COMPUTER SOFTWARE FOR
SLOPE STABILITY ANALYSIS

by

D.G. Fredlund, MEIC
Professor of Civil Engineering
University of Saskatchewan
Saskatoon, Saskatchewan

Presented to the 90th Annual
EIC-ICI Congress 76
Halifax, Nova Scotia
October 4 to 8, 1976



ABSTRACT

A survey was conducted of Canadian universities and consulting
engineering firms to ascertain the present status of slope stability
software usage in Canada. The results indicate that most universities
have access to at least one slope stability computer program. However,
there is limited usage of computer programs as a teaching tool at the
undergraduate or graduate level. In general, the programs are poorly
documented and not distributed. Consulting engineering firms indicate
that more education on the relationship between the various methods of
slices, on available software and its application to practical problems,
would be beneficial. The most commonly used procedures are the
Simplified Bishop method for circular failure surfaces and the
Morgenstern-Price method for non-circular failure surfaces.

Several well-documented slope stability computer programs are
available to the geotechnical engineer at the cost of reproduction. The
source for obtaining the programs is listed in the paper. Computer
programs are available for all the commonly used methods of slices and

the features of each program are also summarized in the paper.



COMPUTER SOFTWARE FOR SLOPE STABILITY ANALYSIS

INTRODUCTION

Many factors must be evaluated when assessing the stability of an
earth slope. The coordinates of the surface of the slope along with
the boundaries of all stratigraphic units must be determined. Suitable
shear strength parameters must be evaluated for each soil type. Also,
the present and/or future pore water pressures within the slope must
be measured or predicted. Once the above information is assembled,

a complete analysis for the minimum factor of safety involves considering
a grid of potential slip circle centers with several radii considered at
each center. It is easy to visualize the above analysis involving in
excess of 1000 factor of safety computations. Each factor of safety
equation is nonlinear (with the exception of the Ordinary method)

and therefore a voluminous amount of computations are involved in
determining the minimum factor of safety. For this reason, it becomes
highly advantageous to utilize a digital computer to perform the
calculations accurately, within a reasonable time scale.

The basic goals in using combuter software (Bland, 1975) must be
kept in mind when considering slope stability computer programs. They
are to:

1.) Reduce the overall cost of solving the problem,

2.) Minimize the cost of the project to the client and the public,

3.) Compress the design and construction schedules, and

4.) Extend the capabilities of professional personnel.

In 1967, Whitman and Bailey estimated that from 25 to 50 slope
stability computer programs had been written in United States. Most of
these were not comprehensive and used "very approximate procedures".

During the past decade the finite element numerical method has become
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popular and there has been considerable computer programming associated
with this area. However, it appears that few new slope stability
programs have been written. Presently there are a limited number of
slope stability computer programs that can be considered properly
documented, portable and fully debugged. The features of available
programs are described later in this paper.

There are three main classes of problems where slope stability
software can be used to great advantage. These are:

i) At the design stage - In the design of man-made excavations or
embankments, it is necessary to assess the shear strength parameters
and pore water pressures associated with each stratigraphic unit. The
minimum factor of safety can then be computed for various side slope
conditions. A similar procedure is applicable for the assessment of
stability of natural slopes when some modification in the environment
and/or loading conditions is anticipated.

ii) At the remedial stage - In this case the slope has already
failed and the engineer must recommend suitable remedial steps. The
factor of safety is set equal to one and the shear strength parameters
for the most crucial soil strata are computed using a "back calculating”
technique. These shear strength parameters are then used to assess
the beneficial effects of such factors as berming, excavation of the
top of the slope and dewatering.

iii) For research purposes - There is still the need for detailed,
carefully investigated and fully documented case histories of slopes
that have failed. A complete analytical study should accompany the
investigation in order to increase the practicing engineers confidence

in the various procedures for assessing the factor of safety.
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- In 1975, Benson and Tawil presented an overall review of computer
applications in the geotechnical community. The main objectives of this
paper are to:

i) briefly review the theory associated with the 2-dimensional
slope stability analysis

ii) present the status of slope stability computer program usage
in Canada,

iii) outline the requirements for satisfactory slope stability
software and

iv) elaborate on the features of readily available slope stability

software.

THEORY
During the past 3 decades approximately one dozen limit equilibrium
methods of slices have been developed for 2-dimensional analysis of
slopes. The most commonly used methods are:
i) The Ordinary method. Other names given to this method are the
Fellenius, Swedish Circle and Conventional method.
ii) The Simplified Bishop method
jii) The Spencer method
jv) Taylor's Modified Swedish method or the Corps of Engineers' method.
Both methods satisfy force equilibrium only and form a special case of
Spencer's method.
v) The Janbu Rigorous method
vi) The Morgenstern-Price method.
The above methods differ in i) the statics employed in deriving
the factor of safety equation and ii) the assumption used to render the

problem determinate (Fredlund, 1975).



The forces involved in the derivation of the factors of safety for
a general 2-dimensional problem are shown in Figure 1 and the variables

are defined in Appendix A.

The factor of safety equation for the Ordinary and the Simplified
BishOp method is derived by considering moment equilibrium for the
overall slope. The equation can be written in the same form for both
methods.

] F =Zc TR+ P - u-l)-R-tan p
m IW-x - Ik-W-e + A-a + L-d

The factor of safety equation for Janbu's Rigorous method is
derived by considering force equilibrium for the overall slope. The

equation takes the form.

(2] F, - IS :l:cose + £(P - u-1)-tan B -cosa
f IP-Sina + Ik-W + A - L-cosw

The Spencer method and the Morgenstern-Price method satisfy both of
the above equations (i.e. moment and force equilibrium for the overall
slope) (Fredlund and Krahn; 1976).

The various methods of slices also differ in the assumption they
make regarding the interslice forces. Although this assumption always
cancels out of the overall equilibrium equations, it affects the force
at the base of each slice. The normal force equation for all methods,
with the exception of the Ordinary method, can be written in the following

form (Fredlund and Krahn, loc cit)

_ c -1-sina , u-1-tan ﬂ'-sina
] petoURoM)I TR
m

[}

where

]
i . n
m = cosa + sina - tan f
a F
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The interslice shear forces (i.e. Xp - XL) are zero for the
Simpiified Bishop method. Spencer's method sets a constant relationship
between the shear and normal interslice forces. That is,

[4] X = E-tane

Morgenstern-Price's method uses a variable or functional relationship
between the shear and normal interslice forces.
[5] X = E-a-f(x)

Janbu's Rigorous method assumes a "line of thrust" to define the
point of application of the interslice forces.

[6] X = E-tan ay

The results of the various methods of slices can be compared by
plotting the factor of safety with respect to moment and force
equilibrium versus lambda, A (Figure 2). For both circular and composite
(or non-circular) shaped failure surfaces, the relationship between the
moment and force equilibrium factors of safety is similar. It is
significant that the moment equilibrium factor of safety is quite
insensitive to the side force assumption. Therefore, the Simplified
Bishop method gives similar results to the Spencer and Morgenstern-Price

methods.

STATUS OF SLOPE STABILITY PROGRAM USAGE

A survey was conducted of most of the universities and many of the
engineering consulting firms, government agencies and large engineering-
contracting companies to ascertain the present status slope stability
computer program usage. The survey was performed only in Canada; however,

many of the findings are also relevant to other countries.
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Some of the results of the survey of the universities are presented
in Table I. The following points can be made based on the comnlete
survey.

1.) Most universities in Canada have one or more slope stability
computer programs available for their usage.

2.) Most computer programs have been developed either by a graduate
student or a staff member to solve for the factor of safety by one of the
methods of slice. The programs serve an immediate need but is not
comprehensive and suitable for distribution.

3.) The programs are generally in an "ad hoc" state with poor
documentation. As a result they are not distributed outside of the
university. As well, they are often in "cold storage”.

4.) The programs are generally used by one university staff member for
some teaching (graduate and/or undergraduate) and a limited amount of
consulting. However, most universities still do not make significant
usage of a slope stability computer package as a teaching tool in soil
mechanics. Generally programs are used at either the undergraduate or
graduate level but not both.

5.) There are only a couple of slope stability programs developed
at universities that are well-documented and distributed on a routine basis.

6.) Universities appear to be slow, in general, to seek out and
use programs they have not written.

7.) Few universities are presently involved in the development of
new slope stability software. The main reasons appear to be the -widespread
emphasis on the finite element numerical technique and the shortage of
financial assistance for software development.

8.) The most commonly available computer programs are for the

Simplified Bishop method and the Morgenstern-Price method. Several



TABLE 1

SLOPE STABILITY COMPUTER PROGRAM USAGE IN CANADA

METHOD OF WRITTEN AT DOCUMENTED & USAGE **
UNIVERSITY ANALYSIS* UNIVERSITY DISTRIBUTED TEACHING { CONSULTING | RESEARCH
R B No No 1 1 1
2 - - - - - -
3 B,MP B (No) B (No) 0 2 2
MP (Yes) MP (Yes)
4 F, B, JR Yes No 1 1 1
5 B, MP B (Yes) No 1 1 1
MP (No)
6 B No No 1 1 0
7 F, B, S, Yes Yes 2 2 2
c, Js,
JR, MP
8 B No No 1 1 1
9 B, MP No No 2 1 2
10 B, JR, MP B (Yes) B (Yes) 1 1
Others (No)
1 F, B, JR JR (Yes) No 1 1 2
Others (No)
12 B Yes No 0 0 1
13 F, B, MP No No 2 2 1
14 B Yes Yes 1 1 1
15 B No No 1 0 1
* F - Fellenius or Ordinary ** 0 - No usage
B - Simplified Bishop 1 - Limited usage
S - Spencer 2 - Considerable Usage
C - Corps of Engineers
JS - Janbu's Simplified
JR - Janbu's Rigorous
MP - Morgenstern-Price
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universities have developed small computer programs for the Simplified
Bishop method.

9.) At many universities, there seems to be 1ittle emphasis on the
possible uses of slope stability software. This appears to be mainly due
to limited usage of slope stability programs.

10.) Very little consideration is given to 3-dimensional slope stabhility
analysis and computer programs.

11.) The integrated system software package LEASE (Simplified Bishop
Method) appears to be maintained on only a couple of university computer
systems in Canada.

The result of the survey of engineering consulting firms are as follows:

1.) There is fairly extensive usage of slope stability software by large
engineering consulting firms in Canada Their usage has commenced during the
past few years as a result of involvement in a large engineering project.

2.) Up-keep of the programs and familiarity with their usage are problems
that arise mainly, due to the time lag between the usage of the program.

3.) Small engineering consulting firms generally do not maintain their
own slope stability software. They sometimes get assistance from larger
consulting firms or utilize computer programs made available by software
companies. Most often they attempt to manage without using computer programs.

4.) The most commonly used methods are:

i) the Simplified Bishop method and
ii) the Morgenstern-Price method.
There is limited usage of:
i) the Ordinary or Fellenius method and

ii) Janbu's Rigorous method.
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5.) There has been a definite reduction in the usage of the
Ordinary or Fellenius method by geotechnical engineers during the
past few years. At present, there is little use of this method in
practice.

6.) Consulting engineering firms desire to see more education at
Universities on the usage of slope stability programs.

7.) Consulting engineering firms often have difficulties with the
theory related to the s]bpe stability analyses. This is particularly
true with respect to the relationship between the various methods of
slices and the significance of each method. There is often confusion
over the use of circular versus composite (or non-circular) modes of
failure and the information required for a complete slope stability study.

8.) Few consulting engineering firms maintain 3-dimensional slope
stability software. There is often confusion over whether a 2-dimensional
or 3-dimensional analysis should be used.

9.) Approximately one half of the consulting engineering firms
have attempted to work in cooperation with software companies. The
working relationship has often proven to be somewhat unsatisfactory.

Numerous government agencies are presently in the process of gaining
access to slope stability software. Theré seems to be an increased
awareness of the usefulness of slope stability programs. Several government
agencies have opted to use the large integrated systems such as ICES-LEASE

(Hsiung and Christian, 1969) and GENESYS (Allwood, 1974).

REQUIREMENTS OF A SLOPE STABILITY COMPUTER PROGRAM

There are many factors that must be given consideration in selecting a
suitable slope stability computer program (Schiffman and Jubenville,

1975). It is not enough to simply obtain a slope stability computer
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program. The distributor should also give an account with respect to
the following factors.

1.) Portability - The computer program should be written such that
it can be implemented with a minimum of effort by the user.
Portability is generally ensured when Basic Fortran is used that is
consistent with the minimum standards established by National and
International committees for the software community. The American
National Institute (1966) publish a software standard for the FORTRAN
language (i.e. ANSI). The counterpart International Organization for
Standards (i.e. ISO) has a similar set of standards. These standards
are widely accepted and ensure the portability of a program to all computer
systems. Sections of a program that do not adhere to the above standards
should be clearly delineated in the documentation. Portability is sometimes
difficult to ensure on the graphics portions of slope stability programs.

2.) Availability - Numerous computer programs have been written

where the listing is not available to other users. Generally this is due

to poor documentation or proprietory reasons. These programs are of little

use to potential users. ‘
3.) Usability - In order for a program to be usable by another person,

the program must be properly documented. In addition, it should be

user-oriented with respect to data input and flexible with respect to the

amount of data output.

4.) Adaptability - Most programs are designed to suit the desires of

the programmer. Often another user desires to modify the program to
suit different needs. The user should be able to accomplish these

modifications with a minimum of programming.
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5.) Credibility - This pertains to the verification of the
program to perform as advertised. First, the code should correctly
execute the algorithms and second, there should be "benchmark"
examples available that accurately reflect a high percentage
of the coding. The steps to verify the program should be spelled out
in the documentation.

6.) Maintainability - Some errors are generally encountered in

computer programs and there must be an organized procedure to
implement program fixes for all users. As well, there should be a
feedback system for modifications to enhance the program.

7.) Education - An education effort is generally required to
assist the engineering profession in the use of the slope stability
software, theory and application.

8.) Consultation - There must be a system whereby the user

can receive decisive advice on the operation of the program.

When giving consideration to a possible slope stability computer
package, the user must pay careful attention to the scope of the '
program. A common complaint is that the scope is to narrow and the
program will not handle the wide range of problems encountered in
practice. Some features that should be considered are:

1.) Types of Analyses - The.most commonly used methods of slices

were listed in the theory portion of this paper. Since all methods
require essentially the same basic variables to be computed, there is
little additional programming required to have more than one method of

analysis in a program.
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2.) Shape of Failure Surface - Most slope stability computer

programs will handle either a circular or composite (or non-circular)
failure surface (Figure 3). Therefore, it may be necessary to maintain
two programs. Figure 4a shows a composite failure surface that has
more than one soil type along the non-circular portion of the failure
surface.

3.) Number of Stratigraphic Units - The program should accommodate

numerous lines delineating complex geometrics or stratigraphy.
Approximately 10 lines delineating soil types with at least 10 points
per line is generally satisfactory. The program should also be able to
handle soil layers that bend backwards. Examples of this case are a
soil layer that pinches out (Figure 4b) or zones of an earth fill dam
that are discontinuous.

4.) Partial Submergence - The calculations for the effect of

partial submergence of a slope must be handled independently of the soil
layers (Figure 3b). The filling of water in a tension crack is also a
situation that is handled similar to partial submergence.

5.) Surcharging or Berming - These are examples of a pressure

being applied over a specified region (Figure 5a). These loadings are
usually handled as a soil type. When this is done, the force from the
surcharge or berm affects the computation of the normal force at the base df
each slice.

6.) External Line Loads - The program should be able to accommodate

several externally applied line loads such as the loading due to a
dragline or the restraint of a retaining wall. Line loads are treated
differently than surcharges and berms in that they do not affect the normal

force at the base of each slice (Figure 5a).
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7.) Earthquake Loading - The effects of accelerations related

to earthquake and blasting operations are generally taken into account
by applying a horizontal force through the centroid of each slice
(Figure 5b). The magnitude of this force is expressed as a fraction
of the slice weight.

8.) Pore Water Pressures - Pore water pressures can be sub-

divided into pressures that are dependent upon the soil stresses and
those that are independent of so0il stresses. The former category
commonly pertains to the pore water pressures induced in the fill and
foundation during the construction of an embankment. The pore water
pressure 1is related to the self weight of the embankment.

The pore pressure coefficient, vy specifies a linear relation-
ship between pore water pressure and the overburden pressure. Hilf's
analysis (1948 ) provides a non linear stress dependent procedure to
specify pore water pressures. It is also possible to use a finite
element numerical method along with "A" and "B" pore pressure parameters
to describe the pore water pressures over a grid of locations super-
imposed upon the soil strata.

The steady state seepage situation is independent of the soil
stresses. This case is commonly handled by converting the phreatic
line of a flownet into an approximate piezometric line for a soil
strata. It is also possible to handle the water pressures as a seepage
body force acting through the centroid of each slice. If greater
sophistication and accuracy are desired, a grid of pore water pressures
can be superimposed over the soil strata. The pore water pressures
are determined-by: -

i) sketching a flownet

ii) using a finite difference or finite element seepage computer

program.
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An interpolation procedure is used to compute the pore water
pressures at the base of each slice.

An embankment placed over insitu soil with hydrostatic or steady
state seepage conditions is a situation where the pore water pressures
required in the slope stability analysis are a combination of the
stress dependent and stress independent situations (Figure 6).

9.) Grid Search - Numerous search routines have been devised to
locate the center of minimum factor of safety. However, none of the
procedures are completely 'fool proof' when considering problems with
complex geometrics. For this reason many geotechnical engineers are
reluctant to use such a search. The more reliable procedure is to
define the 'x' and 'y’ coordinates of a grid of centers of rotation and
specify several radii ranging between two‘y'coordinates for each
center. The plot of the minimum factors of safety at each center in the
grid reveals the location of one or more minimums.

Most computer programs for non circular failure surfaces do not

allow a rapid search for the situation of minimum factor of safety.

AVAILABLE SOFTWARE

Until recently, 1ittle had been done to coordinate the efforts in
the development and dissemination of computer software. Computer programs
were generally partially developed at a university and remained in an
‘ad hoc' status.

In 1973 at a meeting of the Executive Committee of the International
Society of Soil Mechanics and Foundation Engineering, an Australian
proposal was accepted for the establishment of an Institute for the

Publicity and Exchange of Geomechanics Computer Programs (IPEGCP).
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Abstracts of computer programs are published twice a year by IPEGCP.
There is no enhancement or detailed review of the program by IPEGCP;
however, they do encourage the use of ISO FORTRAN. To date (August,
1976) only two slope stability programs have been submitted. One program
performs the Simplified Bishop method for a circular failure surface and
the Morgenstern-Price method for non-circular failure surfaces. The
second program is a three-dimensional wedge stability program. Both
programs have been submitted by Geocomp U.K. Ltd. and are available

on commercial terms to be negotiated with Geocomp.

The Geotechnical Engineering Software Activity (GESA 1976) at the
University of Colorado, Boulder,have made commendable strides over the
past several years in assisting geotechnical engineers in the acquisition,
development and use of computer software. GESA develops, collects,
enhances, distributes and maintains computer software. A1l software is
machine independent and adaptable to user needs. Software contributed
to GESA is enhanced with author's permission, to provide portability
and adaptability. The maintained software and associated documentation
is distributed at the cost of reproduction to interested parties.

The software and related materials are made available upon the under-
standing that no warranty, expressed or implied, is made by the authors
as to the accuracy and functioning of the distributed software and
related materials.

Table II summarizes the slope stability computer programs available
from GESA. ‘The SLOPE program developed at the University of Saskatchewan,
Saskatoon is presently being enhanced and added to the GESA system.

Table III summarizes some of the features of each of the two-dimensional
slope stability programs. Detailed documentation can be obtained through

GESA. Brief descriptions of each computer program are given in Appendix B .
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TABLE 11
*
SLOPE STABILITY PROGRAMS ON THE GESA SYSTEM
Program GESA Software Methods of
Name No. Date Analysis Authors ORIGINATING ORGANIZATION
MALE E06-0001- Aug. 1975 Morgenstern- N.R. Morgenstern Department of Civil Engineering,
00005 . Price . University of Alberta, Edmonton, Alberta,
V.E. Price and
Geotechnical Engineering Software Activity
University of Colorado Computing Center
Boulder, Colorado
SNOB £06-0002-~ Aug. 1975 Ordinary or R.M. leary Bureau of Soil Mechanics, 1
00007 Fellenius N.Y. State Dept. of Transportation,
and Simplified | 3-V- Masselquist Albany, New York.
Bishop R.L. Schiffman Modified by:
Geotechnical Engineering Software Activity
University of Colorado Computing Center,
Boulder, Colorado.
81SHOP £06-0003- Aug. 1975 Simplified S.M. Yoder Division of Research,
00008 Bishop Kentucky Dept. of Highways,
T.C. Hopkins Lexington, Kentucky
Y.M. Tussing and
Geotechnical Engineering Software Activity
University of Colorado Computing Center,
Boulder, Colorado.
BLOCK E06-0004~ Dec. 1975 Sliding Block Aditya Mohan Joint Highways Research Project,
00009 Analysis Engineering Experiment Station,
Purdue University,
West Lafayette, Indiana.
JANBU E06-0005- 1969 Janbu's Rigorous | S.G. Wright Department of Civil Engineering,
00010 (1960) University of California,
Berkeley, California.
PIT E06-0006- Sept. 1975 Finite Element P.D. Wang U.S. Bureau of Mines,
00011 and Limig M.C. Sun Denver Research Mining Center
Equilibrium e Denver, Colorado
Method D.W. Ropchan and
Geotechnical Engineering Software Activity
University of Colorado Computing Center
Boulder, Colorado.
SSTAB] £06-0007- June 1974 Spencer S.6. Wright Department of Civil Engineering
00012 University of Texas at Austin,
Austin, Texas.
il
SLOPE Ordinary or D.G. Fredlund 8ﬁga;£2$2; g: g::iltigglneering
Presently being enh Fellenius v an,
for the zESA s?stgm?nced Simplified Saskatoon, Saskatchewan, Canada.
Bishop
Spencer
Corps of Engineers
or Taylor's
Modified Swedish
Janbu's Simplified
Janbu's Rigorous
Morgenstern-Price

* Further information on GESA programs can be obtained from:

Professor R.L. Schiffman,

Compyting Center,
University of Colorado,
Boulder, Colorado 80309



TABLE 111
FEATURES OF TWO-DIMENSIONAL SLOPE STABILITY
PROGRAMS DISTRIBUTED BY GESA

NAME MALE SNOB BISHOP JANBU SSTABY SLOPE
- Janbu’s Rigorous - Spencer - Ordinary of Fellentus
Methods of Analysis - Morgenstern-Price Method - Fellenius = Stmpltified : g;renz;l:eld Bishop
- Simplified Bishop 8ishop - Corps of Engineers
- Janbu's Simplified
- Janbu's Rigorous
- Morgenstern-Price
No. of Strata 33 50 20 2 20 15
Shgp:f:f Failyre Non Circular Circular Circular Circular Circular and Non Circular Circular or Non Circular for
urface all methods
Partial Submergence Yes No Yes
and Tension Cracks No Yes Yes
Surcharging and Yes Yes Yes No Yes Yes
Berming
]
No - Yes, normal to surface N
External Line No No No only 10 loads, any direction (&%)
Loads - Can interpolate as ]
! pressures
1
Earthquake Yes, variable with No No ! No No Yes
Loading soil type {
Porzowzﬁ; P:essure - 1 Piezometric Line 10 Piezometric 1ines - L::_:é"hne ! Pore Pressure Coefficient, r - Pore Pressure Coefficient,| - Pore Pressure Coefficient, r,
nditiom - Pore Pressure Cosfficient, [ Seepage force parallel or v Ty - Hilf's analysis
T, to water table ) phreatic - 15 Piezometric Tines
line with - $°“s""" pressure value - Grid of specified pore
seepage or a strata pressures {999)
gradient . - Interpolation of a grid - Superposition of r and piezo-
correction. | of r, Or pore pressure metric line u
i points (68 points)
Grid Designation Individual Failure Search limited to 20 Regular x, Sophisticated grid search for - Automatic search for Regular x, y and radius grid
Surfaces Designated horizontal and 10 y and radius circular failure surface circular failure surface. for both circylar and non
vertical increments grid - Individual non circular circular failure surfaces.
i fatlure surfaces.
1
Comments - l';:""“ '°":“ on vertical |- English and SI units - g:z:?;" st [~ Cohesion changes with depth - linear variation in - User-oriented input and flexible
slices outpu L Calcomp and microfiim have a neg- specified strength option. output

- Calcomp and microfiim hard-
ware plot capabilities

hardware plot cap-
abilities

ative siope. |- anisotropic strength data

anisotropic soii
properties

Digital and Calcomp plot cap-
abilities for geometry and
factor of safety.

Coordinated with other programs
to evaluate pore water pressure
{eg. Finite Element and Hilf's
Analysis).

'
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Some slope stability computer programs can also be obtained through
The American Association of State Highway and Transportation Officials
(AASHTO) which sponsor the preparation of a "Computer System Index". *

Table IV summarizes the slope stability programs, known to the
author, that have received significant distribution in Canada.

At least one engineering consulting firm in Canada distributes
computer software on a restrictive basis. In addition, there are
software companies that offer integrated systems in Canada. The
integrated system consists of an executive program which administers
data management and the operation of specialized application subsystems.
The integrated systems contains a problem-oriented language processor
for easy use of the program. The two best known systems are ICES
(Integrated Civil Engineering Systems) and GENESYS (General Engineering
System). On the ICES system, the LEASE (Limiting Equilibrium Analysis
in Soil Engineering) subsystem is useful in analyzing the stability of
slopes by the simplified Bishop method (Bailey and Christian, 1969).
GENESYS (Allwood, 1974) is conceptually similar to ICES. It is a
British government-owned, limited corporation that offers two slope
stability subsystems.

1.) SLIP-CIRCLE/1 uses the simplified Bishop method on a circular
failure surface.

2.) NON CIRCULAR-SLIP/1 uses the Morgenstern-Price method on a
non-circular failure surface.

Both of the above subsystems were developed by Geocomp U.K. Ltd.

*Further information can be obtained from:

Mr. K.F. Kohler,

Federal Highway Administration,
400 - 7th Street, N.W.
Washington, D.C.



TABLE IV
SLOPE STABILITY PROGRAMS WRITTEN AND DISTRIBUTED IN CANADA

REFERENCE METHODS PARTICULARS
Arseneault, J.G. - Simplified Bishop - DBR Computer Program No. 27, NRC
(1967) - Supercedes DBR Program No. 19 by Irwin (1964)
- Main Timitation is that it handles only one soil
type.
Krahn, J., V.E. Price and - Morgenstern-Price - Features same as listed for MALE distributed by
N.R. Morgenstern (1971) GESA

- References i) Morgenstern and Price (1965)
i1) Morgenstern and Price (1967)

_92_

Fredlund, D.G. (1974) - Ordinary, Fellenius, - Features same as listed for SLOPE distributed by
Swedish Circle or Conventional GESA and University of Saskatchewan, Saskatoon.
- Simplified Bishop - References i) Fredlund and Naderi (1975)

- Spencer ii) Frediund (1975)

)

)
- Corps of E;g;?gﬁrs or Taylor's ii1) Fredlund and Krahn (1976)
iv) Krahn and Fredlund (1976)
)

- Janbu's Simplified v
- Janbu's Rigorous v) Pfafstetter (1963)

- Morgenstern-Price
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Applied Geodate Systems (1960) also distribute LEASE (Simplified
Bishop method) and MGSTRN (Morgenstern-Price method). McDonnell Douglas
(1973) distribute a software package that includes the Ordinary, Simplified

Bishop and Morgenstern-Price methods.

SUMMARY

Several well-documented, portable slope stability computer programs
are available to geotechnical engineers for the cost of reproduction.
The geotechnical engineers should consider several computer system factors
and slope stability analysis factors prior to selecting one or more slope
stability programs.

The survey of Canadian universities reveals that there is limited
uée of slope stability computer programs for undergraduate and graduate
teaching. Engineering consulting firms feel that more education on the
relationship between the various methods of slices, on available software
and its application to practical problems, would be beneficial. The
most commonly used procedures are the Simplified Bishop method for
circular failure surfaces and the Morgenstern-Price method for non-circular

failure surfaces.
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