ion of the critical slip surface and the corresponding factor of safety are to be determined.  

   
Table 31 Material Properties of the Cubzac-les-Ponts Embankment model 

 c (kN/m2) f (degrees) ɔ (kN/m3) 

Embankment 0 35.0 21.2 

Upper Clay 10 24.0 15.5 

Lower Clay 10 28.4 15.5 

3.2.2 Results and Discussions 

The resulting factors of safety from the SVSLOPE software are shown in Table 32 .  
 

Table 32 Results of the Cubzac-les-Ponts Embankment model 

Method 

 

Factor of Safety 

Difference 

(%)  

 

Slide 

 

SVSLOPE 

Moment Force 

Bishop Simplified 1.314 1.317  0.23 

Spencer 1.334 1.339 1.339 0.38 

GLE 1.336 1.34 1.34 0.30 
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Figure 32 Results of the Cubzac-les-Ponts model using the Bishop Simplified method 

3.3 ARAI AND TAGYO HOMOG ENEOUS SLOPE  
Project:   Slopes_Group_1  
Model:   VS_14_Circular  
 
Arai and Tagyo (1985) presented simple homogeneous soil slope with zero pore -water pressure. 
This model represents analysis of this particular problem and the results are provided in Table 34 .  

3.3.1 Geometry and Material Properties  

There are no pore -water pressures input for this problem. The position of the critical slip surface, 
as well the calculated factor of safety is required in this an alysis.  

 

Figure 33 Geometry of the Arai and Tagyo Homogenous Slope Circular model 

 
Table 33 Material Properties of the Arai and Tagyo Homogenous Slope Circular model 

 c (kN/m2) f (degrees) ɔ (kN/m3) 

Soil 41.65 15.0 18.82 
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3.3.2 Results and Discussions 

3.3.2.1 Part 1 Circular Slip Surface Results: using grid and radius method.  

The following results were obtained using the grid and radius search technique.  
 

Table 34 Circular Results ï using auto refine search 

Method 

Factor of Safety Difference 

(%)  Slide SVSLOPE 

Bishop Simplified 1.409 1.406 -0.21 

Janbu Simplified 1.319 1.323 0.30 

GLE 1.406 1.404 -0.14 

 

 

Figure 34 Circular Failure Surface using Bishop Simplified method 
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3.4 ARAI AND TAGYO LAYER ED SLOPE  
Project:   Slopes_Group_1  
Model:   VS_15_Circular, VS_15_NonCircular  
 
Arai and Tagyo (1985) present an example, which consists of a layered slope, where a layer of low 

shea r strength is located between two high strength layers. The results of this analysis have also 
been presented by Kim, et al. (2002), Malkawi et al. (2001) and Greco (1996).  

3.4.1 Geometry and Material Properties  

There are no pore -water pressures in this exampl e. The corresponding model and set up data are 
presented in the following section. The position of the most critical slip surface as well as the 
calculated factor of safety is required for this analysis.  
 

 

Figure 35 Geometry of the Arai and Tagyo Layered Slope model 

Table 35 Material Properties of the Arai and Tagyo Layered Slope 

 c (kN/m2) f (degrees) ɔ (kN/m3) 

Upper Layer 29.4 12.0 18.82 

Middle Layer 9.8 5.0 18.82 

Lower Layer 294 40.0 18.82 

3.4.2 Results and Discussions 

3.4.2.1 Circular results   

The entry and exist point search method are used to determine the location of the critical slip 
surface. The results are shown in Table 36 .   
 

Table 36 Circular Results ï using auto refine search 

Method 

Factor of Safety Difference 

(%)  Slide SVSLOPE 

Bishop Simplified 0.421 0.423 0.48 

Janbu Simplified 0.410 0.415 1.22 

Spencer 0.424 0.426 0.47 

 



SoilVision Systems Ltd.   SVSLOPE Group 1 32 of 203 

   

 

Figure 36 Circular Failure Surface using Bishop Simplified Method 

3.4.2.2 Noncircular results 

The noncircular slip surface analyses were performed using the Spencer method, and the Greco 
searching technique. The results of the Greco technique are presented in Table 37 .  
 

Table 37 Noncircular Results using Random search with Optimization (1000 surfaces) 

Method 

 

Factor of Safety 
Difference 

(%)  

 

Slide SVSLOPE 

Moment Force Moment Force 

Janbu Simplified  0.394  0.397 0.76 

Spencer 0.412 0.412 0.424 0.424 0.49 
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Figure 37 Noncircular Failure Surface using Spencer method and Random Search 
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3.5 ARAI AND TAGYO PORE -WATER PRESSURE SLOPE  
Project:   Slopes_Group_1  
Model:   VS_16_Circular,  VS_16_NonCircular  
 
This example 3 is from Arai and Tagyo, (1985). The model is a simple homogeneous soil slope with 

pore -water pressures.  

3.5.1 Geometry and Material Properties 

The model contains a high water table with a daylight facing water table existing a long the slope. 
The location of the water table is shown in the below Figure 38 .  

 

Figure 38 Geometry of the Arai and Tagyo Pore-Water Pressure Slope model 

The pore -water pressures are calculated assuming hydrostatic conditions. Specific the pore -water 
pressures at point below the water table are calculated from the vertical distance to the water  table 
and multiplying by the unit weight of water.  
 
It is assumed that there is no effect of suction above the water table. The location of the vertical 
slip surface and the value of the factor of safety were required for this analysis.  
 

Table 38 Material Properties of the Arai and Tagyo Pore-Water Pressure Slope model 

 c (kN/m2) f (degrees) ɔ (kN/m3) 

Soil 41.65 15.0 18.82 

3.5.2 Results and Discussions 

3.5.2.1 Circular results 

The grid and radius search technique was used to determine the location of the critical slip surface. 
The results are shown in Table 39 . 
  

Table 39 Circular Results using Auto Refine Search 

Method 
Factor of Safety 

Difference 

(%)  Slide SVSLOPE 

Bishop Simplified 1.117 1.124 0.63 

Janbu Simplified 1.046 1.046 0.00 

GLE 1.118 1.124 0.57 
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Figure 39 Failure Surface using Bishop Simplified method 

3.5.2.2 Noncircular results 

A noncircular analysis was also performed using the Greco search technique. The Greco search 
technique was applied with the Spencer and Janbu Simplified methods to yield the following Factor 
of Safety.  
 

Table 40 Noncircular Results using Random Search with Monte Carlo Optimization 

Method 

 

Factor of Safety 

Difference 

(%)  

 

Arai &  

Tagyo 1985 

 

Slide SVSLOPE 

Moment Force Moment Force 

Janbu Simplified 0.995  0.968  0.967 -0.10 

Spencer  1.094 1.094 1.097 1.096 -0.27 
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Figure 40 Noncircular Failure using Janbu Simplified Method 

3.6 YAMAGAMI AND UETA SI MPLE SLOPE  
Project:   Slopes_Group_1  
Model:   VS_17_Circular, VS_17_NonCircular  
 
This model was originally presented by Yamagami and Ueta (1988). The model consists of a simple 
homogeneous soil slope and zero pore -water pressures. The model was also analyzed by Greco in 
1996.  

3.6.1 Geometry and Material Properties 

The location of the critic al slip surface and the corresponding factor of safety are to be calculated.  
 

 

Figure 41 Geometry of the Yamagami and Ueta Simple Slope model 

Table 41 Material Properties of the Yamagami and Ueta Simple Slope model 

 c (kN/m2) f (degrees) ɔ (kN/m3) 

Soil 9.8 10.0 17.64 
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3.6.2 Results and Discussions 

3.6.2.1 Circular results 

The analysis was performed using a specified range of entry and exit points. The calculated factors 
of safety for the Bishopôs Simplified and Ordinary method are tabulated in Table 42 .   
 

Table 42 Circular Results using auto refine search 

Method 

Factor of Safety Difference 

(%)  Slide SVSLOPE 

Ordinary 1.278 1.28 0.16 

Bishop Simplified 1.344 1.346 0.15 

 

 

Figure 42 Failure surface using Bishop Simplified method 

3.6.2.2 Noncircular results 

The critical noncircular slip surface was obtained using the Greco search method. The Greco search 
method results as well as the SVSLOPE results are presented in  Table 43 . In this particular case, 
the results of SVSLOPE are believed to be more optimal.  
 
Table 43 Noncircular Results using Random search with Monte Carlo optimization in SLIDE and using the 

GRECO search in SVSlope 

Method 

 

Factor of Safety 
Difference 

(%)  

 

Slide SVSLOPE 

Moment Force Moment Force 

Janbu Simplified  1.178  1.178 0.00 

Spencer 1.324 1.324 1.324 1.319 0.00 
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Figure 43 Noncircular failure using Spencer Method 
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3.7 BAKER SIMPLE SLOPE  
Project:   Slopes_Group_1  
Model:   VS_18_NonCircular  
 
Baker (1980) published the results of this model, which was originally published by Spencer, 

(1969).   

3.7.1 Geometry and Material Properties 

It consists of a simple homogeneous soil slope with a pore -water pressure distribution defined by a 
pore pressure coeffi cient, ru of 0.5.  
 

 

Figure 44 Geometry of the Baker Simple Slope model 

Table 44 Material Properties of the Baker Simple Slope model 

 c (kN/m2) f (degrees) ɔ (kN/m3) ru 

Soil 10.8 40.0 17.64 0.5 

3.7.2 Results and Discussions 

3.7.2.1 Noncircular results 

This model is solved using the Greco search technique along with Spencerôs method of calculating 
the factor of safety. The results may for the critical slip surfaces are shown in Figure 45 . 
 

Table 45 Noncircular Results using Random Search with Monte Carlo optimization 

Method 

 

Factor of Safety 

Difference 

(%)  

 

Baker 

(1980) 

 

Spencer 

(1969) 

 

Slide SVSLOPE 

Moment Force Moment Force 

Spencer 1.02 1.08 1.01 1.01 1.01 1.009 0.00 
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Figure 45 Noncircular Failure Surface using Spencer method along with the Greco search technique 

3.8 GRECO LAYERED SLOPE  
Project:   Slopes_Group_1  
Model:   VS_19_NonCircular  
 
This model was taken from Greco, 1996, Example # 4. It consists of a layered slope without pore -
water pressures. It was originally published by Yamagami and Ueta (1988).   

3.8.1 Geometry and Material Properties 

The model  consists of an earth dam type structure with three underlying soil layers.  
 

 

Figure 46 Geometry of the Greco Layered Structure model 

Table 46 Material Properties of the Greco Layered Structure model 

 c (kN/m2) f (degrees) ɔ (kN/m3) 

Upper Layer 49 29.0 20.38 

Layer 2 0 30.0 17.64 
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Layer 3 7.84 20.0 20.38 

Bottom Layer 0 30.0 17.64 

3.8.2 Results and Discussions 

3.8.2.1 Noncircular results 

Using the Greco method, the following factors of safety were calculated for the Spencer method. 
The results are displayed in the Table 47  for the criti cal slip surface.  
 

Table 47 Noncircular Results using random search with Monte Carlo technique with convex surfaces 

Method 

 

Factor of Safety 

Difference 

(%)  

 

Greco 

1996 

 

Spencer 

1969 

 

Slide SVSLOPE 

Moment Force Moment Force 

Spencer 1.40-1.42 1.40-1.42 1.398 1.398 1.4 1.4 0.14 

GLE   1.398 1.398 1.39 1.39 0.57 

 

 

Figure 47 NonCircular failure surface using the Spencer method 
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3.9 GRECO WEAK LAYER SLO PE 
Project:   Slopes_Group_1  
Model:   VS_20_Circular, VS_20_NonCircular_Greco  
 
This model is taken from Grecoôs paper (1986) (Example #5). The model was originally published 

by Chen and Shao (1988). It consists of a layered slope with pore -water pressures and designated 
by a phreatic line.  

3.9.1 Geometry and Material Properties 

The geometry also has a weak seam, and it is modeled as a 0.5m thick material layer at the base 
of the model. The critical slip surface and the corresponding factor of safety are to be calculated for 
a circular and noncircular slip surf ace.  

 

Figure 48 Geometry of the Greco Weak Layer Slope model 

Table 48 Material Properties of the Greco Weak Layer Slope model 

 c (kN/m2) f (degrees) ɔ (kN/m3) 

Layer 1 9.8 35.0 20.0 

Layer 2 58.8 25.0 19.0 

Layer 3 19.8 30.0 21.5 

Layer 4 9.8 16.0 21.5 

3.9.2 Results and Discussions 

3.9.2.1 Circular Results 

The results of the circular analysis are shown in Table 49 .   
 

Table 49 Circular Results using a grid search and a focus object at the toe (40x40 grid) 

Method 

Factor of Safety 

Difference 

(%)  

Greco 

(1996) Slide SVSLOPE 

Bishop Simplfied  1.087 1.074 -1.12 

Janbu Simplified  0.995 0.984 -1.11 

Spencer 1.08 1.093 1.081 -1.10 

 



SoilVision Systems Ltd.   SVSLOPE Group 1 43 of 203 

   

 

Figure 49 Circular Failure Surface using Bishop Simplified method 

 

Figure 50 Circular Failure Surface using Spencer method 

3.9.2.2 Noncircular results 

The results were obtained using the block search method. The block search method produced the 
following Factor of Safety.   
 

Table 50 Noncircular Results using block search polyline in the weak seam and 
Monte Carlo optimization 

Method 

Factor of Safety 

(Greco) Difference 

(%)  Slide SVSLOPE 

Spencer 1.007 0.987 -1.99 






























































































































































































































































































































