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1 Introduction  
¢ƘŜ ǿƻǊŘ ά±ŜǊƛŦƛŎŀǘƛƻƴέΣ ǿƘŜƴ ǳǎŜŘ ƛƴ ŎƻƴƴŜŎǘƛƻƴ ǿƛǘƘ ŎƻƳǇǳǘŜǊ ǎƻŦǘǿŀǊŜ, can be defined as the 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.  

Verification is generally achieved by solving a series of so-called benchmark problems. Benchmark problems are 

those for which a closed-form solution exists, ƻǊ ŦƻǊ ǿƘƛŎƘ ǘƘŜ ǎƻƭǳǘƛƻƴ Ƙŀǎ ōŜŎƻƳŜ άǊŜŀǎƻƴŀōƭȅ ŎŜǊǘŀƛƴέ because 

of ƭƻƴƎƘŀƴŘ ŎŀƭŎǳƭŀǘƛƻƴǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ǇŜǊŦƻǊƳŜŘΦ tǳōƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ άōŜƴŎƘƳŀǊƪέ ǎƻƭǳǘƛƻƴǎ ƛƴ ǊŜǎŜŀǊŎƘ ƧƻǳǊƴŀƭǎ 

or textbooks also lends credibility to the solution.  

There are also example problems that have been solved and published in documentation associated with other 

comparable software packages. While these are valuable comparisons, the possibility exists for the published 

analysis definition and solution to comprise errors; consequently, care must be taken when verifying by means of 

comparison with other software. Furthermore, it is not possible to verify numerical software for all possible 

scenarios. Rather, it is an ongoing process that establishes credibility with time.  

2 Verificatio ns 
The following examples compare the results of stability analyses against published solutions presented in 

textbooks or journal papers. There is a group of models that was distributed to geomechanics professional as part 

of a survey sponsored by the Association for Computer Aided Design (ACADS). The problems were designed to 

test the numerical procedures for handling various aspects of slope stability analysis. Several participants 

submitted solutions generated by a wide array of slope stability programs. The results were reviewed by an expert 

panel to establish the most likely correct solution. Giam and Donald (1989) authored the complete report of the 

study. These verifications contain ACADS in the title.  

2.1 ACADS Simple Slope 
Project File: ACADS Simple Slope.gsz 

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. The entry-exit search technique was used 

to locate the critical slip surface. This model is originally published by the ACADS study (Giam and Donald, 1989). 

2.1.1 Geometry and Material Properties  

 

Figure 1 Simple Slope: Geometry 
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Table 1 Simple Slope: Material Properties  

c (kN/m2) f 
(degrees) 

g (kN/m3) 

3.0 19.6 20.0 

2.1.2 Results and Discussions 

The results of the factor of safety calculations are shown in the following table and figures. The Factor of Safety 

published by the ACADS study was 1.00 

Table 2 Simple Slope: Results 

Method 
  

Factor of Safety 

Moment Force 

Bishop  0.963  

Janbu  0.992 

Morgenstern-
Price 

0.991 0.991 

 

Figure 2 Simple Slope: Critical Slip Surface 

 

Figure 3 Simple Slope: Factor of Safety vs Lambda. 

Factor of Safety vs. Lambda

Moment
Sl ip 207

Force
Sl ip 207

F of S
Sl ip 207

F
a
c
to

r 
o
f 

S
a
fe

ty

Lambda

0.955

0.96

0.965

0.97

0.975

0.98

0.985

0.99

0.995

1

-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6



 

3 

2.2 ACADS Tension Crack 
Project File: ACADS Simple Slope.gsz 

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 4.  

For this problem, a suitable tension crack depth is required. Water is assumed to fill the tension crack. The 

formula used to calculate the tension crack depth is given by (Craig, 1997): 

ὈὩὴὸὬ
ςὧ

‎Ὧ
ȟὯ

ρ ίὭὲ•

ρ ίὭὲ•
 

which results in a tension crack depth of about 3.6 m. The entry-exit search technique was used to locate the 

critical slip surface. 

2.2.1 Geometry and Material Properties  

 

Figure 4 Tension Crack: Geometry 

Table 3 Tension Crack: Material Properties 

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

32.0 10.0 20.0 

2.2.2 Results and Discussions 

The results of the factor of safety calculations are shown in the following table and figures. The Factor of Safety 

published by the ACADS study is 1.65 to 1.70. 

Table 4 Tension Crack: Results 

Method 
  

Factor of Safety 

Moment Force 

Bishop  1.664  

Janbu  1.471 

Morgenstern-
Price 

1.660 1.660 
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Figure 5 Tension Crack: Critical Slip Surface 

 

Figure 6 Tension Crack: Factor of Safety vs Lambda. 

2.3 ACADS Non-Homogeneous 
Project File: ACADS Non-Homogeneous Slope.gsz 

This model is a non-homogeneous three-layer slope with geometry shown in Figure 7 and material properties 

shown in Table 5. The entry-exit search technique was used to locate the critical slip surface. 
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2.3.1 Geometry and Material Properties  

 

Figure 7 Non-Homogeneous Slope: Geometry 

Table 5 Non-Homogeneous Slope: Material Properties 

 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 results of the factor of safety calculations are shown in the following table and figures. The Factor of Safety 

published by the ACADS study was 1.39. 

Table 6 Non-homogeneous Slope: Results 

Method 
  

Factor of Safety 

Moment Force 

Bishop  1.414  

Janbu  1.319 

Morgenstern-
Price 

1.382 1.382 

 

 

Figure 8 Non-homogeneous Slope: Critical Slip Surface 
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Figure 9 Non-homogeneous Slope: Factor of Safety vs Lambda. 

2.4 ACADS Non-Homogenous with Seismic Load  
Project File: ACADS Non-Homogeneous Slope.gsz 

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 entry-exit search technique was used to locate the critical slip surface. 

No pore-water pressures are designated and therefore a total stress analysis is performed. 

2.4.1  Geometry and Material Properties   

 

Figure 10 Non-Homogeneous Slope with Seismic Load: Geometry 

Table 7 Non-Homogenous Slope with Seismic Load: Material Properties 

 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 20.00 19.5 

2.4.2 Results and Discussions 

The results of the factor of safety calculations are shown in the following table and figures. The Factor of Safety 

published by the ACADS study was 1.00. 

Factor of Safety vs. Lambda
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