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1 Introduction
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computer code to provide a solution consistent with the physics of the problémre are also other factors such

as initial conditions, boundary conditions, and control variables that may affect the accuracy of the code to

perform as sated.

Verification is generally achieved by solving a series-obed benchmark problems. Benchmark problems are

those for whicha closedform solutionexists2 NJ T2 NJ ¢ KA OK (G KS a2f dzii A 2 ecakksed 0 S (
off 2y AKI YR OFf Odz I GA2ya GKIFIG KFE@S 6SSy LISNF2NYSRO® t d:
or textbooks also lends credibility to the solution.

There are also exampfgoblems that have been solved and published in documentation associated with other
comparable software packages. While these are valuatmeparisonsthe possibility exists fahe published
analysis definition and solution to comprise errorensequeny, care must be takewhen verifying by means of
comparison with other softward-urthermore,it is not possible to verifpumerical software foall possible
scenariosRather, it is an ongoing process that establishes credibility with time.

2 Verificatio ns

The following examples compare the resultstability analyseagainst published solutions presented in

textbooks or journal paperg.here is a group of models that was distributed to geomechanics professional as part
of a survey sponsored by the Asgtion 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 prograims results were reviewed by an expert
panel to establish the most likely correct soluti@iam and Donald (1989) authored the complete report of the
study. These verifications contain ACADS in the title.

2.1  ACADS Simple Slope
Project File: ACA@mMple Sipe.gsz

This model contains a simple case of a total stress analysis without consideringaiergpressures. It is a simple
analysis that represents a homogenous slope with given soil properties. Theegitteearch technique was used
to locate thecritical slip surface. This model is originally published by the ACADS study (Giam and Donald, 1989).

2.1.1 Geometry and Material Properties

(50, 35)

Figurel Simple Slope: Geometry



Tablel Simple Slope: Material Properties

¢ (kN/m?) f g (kN/m3)
(degrees)
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

Table2 Simple Slope: Results

Method Factor of Safety
Moment | Force
Bishop 0.963
Janbu 0.992

Morgenstern 0.991 0.991
Price

Factor of Safety

M 0.991- 1.091
E 1.091- 1.191
01.191-1.291
0 1.291-1.391
0 1.391- 1.491
O 1.491-1.591
O 1.591-1.691
0 1.691-1.791
W 1.791-1.891
W =1.891

Figure2 Simple Slope: Critical Slip Surface

Factor of Safety vs. Lambda
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Figure3 Simple Slope: Factor of Safety vs Lambda.



2.2  ACADS Tension Crack
Project File: ACAC®mple Slopgsz

This model has the same slope geometry as verification problem #1, with the exception that a tension crack zone
has been added as shownHkigure4.

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 tes given by (Craig, 1997):

p i Q¢

p i Q¢

0 QMo ¢ hQ
rQ

whichresults in a tension crack depth of about 3.6 m. The eakiy search technique was used to locate the
critical slip surface.

2.2.1 Geometry and Material Properties

Figure4 Tension Crack: Geometry

Table3 TensionCrack: Material Properties

c (kN/m?) | 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 figeeg.actor of Safety
published by the ACADS study is 1.65 to 1.70.

Table4 Tension Crack: Results

Method Factor of Safety
Moment | Force
Bishop 1.664
Janbu 1.471
Morgenstern 1.660 1.660
Price




Factor of Safety

M 1.660 - 1.760
[ 1.760 - 1.860
[J 1.860 - 1.960
1.960 - 2.060
2.060-2.160
2.160 - 2.260
2.260 - 2.360
2.360 - 2.460
2.460 - 2.560
=

O
]
]
]
]
L]
]

Figure5 Tension Crack: Critical Slip Surface
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Figure6 Tension Crack: Factor of Safety vs Lambda.

2.3 ACADS NonHomogeneous
Project File: ACAD®NRHomogemrous Slopaysz

This model is a nehomogereous threelayer slope with geometry shown Figure7 and material properties
shown inTable5. The entryexit search technique was usedltxate the critical slip surface.



2.3.1 Geometry and Material Properties

(50, 35) (70, 35)

Figure7 Non-Homogereous Slope: Geometry

Table5 Non-Homogereous Slope: Material Properties

c (kN/m?) | f (degrees) g
(kN/m83)
Soil #1 0.0 38.0 195
Soil #2 5.3 23.0 195
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.

Table6 Non-homogereous Slope: Results

Method Factor of Safety
Moment | Force
Bishop 1.414
Janbu 1.319
Morgenstern 1.382 1.382
Price
.1&2
Factor of Safety
W 1.382-1.482
M 1.482-1.582

-1.682
-1.782
-1.882
-1.982
-2082
-2182
-2282

TEEEEEE
SERERERE

N

Figure8 Non-homogereous Slope: Critical Slip Surface



Factor of Safety vs. Lambda
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Figure9 Non-homogereous Slope: Factor of Safety vs Lambda.

2.4  ACADS NonHomogenous with Seismic Load
Project File: ACAD®NnHomogemrous Slopaysz

This model is identical to the previous model with the exception that a horizontal seismically inducedaticcele
of 0.15g was included in the analysis. The esttif search technique was used to locate the critical slip surface.
No porewater pressures are designated and therefore a total stress analysis is performed.

241 Geometry and Material Properties

P20, 25)

\ /52, 24) (70, 24)

(20, 20) (70, 20)

Figure10 Non-Homogeneous Slope with Seismic Load: Geometry

Table7 Non-Homogenous Slope with Seismic Load: Material Properties

| ckN/MP) | f (degrees)| g(kN/m?)
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.




















































































































































































































































































