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Introduction 

This document contains a series of verification slope stability problems that have been analyzed using 

Slide version 7.0. These verification tests come from: 

¶ A set of 5 basic slope stability problems, together with 5 variants, was distributed in the Australian 

Geomechanics profession and overseas as part of a survey sponsored by ACADS (Association 

for Computer Aided Design), in 1988. The Slide verification problems #1 to #10 are based on 

these ACADS example problems (Giam & Donald (1989)).    

¶ Published examples found in reference material such as journal and conference proceedings. 

For all examples, a short statement of the problem is given first, followed by a presentation of the analysis 

results, using various limit equilibrium analysis methods. Full references cited in the verification tests are 

found at the end of this document. 

The Slide slope stability verification files can be accessed by selecting File tab Ą Recent Folders Ą 

Example Folder Ą Slope Stability Verification. The file names are slope stability #001.slim, slope stability 

#002.slim and etc., corresponding to the verification problem numbers in this document. 

All verification files run with the Slide Demo, so if you want details which are not presented in this 

document, then download the demo to view all the input parameters and results. 
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1. Slide Verification Problem #1 

Slope, homogenous 

1.1. Introduction 

In 1988 a set of 5 basic slope stability problems, together with 5 variants, was distributed both in the 

Australian Geomechanics profession and overseas as part of a survey sponsored by ACADS (Giam & 

Donald (1989)). This is the ACADS 1(a) problem.  

 

1.2. Problem Description 

This problem as shown in Figure 1.1 is the simple case of a total stress analysis without considering pore 

water pressures. It represents a homogenous slope with soil properties given in Table 1.1. The factor of 

safety and its corresponding critical circular failure is calculated.  

A slip center search grid of 20 x 20 intervals is used, with 11 circles per grid point, generating a total of 

4851 circular slip surfaces. Grid is located at (22.8, 62.6), (22.8, 42.3), (43.7, 62.6), and (43.7, 42.3). 

Tolerance is 0.0001. 

 

1.3. Geometry and Material Properties 

 

Figure 1.1: Geometry Setup in Slide 

Table 1.1: Soil Properties 

cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

3.0 19.6 20.0 
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1.4. Results 

Table 1.2 

Method Factor of Safety 

Bishop 0.987 

Spencer 0.986 

GLE 0.986 

Janbu Corrected 0.990 

 Note: Reference factor of safety = 1.00 [Giam] 

           Mean Bishop FOS (18 samples) = 0.993 

           Mean FOS (33 samples) = 0.991 

 

 

Figure 1.2: Solution, using the Bishop simplified method 
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Figure 1.3: Solution, using the Spencer method 

 

 

Figure 1.4: Solution, using the GLE method 
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Figure 1.5: Solution, using the Janbu corrected method 
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2. Slide Verification Problem #2 

Slope, homogenous, tension crack 

2.1. Introduction 

In 1988 a set of 5 basic slope stability problems, together with 5 variants, was distributed both in the 

Australian Geomechanics profession and overseas as part of a survey sponsored by ACADS (Giam & 

Donald (1989)). This is the ACADS 1(b) problem. 

 

2.2. Problem Description 

Problem #2 has the same slope geometry as verification problem #1, with the addition of a tension crack 

zone, as shown in Figure 2.1. For this problem, a suitable tension crack depth is required and water is 

assumed to have filled the tension crack. The tension crack depth can be estimated from the following 

equations [Craig (1997)]. 

ak

c
Depth

g

2
=

      f

f

sin1

sin1
,

+

-
=ak

 

In order to locate the critical slip surfaces, a slip center search grid of 20 x 20 intervals was used, with 11 

circles per grid point, generating a total of 4851 slip surfaces. Grid located at (31, 49), (47, 49), (31, 34), 

and (47, 34). Tolerance is 0.0001. 

 

2.3. Geometry and Material Properties 

 

Figure 2.1: Geometry Setup in Slide 

Table 2.1: Soil Properties 

cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

32.0 10.0 20.0 



 25  rocscience.com 

2.4. Results 

Table 2.2 

Method Factor of Safety 

Bishop 1.596 

Spencer 1.592 

GLE 1.592 

Janbu Corrected 1.489 

 Note: Reference factor of safety = 1.65 [Giam] 

 

 

Figure 2.2: Solution, using the Bishop simplified method 
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Figure 2.3: Solution, using the Spencer method 

 

 

Figure 2.4: Solution, using the GLE method 
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Figure 2.5: Solution, using the Janbu corrected method 
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3. Slide Verification Problem #3 

Slope, (3) materials 

3.1. Introduction 

In 1988 a set of 5 basic slope stability problems, together with 5 variants, was distributed both in the 

Australian Geomechanics profession and overseas as part of a survey sponsored by ACADS (Giam & 

Donald (1989)). This is the ACADS 1(c) problem. 

 

3.2. Problem Description 

Problem #3 is a non-homogeneous, three-layer slope with material properties given in Table 3.1. The 

factor of safety and its corresponding critical circular failure surface is calculated. 

A slip center search grid of 20 x 20 intervals was used, with 11 circles per grid point, generating a total of 

4851 slip surfaces.  

 

3.3. Geometry and Material Properties 

 

Figure 3.1: Geometry Setup in Slide 

Table 3.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) 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 
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3.4. Results 

Table 3.2 

Method Factor of Safety 

Bishop 1.405 

Spencer 1.375 

GLE 1.374 

Janbu Corrected 1.357 

Note: Reference factor of safety = 1.65 [Giam] 

Mean Bishop FOS (16 samples) = 1.406 

Mean FOS (31 samples) = 1.381 

 

 

Figure 3.2: Solution, using the Bishop simplified method 
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Figure 3.3: Solution, using the Spencer method 

 

 

Figure 3.4: Solution, using the GLE method 
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Figure 3.5: Solution, using the Janbu corrected method 
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4. Slide Verification Problem #4 

Slope, (3) materials, seismic 

4.1. Introduction 

In 1988 a set of 5 basic slope stability problems, together with 5 variants, was distributed both in the 

Australian Geomechanics profession and overseas as part of a survey sponsored by ACADS (Giam & 

Donald (1989)). This is the ACADS 1(d) problem. 

 

4.2. Problem Description 

Problem #4 is a non-homogeneous, three-layer slope with material properties given in Table 4.1 and 

geometry as shown in Figure 4.1. This problem is identical to #3, but with a horizontal seismically induced 

acceleration of 0.15g included in the analysis. The factor of safety and its corresponding critical circular 

failure surface is calculated. 

 

4.3. Geometry and Material Properties 

 

Figure 4.1: Geometry Setup in Slide 

Table 4.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) 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 
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4.4. Results 

Table 4.2 

Method Factor of Safety 

Bishop 1.016 

Spencer 0.991 

GLE 0.989 

Janbu Corrected 0.965 

Note: Reference factor of safety = 1.00 [Giam] 

Mean FOS (15 samples) = 0.973 

 

 

Figure 4.2: Solution, using the Bishop simplified method 
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Figure 4.3: Solution, using the Spencer method 

 

 

Figure 4.4: Solution, using the GLE method 
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Figure 4.5: Solution, using the Janbu corrected method 
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5. Slide Verification Problem #5 

Dam, (4) materials 

5.1. Introduction 

In 1988 a set of 5 basic slope stability problems, together with 5 variants, was distributed both in the 

Australian Geomechanics profession and overseas as part of a survey sponsored by ACADS (Giam & 

Donald (1989)). This is the ACADS 2(a) problem. 

 

5.2. Problem Description 

Problem #5 is Talbingo Dam as shown in Figure 5.2. The material properties at the end of construction 

stage are given in Table 5.1, while the geometrical data are given in Table 5.2. The factor of safety and its 

corresponding critical circular failure surface is calculated. 

 

5.3. Geometry and Material Properties 

 

Figure 5.1: Point Identification 
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Figure 5.2: Geometry Setup in Slide 

Table 5.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

Rockfill 0 45 20.4 

Transitions 0 45 20.4 

Filter 0 45 20.4 

Core 85 23 18.1 

 

Table 5.2: Geometry Data 

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 -- -- -- 
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5.4. Results 

Table 5.3 

Method Factor of Safety 

Bishop 1.948 

Spencer 1.948 

GLE 1.948 

Janbu Corrected 1.949 

Note: Reference factor of safety = 1.95 [Giam] 

Mean FOS (24 samples) = 2.0 

 

 

Figure 5.3: Solution, using the Bishop simplified method 

 

Note: the minimum safety factor surfaces in this case, correspond to shallow, translational slides 

parallel to the slope surface. 
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Figure 5.4: Solution, using the Spencer method 

 

 

Figure 5.5: Solution, using the GLE method 

 

Figure 5.6: Solution, using the Janbu corrected method 
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6. Slide Verification Problem #6 

Dam, (4) materials, predefined slip surface 

6.1. Introduction 

In 1988, a set of 5 basic slope stability problems, together with 5 variants, was distributed both in the 

Australian Geomechanics profession and overseas as part of a survey sponsored by ACADS (Giam & 

Donald (1989)). This is the ACADS 2(b) problem. 

 

6.2. Problem Description 

Problem #6 is identical to verification problem #5, except a single circular slip surface of known center 

and radius, is analyzed. See problem #5 for material properties and boundary coordinates. 

 

6.3. Geometry and Predefined Slip Surface 

 

Figure 6.1: Point Identification 
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Figure 6.2: Geometry Setup in Slide 

Table 6.1: Data for slip circle 

Xc (m) Yc (m) Radius (m) 

100.3 291.0 278.8 

           Note: Soil properties in Problem #6 are the same as Problem #5 

 

6.4. Results 

Table 6.2 

Method Factor of Safety 

Bishop 2.208 

Spencer 2.292 

GLE 2.301 

Janbu Corrected 2.073 

Note: Reference factor of safety = 2.29 [Giam] 

 Mean Bishop FOS (11 samples) = 2.204 

Mean FOS (24 samples) = 2.239  
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Figure 6.3: Solution, using the Bishop simplified method 

 

 

Figure 6.4: Solution, using the Spencer method 
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Figure 6.5: Solution, using the GLE method 

 

 

Figure 6.6: Solution, using the Janbu corrected method 
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7. Slide Verification Problem #7 

Slope, (2) materials, weak layer 

7.1. Introduction 

In 1988 a set of 5 basic slope stability problems, together with 5 variants, was distributed both in the 

Australian Geomechanics profession and overseas as part of a survey sponsored by ACADS (Giam & 

Donald (1989)). This is the ACADS 3(a) problem. 

 

7.2. Problem Description 

This problem has material properties given in Table 7.1, and the geometry is shown in   Figure 7.1. The 

water table is assumed to coincide with the base of the weak layer. The effect of negative pore water 

pressure above the water table is to be ignored (i.e. u=0 above water table). The effect of the tension 

crack is also to be ignored in this problem. The factor of safety and its corresponding critical non-circular 

failure surface is calculated. 

Note:  Values of 45, 65 and 135,155 degrees are used for the block search line projection angles. Line 

should be in the middle of the seam. 

 

7.3. Geometry and Material Properties 

 

Figure 7.1: Geometry Setup in Slide 

Table 7.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

Soil #1 28.5 20.0 18.84 

Soil #2 0 10.0 18.84 
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7.4. Results 

Table 7.2 

Method Factor of Safety 

Bishop 1.258 

Spencer 1.246 

GLE 1.275 

Janbu Corrected 1.258 

Note: Reference factor of safety = 1.24 ï 1.27 [Giam] 

Mean Non-circular FOS (19 samples) = 1.293 

 

 

Figure 7.2: Solution, using the Spencer method 
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Figure 7.3: Solution, using the GLE method 

 

 

Figure 7.4: Solution, using the Janbu corrected method 
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8. Slide Verification Problem #8 

Slope, (2) materials, weak layer, predefined slip surface 

8.1. Introduction 

In 1988 a set of 5 basic slope stability problems, together with 5 variants, was distributed both in the 

Australian Geomechanics profession and overseas as part of a survey sponsored by ACADS (Giam & 

Donald (1989)). This is the ACADS 3(b) problem. 

 

8.2. Problem Description 

Problem #8 is identical to verification problem #7, except that a single non-circular slip surface of known 

coordinates is analyzed.  

 

8.3. Geometry and Material Properties 

 

Figure 8.1: Geometry Setup in Slide 

Table 8.1: Material Properties 

 cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

Soil #1 28.5 20.0 18.84 

Soil #2 0 10.0 18.84 
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Table 8.2: Failure Surface Coordinates 

X (m) Y (m) 

41.85 27.75 

44.00 26.50 

63.50 27.00 

73.31 40.00 

 

8.4. Results 

Table 8.3 

Method Factor of Safety 

Spencer 1.277 

GLE 1.262 

Janbu Corrected 1.294 

 Note: Reference factor of safety = 1.34 [Giam] 

Mean FOS (30 samples) = 1.29 

 

Figure 8.2: Solution, using the Spencer method 
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Figure 8.3: Solution, using the GLE method 

 

 

Figure 8.4: Solution, using the Janbu corrected method 
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9. Slide Verification Problem #9 

Slope, (2) materials, weak layer, water table, distributed load 

9.1. Introduction 

In 1988 a set of 5 basic slope stability problems, together with 5 variants, was distributed both in the 

Australian Geomechanics profession and overseas as part of a survey sponsored by ACADS (Giam & 

Donald (1989)). This is the ACADS 4 problem. 

 

9.2. Problem Description 

Problem #9 is shown in Figure 9.1. The soil properties, external loadings and piezometric surface are 

shown in Table 9.1, Table 9.2 and Table 9.3 respectively. The effect of a tension crack is to be ignored. 

The noncircular critical slip surface and corresponding factor of safety is calculated.  

A block search for the critical non-circular failure surface was carried out by defining a block search 

polyline object within the weak layer, and variable projection angles from the weak layer to the slope 

surface. A total of 5000 random surfaces were generated by the search. The results are compared with 

optimization results. 

 

9.3. Geometry and Material Properties 

 

Figure 9.1: Geometry Setup in Slide 
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Table 9.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

Soil #1 28.5 20.0 18.84 

Soil #2 0 10.0 18.84 

 

Table 9.2: External Loadings 

Xc (m) Yc (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 9.3: 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 

6 74.0 37.6 

7 80.0 38.4 

8 84.0 38.4 
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9.4. Results 

No optimization 

Table 9.4 

Method Factor of Safety 

Spencer 0.760 

GLE 0.720 

Janbu Corrected 0.734 

    Note: Reference factor of safety = 0.78 [Giam] 

     Mean Non-circular FOS (20 samples) = 0.808 

     Reference GLE Factor of Safety = 0.6878 [Slope 2000] 

 

 

Figure 9.2: Solution, using the Spencer method 
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Figure 9.3: Solution, using the GLE method 

 

 

Figure 9.4: Solution, using the Janbu correction method 
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Table 9.5: Block search with optimization 

Method Factor of Safety 

Spencer 0.707 

GLE 0.683 

Janbu Corrected 0.699 

    Note: Reference factor of safety = 0.78 [Giam] 

     Mean Non-circular FOS (20 samples) = 0.808 

     Reference GLE Factor of Safety = 0.6878 [Slope 2000] 
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10. Slide Verification Problem #10 

Slope, homogenous, pore pressure grid, ponded water 

10.1. Introduction 

In 1988 a set of 5 basic slope stability problems, together with 5 variants, was distributed both in the 

Australian Geomechanics profession and overseas as part of a survey sponsored by ACADS (Giam & 

Donald (1989)). This is the ACADS 5 problem. 

 

10.2. Problem Description 

Problem #10 is shown in Figure 10.1. The soil properties are given in Table 10.1. This slope has been 

excavated at a slope of 1:2 (ɓ=26.56ę) below an initially horizontal ground surface. The position of the 

critical slip surface and the corresponding factor of safety are required for the long-term condition, i.e. 

after the ground water conditions have stabilized. Pore water pressure may be derived from the given 

boundary conditions or from the approximate flow net provided in Figure 10.2. If information is required 

beyond the geometrical limits of Figure 10.2, the flow net may be extended by the user. Grid interpolation 

is done with TIN triangulation. The critical slip surface (circular) and the corresponding factor of safety is 

calculated. 

 

10.3. Geometry and Material Properties 

 

Figure 10.1: Geometry Setup in Slide 

Note:  Grid used to draw waterline (which comes from Figure 10.2) is identical to the data used in 

tutorial 5 (tutorial5.sli). The data can be imported from tutorial5.sli or verification#10.sli. 



 56  rocscience.com 

 

Figure 10.2: Approximate Flow Net 

Table 10.1: Soil Properties 

cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

11.0 28.0 20.00 

 

10.4. Results 

Table 10.2 

Method Factor of Safety 

Bishop 1.498 

Spencer 1.500 

GLE 1.500 

Janbu Corrected 1.457 

Note: Reference factor of safety = 1.53 [Giam] 

 Mean FOS (23 samples) = 1.464 
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Figure 10.3: Solution, using the Bishop simplified method 

 

 

Figure 10.4: Solution, using the Spencer method 
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Figure 10.5: Solution, using the GLE method 

 

Figure 10.6: Solution, using the Janbu corrected method 
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11. Slide Verification Problem #11 

Embankment, (2) materials, pore pressure grid 

11.1. Introduction 

This problem is an analysis of the Saint-Alban embankment (in Quebec) which was built and induced to 

failure for testing and research purposes in 1972 (Pilot et.al, 1982). 

 

11.2. Problem Description 

Problem #11 is shown in Figure 11.1. The material properties are given in Table 11.1. The position of the 

critical slip surface and the corresponding factor of safety are required. Pore water pressures were 

derived from the given equal pore pressure lines on Figure 11.1., using the Thin-Plate Spline interpolation 

method. 

 

11.3. Geometry and Material Properties 

 

Figure 11.1: Geometry Setup in Slide 

Table 11.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

Embankment 0 44.0 18.8 

Clay Foundation 2 28.0 16.68 
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11.4. Results 

Table 11.2 

Method Factor of Safety 

Bishop 1.037 

Spencer 1.065 

GLE 1.059 

Janbu Corrected 1.077 

Note: Reference factor of safety = 1.04 [Pilot] 

 

 

Figure 11.2: Solution, using the Bishop simplified method 
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Figure 11.3: Solution, using the Spencer method 

 

 

Figure 11.4: Solution, using the GLE method 
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Figure 11.5: Solution, using the Janbu corrected method 
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12. Slide Verification Problem #12 

Embankment, (4) materials, tension crack, pore pressure grid 

12.1. Introduction 

This problem is an analysis of the Lanester embankment (in France) which was built and induced to 

failure for testing and research purposes in 1969 (Pilot et.al, 1982). 

 

12.2. Problem Description 

Problem #12 is shown in Figure 12.1.  The material properties are given in Table 12.1.  The entire 

embankment is assumed to represent a dry tension crack zone. The position of the critical slip surface 

and the corresponding factor of safety is calculated. Pore water pressures were derived from the data in 

Table 12.2 using the Thin-Plate Spline interpolation method. 

Note: 30 slices used. 

 

12.3. Geometry and Material Properties 

 

Figure 12.1: Geometry Setup in Slide 

Note: Tension crack depth (hatched region in the diagram) is 4 m 

 



 64  rocscience.com 

Table 12.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

Embankment 30 31 18.2 

Soft Clay 4 37 14 

Silty Clay 7.5 33 13.2 

Sandy Clay 8.5 35 13.7 

 

Table 12.2: 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 10.5 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 -- -- -- 

 

12.4. Results 

Table 12.3 

Method Factor of Safety 

Bishop 1.069 

Spencer 1.079 

GLE 1.077 

Janbu Corrected 1.138 

 Note: Authorôs factor of safety (by Bishop method) = 1.13 [Pilot] 
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Figure 12.2: Solution, using the Bishop simplified method 

 

 

Figure 12.3: Solution, using the Spencer method 
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Figure 12.4: Solution, using the GLE method 

 

 

Figure 12.5: Solution, using the Janbu corrected method 
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13. Slide Verification Problem #13 

Embankment, (3) materials, pore pressure grid 

13.1. Introduction 

This problem is an analysis of the Cubzac-les-Ponts embankment (in France) which was built and 

induced to failure for testing and research purposes in 1974 (Pilot et.al, 1982). 

 

13.2. Problem Description 

Problem #13 is shown in Figure 13.1. The material properties are given in Table 13.1. The position of the 

critical slip surface and the corresponding factor of safety is required. Pore water pressures were derived 

from the data in Table 13.2 using the Thin Plate Spline interpolation method. 

 

13.3. Geometry and Material Properties 

 

Figure 13.1: Geometry Setup in Slide 

Table 13.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

Embankment 0 35 21.2 

Upper Clay 10 24 15.5 

Lower Clay 10 28.4 15.5 
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Table 13.2: 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 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 -- -- -- 

 

13.4. Results 

Table 13.3 

Method Factor of Safety 

Bishop 1.314 

Spencer 1.334 

GLE 1.336 

Janbu Corrected 1.306 

 Note: Authorôs factor of safety (by Bishop method) = 1.24 [Pilot] 
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Figure 13.2: Solution, using the Bishop simplified method 

 

 

Figure 13.3: Solution, using the Spencer method 
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Figure 13.4: Solution, using the GLE method 

 

 

Figure 13.5: Solution, using the Janbu corrected method 
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14. Slide Verification Problem #14 

Slope, homogenous 

14.1. Introduction 

This model is taken from Arai and Tagyo (1985) example#1 and consists of a simple slope of 

homogeneous soil with zero pore pressure. 

 

14.2. Problem Description 

Verification problem #14 is shown in Figure 14.1. The soil properties are given in Table 14.1. The position 

of the critical slip surface and the corresponding factor of safety is calculated for both a circular and 

noncircular slip surface.  There are no pore pressures in this problem.  

 

14.3. Geometry and Material Properties 

 

Figure 14.1: Geometry Setup in Slide 

Table 14.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

Soil 41.65 15 18.82 
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14.4. Results 

Table 14.2: Circular ï using auto-refine search 

Method Factor of Safety 

Bishop 1.409 

Spencer 1.319 

GLE 1.414 

Janbu Corrected 1.407 

Note: Arai and Tagyo (1985) Bishops Simplified Factor of Safety = 1.451 

 

 

Figure 14.2: Solution, using the Bishop simplified method 
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Table 14.3: Noncircular ï using Path search with Optimization 

Method Factor of Safety 

Janbu Simplified 1.253 

Janbu Corrected 1.346 

Spencer 1.386 

Note: Arai and Tagyo (1985) Janbu Simplified Factor of Safety = 1.265 

          Arai and Tagyo (1985) Janbu Corrected Factor of Safety = 1.357 

 

 

 

Figure 14.3: Noncircular failure surface, using the janbu simplified method 
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15. Slide Verification Problem #15 

Slope, (3) materials, weak layer 

15.1. Introduction 

This model is taken from Arai and Tagyo (1985) example#2 and consists of a layered slope where a layer 

of low resistance is interposed between two layers of higher strength. A number of other authors have 

also analyzed this problem, notably Kim et al. (2002), Malkawi et al. (2001), and Greco (1996). 

 

15.2. Problem Description 

Verification problem #15 is shown in Figure 15.1. The soil properties are given in Table 15.1. The position 

of the critical slip surface and the corresponding factor of safety are calculated for both a circular and 

noncircular slip surface.  There are no pore pressures in this problem.  

 

15.3. Geometry and Material Properties 

 

Figure 15.1: Geometry Setup in Slide 

Table 15.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) g  (kN/m3) 

Upper Layer 29.4 12 18.82 

Middle Layer 9.8 5 18.82 

Lower Layer 294 40 18.82 
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15.4. Results 

Table 15.2: Circular ï using auto refine search 

Method Factor of Safety 

Bishop 0.420 

Spencer 0.409 

GLE 0.437 

Janbu Corrected 0.423 

Note: Arai and Tagyo (1985) Bishops Simplified factor of safety = 0.417 

          Kim et al. (2002) Bishops Simplified factor of safety = 0.43 

 

 

Figure 15.2: Circular failure surface, using the Bishop simplified method 
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Table 15.3: Noncircular ï using Random search with Optimization (1000 surfaces) 

Method Factor of Safety 

Janbu Simplified 0.396 

Janbu Corrected 0.418 

Spencer 0.414 

Note: Greco (1996) Spencer method using monte carlo searching = 0.39 

          Kim et al. (2002) Spencer method using random search = 0.44 

          Kim et al. (2002) Spencersmethod using pattern search = 0.39 

          Arai and Tagyo (1985) Janbu Simplified Factor of Safety = 0.405 

          Arai and Tagyo (1985) Janbu Corrected Factor of Safety = 0.430 

 

 

Figure 15.3: Noncircular failure surface using the Spencer method and random search 



 77  rocscience.com 

16. Slide Verification Problem #16 

Slope, homogenous, water table 

16.1. Introduction 

This model is taken from Arai and Tagyo (1985) example #3, and it consists of a simple slope of 

homogeneous soil with pore pressure. 

 

16.2. Problem Description 

Verification problem #16 is shown in Figure 16.1. The material properties are given in   Table 16.1. The 

location for the water table is shown in Figure 16.1. The position of the critical slip surface and the 

corresponding factor of safety is calculated for both a circular and noncircular slip surface.  Pore 

pressures are calculated assuming hydrostatic conditions. The pore pressure at any point below the 

water table is calculated by measuring the vertical distance to the water table and multiplying by the unit 

weight of water. There is zero pore pressure above the water table. 

 

16.3. Geometry and Material Properties 

 

Figure 16.1: Geometry Setup in Slide 

Table 16.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) g (kN/m3) 

Soil 41.65 15 18.82 



 78  rocscience.com 

16.4. Results 

Table 16.2: Circular ï using auto refine search 

Method Factor of Safety 

Bishop 1.118 

Janbu Simplified 1.046 

Janbu Corrected 1.131 

Spencer 1.118 

 Note: Arai and Tagyo (1985) Bishops Simplified factor of safety = 1.138 

 

 

Figure 16.2: Circular failure surface using the Bishop simplified method   
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Table 16.3: Noncircular ï using Random search with Monte-Carlo optimization 

Method Factor of Safety 

Janbu Simplified 0.968 

Janbu Corrected 1.050 

Spencer 1.094 

Note: Arai and Tagyo (1985) Janbu Simplified Factor of Safety = 0.995 

          Arai and Tagyo (1985) Janbu Corrected Factor of Safety = 1.071 

 

 

Figure 16.3: Noncircular failure surface using Janbu simplified method 
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17. Slide Verification Problem #17 

Slope, homogenous 

17.1. Introduction 

This model is taken from Yamagami and Ueta (1988), and it consists of a simple slope of homogeneous 

soil with zero pore pressure. Greco (1996) has also analyzed this slope. 

 

17.2. Problem Description 

Verification problem #17 is shown in Figure 17.1. The material properties are given in    Table 17.1. The 

position of the critical slip surface and the corresponding factor of safety is calculated for both a circular 

and noncircular slip surface.  There are no pore pressures in this problem.  

 

17.3. Geometry and Material Properties 

 

Figure 17.1: Geometry Setup in Slide 

Table 17.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) g (kN/m3) 

Soil 9.8 10 17.64 
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17.4. Results 

Table 17.2: Circular ï using auto refine search 

Method Factor of Safety 

Bishop 1.344 

Original 1.278 

Note: Yamagami and Ueta (1988) Bishop Simplified factor of safety =    

           1.348 

          Yamagami and Ueta (1988) Fellenius/Ordinary factor of safety =       

           1.282 

 

 

Figure 17.2: Circular failure surface, using the Bishop simplified method 
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Table 16.3: Noncircular ï using Random search with Monte-Carlo optimization 

Method Factor of Safety 

Janbu Simplified 1.178 

Spencer 1.325 

 Note: Yamagami and Ueta (1988) Janbu Simplified Factor of Safety =    

           1.185 

          Yamagami and Ueta (1988) Spencer Factor of Safety = 1.339 

          Greco (1996) Spencer Factor of Safety = 1.33 

 

 

Figure 17.3: Noncircular failure surface, using the Spencer method 
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18. Slide Verification Problem #18 

Slope, homogenous slope, ru pore pressure 

18.1. Introduction 

This model is taken from Baker (1980) and was originally published by Spencer (1969). It consists of a 

simple slope of homogeneous soil with pore pressure. 

 

18.2. Problem Description 

Verification problem #18 is shown in Figure 18.1. The material properties are given in  Table 18.1. The 

position of the critical slip surface and the corresponding factor of safety is calculated for a noncircular slip 

surface.  The pore pressure within the slope is modeled using a Ru value of 0.5.  

 

18.3. Geometry and Material Properties 

 

Figure 18.1: Geometry Setup in Slide 

Table 18.1: Soil Properties 

 cȭ (kN/m2) fȭ (deg.) g (kN/m3) Ru 

Soil 10.8 40 18 0.5 
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18.4. Results 

Table 18.2: Noncircular ï using Random search with Monte-Carlo optimization 

Method Factor of Safety 

Spencer 1.010 

Note: Baker (1980) Spencer factor of safety = 1.02 

 Spencer (1969) Spencer factor of safety = 1.08 

 

 

Figure 18.2: Noncircular failure surface, using the Spencer method 

 

 






































































































































































































































































































































































































































































































































































