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PREFACE 

A new computer program for performing slope stability calculations has 

been developed as part of Research Project 353 by the Center for Transportation 

Research at the University of Texas. A guide to the program, including a 

detailed description of the procedures for input of data and an explanation of 

the output has been prepared by Wright and Roecker (1984). In conjunction with 

the development of the user1s documentation a series of seven example problems 

was developed to aid the user in developing input data and using the computer 

program for slope stability computations. The seven example problems are pre

sented in this report. 

September 1984 

; ; ; 

Stephen G. Wright 

James D. Roecker 





ABSTRACT 

A series of seven example slope stability problems for the computer 

program, UTEXAS, is presented. The example problems consist of (1) a simple 

slope, (2) an embankment on a very strong foundation, (3) an embankment on a 

relatively weak foundation, (4) an excavated slope, (5) an embankment on a 

foundation containing a thin seam of weak material, (6) a natural slope and (7) 

a partially submerged slope. A description of each example problem, a listing 

of the input data for the computer program, and the results of the computations 

are presented and discussed for each example problem. These examples are 

intended to serve both as a guide for input of data to the computer program, 

UTEXAS, and to illustrate a variety of typical slope stability problems. 
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SUMMARY 

A series of seven distinctly different example slope stability problems 

has been developed and solved using the computer program UTEXAS. Several sets 

of computations have been performed for most of the problems to examine both 

short-term and long-term stability and the effects of such variables as tension 

cracks, varying surcharge loads on the slope and different ground water condi

tions. This report describes each of the example problems, including the 

results of the slope stability computations which have been performed. A com

plete listing of the input data required to solve each problem with UTEXAS is 

included in the report. 
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~1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 



IMPLEMENTATION STATEMENT 

Users of the newly developed computer program, UTEXAS, are encouraged to 

study each of the example problems presented in this report and to "run" each 

example problem with the computer program before undertaking solutions to much 

more complex problems. The complete listing of data for each problem is 

included in the Appendix of this report and, thus, it should be relatively easy 

for even the inexperienced user to run each of the example problems. 

As part of the implementation of the results of Project 353 and, specif

ically, the computer program, UTEXAS, a series of training workshops should be 

developed and conducted. The workshops could logically include coverage of 

both fundamentals of shear strength and slope stability along with a series of 

solutions to selected practical problems. The examples presented in this 

report could serve as problems for such a workshop. 

ix 
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SECTION 1 

INTRODUCTlON 

A series of seven example problems has been developed as part of the 

documentation for a general purpose computer program for slope stability ana

lyses, UTEXAS. This report presents these seven sample problems and the input 

data for UTEXAS. A description of the computer program and guide for input of 

data to the program "Users' Guide" is presented elsewhere by Wright and Roecker 

(1984). The example problems presented in tn;s report have been developed as a 

supplement to the users' guide and to meet several needs. First, the example 

problems serve as documented examples which can be used as "benchmarks" to ver

ify that the computer program is functioning correctly. Secondly, the example 

problems illustrate typical sets of input data for the computer program to sup

plement the user's guide presented by Wright and Roecker (1984). Finally, the 

examples have been selected to provide the user with a set of illustrative, 

instructional examples covering a variety of typical, basic slope stability 

problems, including excavated and fill slopes and short-term and long-term sta

bility conditions. 

The reader is assumed to have read and be familiar with the users' manual 

for the slope stability computer program, UTEXAS, before reading this report. 

In the following sections of this repoT't each of the seven examples is 

described and the results of the stability calculations performed by the 

computer program are presented. l1 st i ngs of input data for the computer pro

gram are contained in Appendices A through G for each of the example problems. 

1 
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The printed output produced by the computer program for the seven example 

problems is approximately 450 pages in length. Because of the relatively great 

length of the printer output and because the primary intent of this report is 

to present sample data, rather than to discuss output in detail, the printed 

output is not included as part of this report. However, it is expected that the 

reader will execute the computer program with each of the example problem data 

sets included in the Appendices and refer to the output while studying each 

example problem presented in this report 

The seven example problems are referred to as "Example Problems A through 

G," and are as follows: 

A) Simple Slope. This problem is a relatively simple problem designed to 

help the beginning user become familiar with the computer program by 

beginning with a simple problem. 

B) Embankment on Strong Foundation. This problem illustrates a series of 

slope stability calculations for a typical embankment where the founda

tion is sufficiently strong to have no influence on the stability of the 

embankment. 

C) Embankment (Earth Fill) on Weak Foundation. This problem illustrates a 

series of slope stability calculations for an embankment on a relatively 

soft, weak foundation where the strength of the foundation has a signif

icant effect on the stability of the embankment. 

D) Excavated Slope. In this example a series of stability calculations 

are presented for a typical excavated slope. 

E) Embankment on Foundation with "Thin" Weak Soil Layer. This example 

illustrates a series of stability calculations for an embankment where the 

foundation contains a relatively thin, weak soil layer which causes the 

most critical sliding surface to be noncircular in shape. 

... 
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F) "Natural Slope. This example is taken from the user's manual for the 

slope stability computer program, STABL. by Siegel (1978). The example is 

used to illustrate a series of slope stability computations for what could 

be either a natural or an excavated slope where the most critical sliding 

surface may be slightly noncircular. 

G) Partially Submerged Slope. This example is used to illustrate a series 

of slope stability computations for a partially submerged slope, which 

could be either an embankment slope or an excavated slope. The example 

illustrates several ways in which essentially the same type of computa

tions may be performed, and serves as a good problem for checking the com

puter program for correctness: The several ways in which the calculations 

are performed must yield essentially identical results if the computer 

program is operating correctly. 

In the following seven sections of this report the seven example problems 

are presented in more detail and the results of the stability calculations 

performed with the computer program are presented. 





SECTION 2 

EXAMPLE PROBLEM A - SIMPLE SLOPE 

The first example problem involves the stability computations for the 

simple, homogeneous slope illustrated in Fig. 2.1 and is designed to aid the 

beginning user in becoming familiar with the computer program. The slope is 12 

feet high and has a 3(hor1zontal)-to-1(vert1cal) side slope. The slope and its 

foundation are considered to consist of the same soil. The shear strength of 

the soil is expressed in terms of a cohesion value (c) of 200 psf and an angle 

of internal friction (.) of 22 degrees. The shear strength is expressed in 

terms of total stresses, rather than effective stresses. Accordingly, no pore 

water pressures are specified in the input data. The unit weight of the soil is 

123 pcf. 

For a simple, homogeneous slope, like the one considered in this example, 

a circular shear surface will usually produce essentially the minimum factor of 

safety. Accordingly, stability computations are performed using only circular 

shear surfaces for this problem. An automatic search is performed to locate 

the most critical shear surface. The initial mode of search consists of find

ing the most critical circle passing through the toe of the slope. Then, once 

the most critical circle through the toe of the slope is found, the search is 

allowed to continue to determine if a more critical circle may exist. 

The initial starting point of centers for the automatic search is at the 

coordinates x = 18, y = 24. The minimum size of the grid to be used, 

corresponding to the desired accuracy in the location of the center of the 

5 
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y: 123pcf 

Figure 2.1 - Cross-Section and Coordinate Axes 
of Slope for Example Problem A. 
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critical circle, is 1 foot. This grid size (1 foot) was selected because it 

represents no more than 10 percent of the slope height, which has been found to 

be a good grid size to use for homogeneous slopes such as the one in this exam

ple. Default values are used for all of the other variables in the analy

sis/computation data. 

The initial mode of search locates a critical circle through the toe of 

the slope with a center at the coordinates x = 13.0, y = 31.0 and with a radius 

of 33.6 feet. The corresponding factor of safety is 2.74 (side force inclina

tion = 12.9 degrees). The automatic search then continues and finds a more 

critical circle with a slightly lower value for the factor of safety than the 

one found for the circle passing through the toe of the slope. This more crit

ical circle has its center at the coordinates x = 13.0, y = 32.0 and a radius of 

34.6 feet. The most critical circle is shown in Fig. 2.2. The minimum factor 

of safety for this most critical circle is 2.74. (The difference between the 

factors of safety for the most critical circle through the toe of the slope and 

the most critical circle found at the end of the final search is very small and 

can only be seen by examining the fourth significant digit of the factor of 

safety. The factors of safety are 2.740 for the critical circle through toe of 

slope versus 2.739 for the most critical circle.) It is generally known that 

the most critical circle will pass through the toe of the slope for a homogene

ous slope like the one considered in this example where the friction angle, ~, 

is greater than zero. When. is equal to zero, the critical circle may tend to 

go infinitely deep as d1scussed for Example Problem C. The results of the cal

culations for this example simply illustrate the known fact that the critical 

circle passes very nearly through the toe of the slope. 
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13.0 ft Center Point 

32.0 ft 

Figure 2.2 - Most Critical Circular Shear Surface Located 
by Automatic Search for Example Problem A. 
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SECTION 3 

EXAMPLE PROBLEM B - EMBANKMENT ON STRONG FOUNDATION 

INTRODUCTION 

The second example consists of an earth fill embankment on a strong 

foundation. The embankment cross-section and coordinate axes used are shown in 

Fig. 3.1. The embankment side slopes are 3(horizontal)-to-1(vertical). The 

embankment is 25 feet high and has a crest width of 75 feet. The foundation is 

assumed to be sufficiently strong to prevent any sliding surface from passing 

into the foundation and, thus, the properties of the foundation are ignored and 

neglected in the stability computations. 

The embankment in this problem is symmetrical. Thus, both side slopes 

will have the same factor of safety and computations only need to be performed 

for one side slope. The left-hand slope was arbitrarily selected for the com

putations. 

Two separate groups of computations are performed for the embankment. The 

first group of computations is performed to compute the stability of the 

embankment immediately after construction and are referred to as "short-term," 

or "undrai ned ," stabili ty computations. The second group of stabil i ty computa

tions are performed to compute the stability of the embankment after a suffi

cient period of time has passed for any drainage of water into or out of the 

embankment (consolidation or swell) to occur, which is likely to occur, i.e. 

the soil is assumed to have reached a final equilibrium state. The second 

9 
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Figure 3.1 - Cross-Section of Slope and Coordinate Axes 
for Example Problem B. 
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series of computations are referred to as "long-term" or IIdrained" stability 

computations. 

SHORT-TERM STABILITY COMPUTATIONS 

The first group of computations are performed to determine the stability 

of the embankment immediately after construction. Since the embankment is con

sidered to be constructed of clayey soil, it is assumed that there is insuffi

cient time for a significant amount of water to flow into or out-of the soil. 

Thus, the embankment is assumed to be "undra i ned. II The shear strength is 

assumed to be determined using unconsolidated-undrained (UU or Q) type triaxial 

testing procedures. The shear strength determined in this manner is expressed 

in terms of total stresses and, accordingly, all of the short-term stability 

computations will be performed using total, rather than effective stresses. 

Except for the last seri es of short-term stabil i ty computations, the 

embankment material has a cohesion value of 1000 psf and an angle of internal 

friction of 10 degrees. For the last series of computations the strength of 

the embankment material is characterized by a nonlinear (curved) shear strength 

envelope. the embankment material has a total unit weight of 125 pcf for all of 

the short-term stability computations. 

Computation Series No.1 

The first series of stability computations employs an automatic search to 

locate a critical circle. The initial mode for the search consists of finding 

the critical circle tangent to a horizontal line at the elevation of the toe of 

the slope. Once the initial mode of search is completed, the search is termi

nated because the circle cannot pass any deeper than the toe of the slope due to 

the presence of the rock; any shallower circle will not encompass the entire 

slope and, thus, will be less critical than the one found in the initial mode of 

search. The search is initiated from an initial estimated center point at x = 
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25, y = 50. The minimum spacing between grid points for the automatic search is 

0.5 foot, which Tepresents the accuracy attained in the location of the coordi

nates of the center of the critical circle. This spacing (0.5 feet) is only 2 

percent of the slope height and should produce more than adequate accuracy for 

the location of the critical circle and corresponding minimum factor of safety 

(10 percent of the slope height would probably have been adequate). 

The critical circle found by the automatic search has a center at the 

coordinates x = 37.5, y = 68.0 and the radius is 68.0 feet. The corresponding 

minimum factor of safety is 3.96 (side force inclination = 9.7 degrees). 

Computation Series No.2 

The second series of computations is performed to illustrate the effect of 

an assumed vertical crack on the factor ~f safety. Computations are performed 

for crack depths of 3, 6, 9, and 12 feet. Except for the introduction of a 

crack into the computations, the second series of computations are identical to 

the first series. The coordinates of the centers and radii of critical circles 

and corresponding minimum factors of safety determined from Computation Series 

Nos. 1 and 2 for the various crack delltns considered 'are summarized in Table 

3.1. The factor of safety is also plotted versus the crack depth in Fig. 3.2 

for the 5 crack depths (0 through 12 f~t) cons1dered. It can be seen that the 

factor of safety first decreases with an increase in crack depth from zero and 

then increases. The crack. depth producing the minimum factor of safety is 

approximately 4.5 feet. This depth (4.5 feet) would generally be the depth 

which would be recommended for design calculations because it is the most crit

ical (produces the lowest factor of safety) and is of a reasonable magnitude. 

The approximate location of the cr1't1ca1ciT"Cle ~<trre~nding to a crack depth 

of 4.5 feet is shown in Fig. 3.3. 



Crack 
Depth 
( feet) 

0 

3 

6 

9 

12 

TABLE 3.1. SUMMARY OF SHORT-TERM STABILITY COMPUTATION 

SERIES NOS. 1 AND 2 FOR EXAMPLE PROBLEM B 

Critical Circle Information 
Minimum 

X-Coordinate Y-Coordinate Factor 
of Center of Center Radius of 

( feet) ( feet) (feet) Safety 

37.5 68.0 68.0 3.96 
I 

37.5 68.0 68.0 3.87 

37.5 68.0 68.0 3.87 

37.5 69.5 69.5 4.01 

37.5 73.0 73.0 4.35 

13 

Side 
Force 

Inclination 
(degrees) 

9.7 

10.6 

10.6 

9.8 

8.6 
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Figure 3.2 - Variation in the Factor of Safety with the Depth of Vertical Crack 
for Example Problem B - Short-Tenm Stability Computations. 
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Although the critical depth of crack can be found in the manner illus

trated by this example and the results plotted in Fig. 3.2, such an approach is 

somewhat tedious. As an alternative, experience has shown that a reasonable 

estimate for the depth of crack can be made based on Rankine active earth pres

sure theory; the depth of crack is selected as the depth to which the active 

earth pressures are negative (tensile). Based on active Rankine earth pressure 

theory the depth of the cracK (dc) is given by the following equation: 

d = c y • tan (45 - ~ m12 ) 

where cm and ~m are "mobilized" shear strength parameters defined by 

c = c 
m F 

and, 

1m = arc tan(tan ~/F) 

(3.1) 

(3.2) 

(3.3) 

and lis the unit weight of the soil. Crack depths estimated using Eq. 3.1 usu

ally are sufficiently close to the crack depth producing the minimum factor of 

safety that they can be used without the need for a series of calculations with 

varying crack depths, as were performed above. For example, for the present 

problem the crack depth computed from Eq. 3.1, using c = 1000 psf, ~ ::: 10 

degrees, and a factor of safety of 3.9, is 4.3 feet, which agrees very closelY 
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with the value suggested by the stability computations and results presented in 

Fig. 3.2. 

Computation Series No.3 

The third series of short-term stabil ity computations are performed to 

estimate the effect of a surcharge at the top of the slope on the stability. 

The surcharge was assumed to be 200 psf across the top of the slope with a set

back. of 3 feet as shown in Fig. 3.4. Such a surcharge might be produced by 

vehicles on the top of the slope although SUC" a high distributed surcharge 

pressure (200 psf) may be improbable due to vehicles alone. 

Stability computations are performed with the surcharge and assuming no 

vertical crack.. Two sets of computations are performed. For the first set of 

computations an automatic search is initiated to find the most critical circle 

tangent to a line at the elevation of the toe of the slope. For the second set 

of computations an automatic search is initiated to find the most critical cir

cle tangent to a horizontal line located at an elevation 15 feet above the toe 

of the slope. Once the critical circle tangent to the line 15 feet above the 

toe of the slope is found, the program is directed to continue the search to 

determine if a more critical circle can be found. The purpose of the second set 

of computations and search is to determine if a "local" failure near the crest 

of the slope may be possible due to the surcharge. 

Both of the automatic searches result in the same final critical circle. 

The most critical circle found for both sets Df computations has the center 

located at the coordinates x = 39.5, y = 73.0 and has a radius of 73.0 feet. 

The critical circle is tangent to the base of the slope at the foundation sur

face. The critical circle is shown in Fig. 3.5. 



3 ft r 22 ft , 

200 psf 

Figure 3.4 - Surcharge Pressures on Slope for Example Problem B 
- Short-Term Stability Computation Series No.3. 
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Computation Series No.4 

The fourth series of short-term stability computations is performed using 

a nonlinear shear strength envelope which may be more representative of the 

actual shear strength envelopes from UU (Q) type triaxial shear tests on com

pacted fill materials than the linear envelope used previously. The shear 

strength envelope used for the computations is illustrated in Fig. 3.6. The 

linear shear strength envelope used in the preceding computations is also shown 

in this figure (broken-line) for comparison. It can be seen that the straight 

line envelope used previously is a reasonable approximation of the curved shear 

strength envelope used in this fourth series of computations for normal stress

es ranging from zero to 2500 psf. The larger normal stress of 2500 psf repres

ents approximately the maximum normal stress along the most critical shear 

surface for the slope. Thus, reasonably close agreement between the factors of 

safety computed is expected using the straight line and the nonlinear shear 

strength envelopes. However, if the normal stresses were to be significantly 

higher than 2500 psf, it can be seen that the two envelopes in Fig. 3.6 begin to 

diverge and, thus, very different results could be obtained using the two 

envelopes for much higher slopes and deeper shear surfaces. 

For this series of computations an automatic search very similar to the 

ones performed previously for Computation Series Nos. 1 and 2 is performed 

using a vertical crack depth of 5 feet. The critical circle found using the 

nonlinear shear strength envelope has its center located at x = 40.0, y = 67.0 

with a radius of 67.0 feet. The corresponding minimum factor of safety is 3.87 

(side force inclination = 10.1 degrees). This value for the factor of safety 

(3.87) is essentially identical to the value suggested by the results based on 

a straight line shear strength envelope; the value of F for a straight line 

shear strength envelope with a 5 foot deep crack is approximately 3.85 as shown 

in Fig. 3.2. 
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If a vertical crack is not introduced in this example the results could be 

very different from the results obtained in Computat10n Series No. 1 with a 

straight 1 ine shear strength envelope because of differences in the shear 

strength for negative values of normal stress (a). The use of a straight line 

envelope implies that the strengths continue to be defined by the extension of 

the envelope at negative stresses, while the use of a nonlinear envelope could 

enable the user to make the shear strengths zero for negative values of normal 

stress. 

LONG-TERM STABILITY COMPUTATIONS 

The second group of stability computations for Example Problem B are per

formed to estimate the long-term stability of the slope after a sufficient 

period of time has elapsed for the soil to fully consolidate or swell and reach 

a final equilibrated state. The shear strengths in this case are expressed in 

terms of effective stresses and effective stresses are used for all of the sta

bility computations. The shear strength parameters are determined using either 

consolidated-drained (CD or S) type triaxial or direct shear tests or consoli

dated-undrained (CU, R) type triaxial shear tests with pore water pressure mea

surements. For all of the long-term stability computat10ns, excepting those in 

Computation Series No.4, the shear strength is expressed by a cohesion value 

(e) of 100 psf and an angle of internal friction (~) of 20 degrees. For Compu

tation Series No.4 the cohesion value (e) is assumed to be zero to examine the 

effect of ignoring the cohesion value on the factor of safety. The total unit 

weight of soil used in the stabi11ty computations is 125 pcf. 

Computation Series No.1 

The first series of long-term slope stability computations is performed 

with zero pore water pressures throughout the slope. An automatic search is 

performed to locate a most critical circle tangent to a horizontal line at the 
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elevation of the toe of the slope. The search is started from a center point at 

the coordinates x = 25, y = 50 using a minimum grid spacing of 0.5 foot. 

The critical circle is found to have its center at the coordinates x = 
17.0, y = 92.5 and the radius is 92.5 feet. The factor of safety obtained for 

the critical circle is 1.63 (side force inclination = 15.7 degrees). The crit-

ical circle is shown in Fig. 3.7. 

Computation Series No.2 

The second series of long-term stability computations is identical to the 

first series except that a 1 foot deep vertical crack is introduced. This 

depth of 1 foot was arrived at using Eq. 3.1 with a cohesion value of 100 psf, a 

friction angle of 20 degrees, a unit weight of 125 pcf and an estimated factor 

of safety of 1.6 (from Computation Series No.1). An automatic search, identi-

cal to the one in the first computation series, is performed. 

The center of the critical circle is found to be at the coordinates x = 
17.0, y = 92.5, and the corresponding minimum factor of safety is 1.63. Thus, 

in this case the effect of the crack with the appropriate depth is minimal and 

has almost no effect on the factor of safety. This is typically the case in 

long-term stability computations where the "cohesion" value is small compared 

to the cohesion value for undrained (i .e. short-term) loading conditions. 

Computation Series No.3 

The third series of long-term stability computations is performed with 

pore water pressures expressed in terms of the pore water pressure coefficient 

ru. The pore water pressure coefficient ru is defined as the ratio of the pore 

water pressure at a point divided by the corresponding total vertical overbur

den pressure at the point. For the present computations the value of r is con-
u 

stant throughout the slope; the value of ru used for the computations is 0.15. 

(Normally a value would be estimated based either on experience with slopes and 
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Figure 3.7 - Most Critical Circular Shear Surface from Long-Term Stability 
Computations with Zero Pore Water Pressures for Example Problem B. 

, 

N .,. 



25 

groundwater conditions in a particular area or a value would be calculated from 

the anticipated ground water and seepage conditions in the slope as outlined by 

Bishop and Morgenstern (1960), and illustrated later in Example Problem D.) 

An automatic search is performed to locate the most critical circle using 

the same parameters for the search as used for Computation Series Nos. 1 and 2. 

The critical circle is found to have a center located at the coordinates x = 
18.5, y = 89.5 with a radius of 92.5 feet. The corresponding minimum factor of 

safety is found to be 1.43 (side force inclination = 15.5 degrees). 

Computation Series No.4 

Computation Series No.4 is identical to Computation Series No.3 except 

that the cohesion value is assumed to be zero, rather than 100 psf. In the case 

of a homogeneous slope where the cohesion is zero, like the one in this case, 

the most critical sliding surface is theoretically a plane surface passing par

allel to, and only an infinitesimal distance below, the surface of the face of 

the slope. To locate such a surface in the automatic search it is necessary to 

locate the most critical circle through the toe of the slope, rather than the 

most critical circle tangent to a given line. 

The center of the critical circle is found to be located at the coordi

nates x = -5.0, y = 16.5 and the circle has a radius of 17.2 feet. The corre

sponding value for the factor of safety is 0.91 (side force inclination = 18.4 

degrees). The critical circle is illustrated in Fig. 3.8 and discussed in fur

ther detail below. 

The critical circle which is found and illustrated in Fig. 3.8 actually 

"slices" through only a small portion of the slope and represents within the 

numerical errors associated with the computations, a shallow plane surface. 

During the automatic search for Computation Series No.4, a relatively large 

number of "circles" are tried which either do not intersect the slope or which 
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expected when a search is performed to locate a critical circle in a slope con

sisting entirely of cohesionless material. In similar examples of homogeneous 

cohesionless slopes the automatic search sometimes tends to produce a center 

for the critical circle which lies a great distance away from the slope. (The

oretically the critical center for a cohesionless slope should lie an infinite 

distance away from the slope on a line which passes through the midpont of the 

slope face and is perpendicular to the face of the slope.) However, regardless 

of what appear to be wide variations among the locations of critical circles 

for various cohesionless slopes, the circles can all be expected to approximate 

a shallow plane and the factor of safety should be the correct value. In fact, 

an automatic search with the computer program should not actually be attempted. 

The exact factor of safety is more appropriately calculated from the following 

equation which is derived by "infinite slope" analysis procedures (Taylor, 

1948): 

F = [cot B - ru (cot B + tan B)] tan ~ (3.4) 

in which F is the factor of safety, B is the slope angle and "tan" and "cot" 

designate the tangent and cotangent, respectively. 

The fourth series of computations is performed to illustrate what may hap

pen when the computer program is used for analyses of slopes in cohesionless 

materials, rather than to present what would be considered a realistic use of 

the program. Eq. 3.4 produces precisely the correct solution desired and there 

is no need for the computer program in this instance. 

The result of the fourth series of computations clearly show that the 

cohesion value (c) is a dominant factor in the stability of the slope consid

ered. The factor of safety computed previously with a cohesion value of 100 
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psf (Computation Series No.3) was 1.43 compared to the value of 0.91 which is 

computed in this series of computations with zero cohesion. Thus, any cohesion 

value which would be relied upon for stability should be carefully considered 

and verified by the results of laboratory tests, especially tests at low con

fining pressures where the cohesion is an important component of the strength. 

COMPARISON OF RESULTS FROM SHORT-TERM AND 

LONG-TERM SLOPE STABILITY COMPUTATIONS 

For design of embankments like the ones considered in this example both 

short-term and long-term stabllity computations are ordi narlly requi red and 

should be performed. The lowest (most critical) factor of safety computed for 

the two conditions should then govern the design. 

For the present example the lowest factors of safety are computed for the 

long-term stability condition and, thus, the long-term stability condition 

governs. However, this is not always the case. For higher slopes the 

short-term stability condition may become the more critical condition. 



SECTION 4 

EXAMPLE PROBLEM C - EMBANKMENT ON A WEAK FOUNDATION 

INTRODUCTION 

This example consists of a compacted earth fill resting on a relatively 

weak clay foundation. A cross-section of the slope and foundation is shown in 

Fig. 4.1 with the coordinate axes used for this problem. The slope is 18 feet 

high and has a 3(horizontal)-to-1(vertical) side slope. The fill material is 

sand. The sand has a total unit weight of 115 pcf and an angle of internal 

friction of 35 degrees with no cohesion. The clay foundation is 15 feet thick 

and is underlain by rock. The clay is saturated. 

Both short-term and long-term stability computations are performed for 

this example problem. Different shear strength properties are used for the 

foundation clay for the short-term and the long-term stability computations; 

the strength properties for the foundation clay are described in the appropri-

ate sections below. 

SHORT-TERM STABILITY COMPUTATIONS 

The first three sets of stability computations are performed to compute 

the factor of safety immediately after construction. Undrained shear 

strengths, such as those determined by unconfined compression, unconsolidat

ed-undrained (UU, Q) and vane shear test procedures, are used for the clay 

foundation. The variation in undrained shear strength (S ) with depth in the u 

foundation is shown in Fig. 4.2. The undrained shear strength is 300 psf in the 
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upper one-half of the foundation, and then 1ncreases from the value of 300 psf 

at the rate of 10 psf per foot of depth below a depth of 7.5 feet. The total 

un1t weight of the clay 1n the foundat10n 1s 98 pcf for the short-term computa

t10ns. 

Computat10n Ser1es No.1 

The first ser1es of computat10ns 1s performed to locate the most critical 

circular shear surface. An automat1c search 1s performed beginn1ng with a cen

ter point at the coordinates x = 75, y = 35 and 10cat1ng the critical c1rcle 

tangent to a line at the bottom of the weak clay foundation (15 foot depth), 

after which the search 1s allowed to cont1nue 1n order to f1nd a more crit1cal 

circle 1f one exists. A grid spac1ng of 1 foot is used. This spacing (1 foot) 

was selected to represent a small fract10n of both the slope height and the 

th1ckness of the clay foundation layer. The spacing is less than 10 percent of 

these distances (slope height and foundation thickness), wh1ch is considered 

adequate for the relatively homogeneous condit10ns in th1s problem. 

The computations show that the center of the most cr1tical c1rcle is at 

the coordinates x = 77, y = 34 and the circle has a radius of 46 feet. The cri

t1cal circle is shown in Fig. 4.3 and passes to a depth of 12 feet 1nto the 

foundat10n, wh1ch 1s nearly to the bottom of the clay layer. The min1mum fac

tor of safety correspond1ng to the crit1cal circle 1s 1.16 (side force inc11na

tion 1s -7.4 degrees). 

Computation Ser1es No.2 

The second series of computat10ns 1s performed to determ1ne the approxi

mate 1nfluence of the shear strength ass1gned to the embankment on the stabi11-

ty. To determine the potent1al 1nfluence of embankment strength the embankment 

1s ass1gned a strength of zero (c = 0, • = 0). The factor of safety is then 

computed for a s1ngle c1rcular shear surface wh1ch 1s the most crit1cal c1rcle 
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Computations for Example Problem C. 
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found in Computation Series No.1 (center at x = 77, y = 34 - radius = 46 feet). 

An automatic search for a critical circle would be meaningless in the case of 

zero embankment strength because the search would lead to the most critical 

circle being located entirely within the embankment where, because of its zero 

strength, the factor of safety would have been zero (an obvious minimum). 

The factor of safety computed in the second computation series is 0.83, 

compared with the value of 1.16 computed in Computation Series No.1. Thus, 

the effect of reducing the embankment strength to zero is to reduce the factor 

of safety by at least 30 percent. 

Computation Series No.3 

For the third computation series the embankment is treated as a vertical 

surcharge and replaced by vertical "surface pressures" acting on a horizontal 

ground surface as shown in Fig. 4.4. The surcharge pressures are equal to the 

vertical stress produced by the embankment and vary from 2070 psf (= 18 ft x 115 

psf) beneath the horizontal, top portion of the embankment to zero at the toe 

of the embankment and beyond. For the input data the original profile lines 

and material property data for the embankment are not changed; instead a new 

slope geometry consisting of a horizontal "slope" at the top of the clay sur

face is specified. The embankment material above the "slope" is then automat

ically ignored by the computer program in any computations. 

An automatic search is perfoTmed for the third computation series using 

the same starting point and grid spacing ~sed for the first series. The most 

critical circle is found to have its center at the coordinates x = 77, y = 33 

and the radius is 48 feet. This circle is almost identical to the critical cir

cle found in the first computation -seri.es. -However,~>the factor of safety for 

the third computation series is 1.37, which is somewhat higher than the value 

(1.16) computed for the first computation series. The higher value for the 
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factor of safety in Computation Series No.3 occurs because when the embankment 

is treated as a surcharge, the horizontal thrust, which is exerted by the 

embankment and reflected in the results of Computation Series No.1, is 

ignored. In reality the sand embankment will exert a horizontal thrust (earth 

pressure force) which will increase the driving forces tending to cause insta

bility and, thus, reduce the factor of safety. Thus, Computation Series No.1 

is considered to be fundamentally more correct than Computation Series No.3. 

LONG-TERM STABILITY COMPUTATIONS 

One series of long-term stability computations is performed to determine 

the factor of safety, which the embankment would ultimately attain, once the 

foundation has ample opportunity to consolidate (or swell). The strengths for 

the long-term stability computations are based on effective stresses and deter

mined from either consolidated-drained (CD, S) or consolidated-undrained (CU, 

R) tests with pore water pressure measurements. The effective stress shear 

strength parameters for the clay are c = 0 and ~ = 23 degrees. The total unit 

weight of the clay is increased to 101 pcf from the value of 98 pcf used in the 

short-term stability computations. The groundwater table is at the surface of 

the foundation (ground surface) and pore water pressures are described in the 

input data using a horizontal piezometric line. 

An automatic search is performed to locate a critical circle. The search 

is initiated by finding the most critical circle through the toe of the slope 

and then is allowed to continue to find the most critical circle. A 1 foot grid 

spacing is used for the search. 

The center of the critical circle is found to be located at the coordi· 

nates x = 98, y = 21 and the radius is 26.7 feet. The critical circle is shown 

in Fig. 4.5. As shown in this figure, the critical circle passes to a depth of 

only approximately 5.7 feet into the foundation, which is considerably shallow-
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er than the depth of approximately 12 feet found for the critical circles for 

the short-term stability computations. The factor of safety for the long-term 

stability computations is 1.44 (side force inclination = -10.9 degrees). 

COMPARISON OF SHORT-TERM AND LONG-TERM COMPUTATIONS 

The factor of safety for the long-term stability computations (1.44) is 

significantly higher than the factor of safety for the short-term stability 

computations (1.16), indicating that an increase in the factor of safety can be 

expected to occur with time after the embankment is completed. In the majority 

of cases, with the possible exception of water-impounding structures, the fac

tors of safety of embankments on weak foundation will be higher for long-term 

stability conditions because the foundation soils will consolidate and become 

stronger with time. In those few cases where the foundation may swell, and, 

thus, become weaker with time, the factor of safety may be lower for the long

term stability condition. Also, if the embankment strength, rather than the 

foundation strength is the governing factor contributing to stability, then the 

long-term stability condition may be critical in the manner illustrated by 

Example Problem B. 



SECTION 5 

EXAMPLE PROBLEM D - EXCAVATED SLOPE 

INTRODUCTION 

Example Problem D consists of an excavated slope in a relatively 

homogeneous clay stratum. The slope is 20 feet high and has a side slope of 

3(horizontal)-to-l(vertical). Rock exists at a depth of 20 feet below the toe 

of the slope. A cross-section of the slope with the coordinate axes used is 

shown in Fig. 5.1. 

Both short-term and long-term stabi11 ty computations are performed for 

the slope. Different shear strengths are used for each set of computations 

(short-term and long-term) and are described below. 

SHORT-TERM STABILITY COMPUTATIONS 

The slope and portion of the foundation above the rock are considered to 

be saturated clay. The undrained shear strength of the clay is considered to 

be relatively uniform and equal to 1500 psf (~ = 0). The total unit weight of 

the elay is 128 pef. Two series of short-term stability computations a~e per

formed: In the first series there is no vertical crack; in the second series a 

vert 1 ca 1 crack of appropr1 ate depth 1 s used. 

Computation Series No.1 

An automatic search is performed to locate a critical circular shear sur

face for the first series of computations. In cases like the current one, 

where the angle of internal friction (~) is equal to zero and the shear 
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strength is constant (c does not vary) it can be shown that the most critical 

circle will tend to pass to an infinite depth provided that the slope is flat

ter than 53 degrees (Taylor, 1948). Thus, it is known that the critical circle 

for the current problem will go as deeply as possible and will be limited by the 

underlying rock to a depth of 20 feet. Accordingly, the automatic search is 

performed to locate the most critical circle tangent to a line at the elevation 

of the top of the rock and the search is terminated once the initial mode of 

search is completed. A minimum spacing of 0.5 foot between grid pOints is used 

for the automatic search. This distance (0.5 foot) is 2.5 percent of the slope 

height and is considered to be more than adequate with respect to obtaining an 

accurate estimate for the factor of safety; a distance of as much as 10 percent 

of the slope height would be expected to give adequate accuracy for the rela

tively homogeneous slope in this example. 

The critical circle located by the automatic search has a center point at 

the coordinates x = 30.0, y = 46.5 and a radius of 66.5 feet. The corresponding 

minimum factor of safety is 3.68 (side force inclination = 3.8 degrees). 

Computations Series No.2 

The second series of computations is performed with a vertical crack 

introduced. The crack depth is 6.5 feet. This depth (6.5 feet) is calculated 

in the manner described previously for Example Problem B (Computation Series 

No.2) using the following equation (for. = 0): 

2 • c 
dc = F • y 

(5.1 ) 

To calculate the crack depth a cohesion value (c) of 1500 psf, a unit weight (J) 

of 128 pcf, and a factor of safety of 3.68 (estimated based on the results of 
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Computation Series No.1) are used. Except for the introduction of the verti

cal crack, everything else in the second computation series is identical to the 

first computation series. 

The center of the critical circle for the second computation series is 

found to be at x = 30.0, y = 44.0; the corresponding radius is 64.0 feet. the 

critical circle is shown in Fig. 5.2. The minimum factor of safety correspond

ing to the critical circle is 3.56 (side force inclination = 5.0 degrees). In 

this case (Example Problem D) the factor of safety is only reduced by approxi

mately 3 percent by the introduction of the vertical crack. Thus, the crack 

has little influence except that it eliminates a significant zone where the 

stresses are calculated to be negative (tensile). Such negative stresses may 

be unrealistic. 

LONG-TERM STABILITY COMPUTATIONS 

The long-term stability computations are performed using effective 

stresses. The shear strength parameters are determined from either consolidat

ed-drained (CD, S) or consolidated-undrained (CU, R) tests with pore water 

pressure measurements. The effective stress shear strength parameters are c = 
100 psf and. = 25 degrees. The total unit weight of the soil is 125 pcf. This 

value (125 pcf) is slightly lower than the value (128 pcf) used for the short

term stability computations, reflecting the fact that the soil has swelled with 

time as a result of the stress relief associated with excavation of the slope. 

Four series of long-term stability computations are performed. The four 

series are similar except that different sets of pore water pressure conditions 

are used for each series. For each series of computations an automatic search 

is performed to locate a critical circle beginning with finding the most crit

ical circle passing through the toe of the slope. In the input data the most 

critical circle is not allowed to pass below the top of the rock; however, 



30 ft 

44 ft 
6.5 ft Crack 
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/ 

Figure 5.2 - Most Critical Circular Shear Surface for Short-Term Stability Computations 
for Example Problem 0 with a 6.5 Foot Deep Vertical Crack. 
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there is no tendency for the circle to pass that deeply and, thus, no such limit 

needs to be imposed. The automatic search is initiated at an estimated center 

point at the coordinates x = 30, y = 30. A grid spacing of 0.5 foot is used. 

Computation Series No.1 

Pore water pressures are zero for the fi rst seri es of long-term stabil i ty 

computations. The center of the most critical circle is found to be at x = 
13.5, y = 69.5 and the corresponding radius is 70.8 feet. Although the crit

ical circle was not restricted to pass through the toe of the slope, the crit

ical circle was found to pass essentially through the toe of the slope. The 

minimum factor of safety for the critical circle is 2.05 (side force inclina

tion = 15.7 degrees). 

Computation Series No.2 

For the second series of computations the pore water pressures are defined 

by the piezometric line shown in Fig. 5.3. The automatic search locates a cri

tical circle with the center point at the coordinates x = 17.0, y = 50.0 and 

with a radius of 55.1 feet. The corresponding factor of safety is 1.56 (side 

force inclination = 13.4 degrees). A comparison of the results of the first 

and second series of computations, shows that the factor of safety is reduced 

by approximately 24 percent (from 2.05 to 1.56) by the presence of seepage and 

pore water pressures like those assumed for the second series of computations. 

However, the factor of safety (1.56) still appears to be adequate with the pore 

water pressures used. 

The critical circles for Computation Series Nos. 1 and 2 are shown togeth

er for comparison in Fig. 5.4. The critical circle shown for Computation 

Series No.2, where the pore water pressures are higher, can be seen to pass to 

a greater depth then the critical circle for Computation Series No. 1 (zero 

pore water pressures). This trend of an increase in depth for the critical 



c 
E 
ClJ 
~ 

.c 
f 

0.. 

ClJ 
~ 

~ 
E 
10 
)( 

UJ 

~ o 
~ 

"C 
ClJ • 
III M 

=:;) 
"C 

ClJ~ 
~IO .,... 
-IN 

(,J • 
• ,... III 
~O 
~Z 
ClJ 
EIII 
OClJ 
N''''' 
ClJ~ 

.,... ClJ 
0.. In 



Center 
( No pore water pressures) 

Center 
(Piezometric line) 

~~------

~1'1/777777'177717777777771'/T7777777777777777771 

Figure 5.4 - Most Critical Circular Shear Surfaces for Short-Term Stability 
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shear surface with an increase in pore water pressure is generally observed and 

should be expected. 

Computation Series No.3 

The third series of computations is identical to the second series except 

that negative pore water pressures (above the piezometric line) are permitted, 

while in the second series of computations negative pore water pressures were 

not permitted and, thus, the pore water pressures were set to zero above the 

piezometric line. The center of the critical circle for the third series of 

computations is found to be at x = 18.0, y = 48.0 and the radius of the circle 

is 54.6 feet. The corresponding minimum factor of safety is 1.64 (side force 

inclination = 11.2 degrees). This value for the factor of safety (1.64) is 

approximately 5 percent higher than the value (1.56) which was calculated with 

no negative pore water pressures. However, negative pore water pressures are 

not normally relied on for slope stability. 

Computation Series Nos. 4, 5 and ~ 

The next three series of computations are performed with pore water pres

sures defined using a constant value of the pore water pressure coefficient ru' 

Values for ru of 0.13, 0.21 and 0.26 are used for Computation Series Nos. 4, 5 

and 6, respectively. These values of ru represent average values of ru which 

were calculated by averaging values Olver selected areas of the slope in the 

manner first suggested by Bishop and Morgenstern (1960). The averaged values 

were obtained by first calculating values of ru at selected points, using the 

pore water pressure from the piezometric line shown in Fig. 5.3 and the corre

sponding overburden pressure at the selected point. The selected points repre

sent the approximate centroids of rectant;luJar It,.. triangular subdivisions of the 

slope as illustrated in Fig. 5.5. The extent of the region which was subdi

vided into triangles and rectangles was varied. In the first case the region 
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Average ru = 0.13 

( a ) 

A vera g e r u = O. 21 

5 ft 

( b ) 

Average ru = 0.26 

--,--

10 f t 
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Figure 5.5 - Subdivision Regions Used to Average Values of ru 
for Example Problem D - Computation Series 
Nos. 4, 5 and 6. 
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consisted of the area beneath the slope face down to the level of the toe of the 

slope as shown in Fig. 5.5a. In the second case, the region included the region 

shown in Fig. 5.5a, plus an additional area extending to a depth below the 

slope equal to 25 percent of the slope height, as shown in Fig. 5.5b. In the 

third case, the region extended to an even greater depth below the slope, equal 

to 50 percent of the slope height, as shown in Fig. 5.5c. Once values of ru 

were calculated at the centroids of each triangular or rectangular area an ove

rall average value of ru for the slope was calculated by averaging values from 

the subdivided areas (weighted based on the size of the area). 

The coordinates for the center of the critical circles found for each val

ue of ru and the corresponding factors of safety (and side force inclination) 

are summarized in Table 5.1. The critical circle for Computation Series No.5 

(ru = 0.21 - intermediate value) is shown in Fig. 5.6. 

COMPARISON OF FACTORS OF SAFETY FOR SHORT-TERM AND LONG-TERM STABILITY 

The factors of safety calculated for the long-term stability condition are 

all lower than the factors of safety calculated fo~ the short-term stability 

condition, regardless of the pore water pressures used. This reflects the fact 

that the soil will probably swell with time and "the factor of safety will 

diminish. In such cases the slope will frequently fail a number of years after 

it has been completed. 
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TABLE 5.1. SUMMARY OF LONG-TERM STABILITY COMPUTATION 

SERIES NOS. 4, 5 AND 6 FOR EXAMPLE PROBLEM 0 

Critical Circle Information 
Minimum 

Pore Water X-Coordinate Y-Coordinate Factor 
Pressure of Center of Center Radius of 

Coefficient, ru (feet) ( feet) (feet) Safety 

0.13 14.5 66.5 68.1 1.83 

0.21 15.0 65.5 67.2 1.69 

0.26 15.0 65.5 67.2 1.60 

Side 
Force 

Inclination 
(degrees) 

15.5 

15.4 

15.3 



Center Point 

65.5 ft 

777777777777777777717777T7)'//777777777777~ 

Figure 5.6 - Most Critical Circular Shear Surface from long-Term Stability Computation 
Series No. 5 for Example Problem E. 
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SECTION 6 

EXAMPLE PROBLEM E - EMBANKMENT ON FOUNDATION WITH WEAK STRATUM 

INTRODUCTION 

Example Problem E consists of a cohesionless earth fill embankment resting 

on a foundation containing a relatively weak, thin clay stratum as shown in 

Fig. 6.1. This example is taken from the FHWA "Soils and Foundations Workshop 

Manual" by Cheney and Chassie (1982). The embankment is 30 feet high and has 

2(horizontal)-to-1(vertical) side slopes. The embankment consists of sand 

having a total unit weight of 120 pcf and an angle of internal friction of 30 

degrees. 

The foundation for the embankment is predomi nate ly sand wi th a 5 foot 

thick clay stratum located between the depths of 10 and 15 feet. The sand in 

the foundation has an angle of internal friction of 30 degrees. The ground

water table is located at the top of the clay layer at a depth of 10 feet, 

except for Computation Series No.7, where the effect of a rise in the water 

table is examined. The total unit weight of the sand above the water table is 

120 pcf; below the water table the sand has a submerged unit weight of 60 pcf. 

The clay stratum is saturated. The undrained shear strength of the clay is 250 

psf (i.e. c = 250 psf, • = 0). The clay is submerged and has a submerged unit 

weight of 37.6 pcf (total unit ~eight = 100 pcf). 

Only the short-term stability condition was considered by Cheney and Chas

sie (1982) for this example and, thus, only the short-term stability condition 

is considered for the computations presented herein. However, as previously 
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shown and discussed for Example Problem C, the short-term stability condition 

is often the most critical stability condition for embankments on weak founda

tions, like the embankments considered in this example and Example Problem C. 

COMPUTATION SERIES NO. 1 

The first series of computations is performed using a single, selected 

noncircu1ar shear surface. The noncircu1ar shear surface used is shown in Fig. 

6.2 and is essentially identical to the shear surface used by Cheney and Chas

sie (they considered only one shear surface for all of their computations). 

The shear surface passes downward from the crest of the embankment as a plane 

through the embankment and upper sand portion of the foundation, then horizon

tally along the top of the clay. and finally exits upward through the upper 

sand of the foundation as another plane surface. 

The factor of safety computed for the shear surface shown in Fig. 6.2, 

using the computer program UTEXAS, is 1.20 (side force inclination = -10.6 

degrees). This value for the factor of safety (1.20) is significantly higher 

than the value of 1.03 which is reported by Cheney and Chassie. The difference 

in values (1.20 versus 1.03) for the factor of safety occurs because different 

theoretical procedures have been used to compute the factor of safety, The 

procedure used by Cheney and Chassie to compute the factor of safety is a 

"force equi11br1umll procedure, which is approximate and has been found to con

sistently produce lower values for the factor of safety than the more rigorous 

procedures used in the computer program, UTEXAS, 

COMPUTATION SERIES NO. 2 

The second series of computations consists of performing an automatic 

search to locate a critical circular shear surface. The search is initiated by 

finding the most critical circle tangent to a line coinciding with the bottom 



Figure 6.2 - Single Noncircular Shear Surface Used for Example Problem E -
Computation Series No.1. 
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of the clay layer for the initial mode of search and, then, the search is per

mitted to continue to find a more critical circle if a more critical circle 

exists. The minimum grid spacing (required accuracy) specified for the search 

is 0.5 feet. This distance (0.5 feet) is selected to represent a small frac

tion of both the slope height and the thickness of the clay stratum. The dis

tance corresponds to less than 2 percent of the slope height and is a small 

fraction (10 percent) of the thickness of the clay stratum. 

The critical circle found by the automatic search is shown in Fig. 6.3. 

The critical circle has its center located at the coordinates x = -24.0, y = 
40.0 and has a radius of 55.0 feet. The corresponding minimum factor of safety 

is 1.15 (side force inclination = 9.2 degrees). The most critical circle pro

duces a slightly lower value for the factor of safety than the noncircular 

shear surface which was used in Computation Series No.1 (1.15 versus 1.20). 

However, the noncircular surface used in Computation Series No.1 is not neces

sarily the most critical noncircular shear surface. 

COMPUTATION SERIES NO. 3 

The third series of computations consists of an automatic search to locate 

a critical noncircular shear surface. The search is initiated with a noncircu

lar shear surface similar in shape to the one shown in Fig. 6.2 for Computation 

Series No.1, except that the horizontal portion of the shear surface passes 

along the bottom of the clay layer, rather than the top of the clay layer. As 

discussed previously for Example Problem 0 and illustrated by the results of 

Computation Series No.2 for this current example, the most critical shear sur

face usually passes to the bottom of any layer where the shear strength is con

stant, although this is not always the case. The bottom of the clay layer was 

considered to be a logical starting point for the automatic search for this 

example. 
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Figure 6.3 - Critical Circle Located with Automatic Search for 
Example Problem E. 
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The minimum incremental shift distance (accuracy) specified for the auto

matic search is 0.25 feet. This specified distance of 0.25 feet will result in 

an initial increment for shifting the shear surface of 1.25 feet (= 5 times 

0.25). The distance is selected because it produces an incremental shift dis

tance which is a small fraction of the thickness of the clay layer (25 percent 

initially and decreasing to 5 percent as a critical shear surface is 

approached) . 

The critical noncfrcular shear surface located by the automatic search is 

shown in Fig. 6.4. The factor of safety calculated for the critical noncircu

lar shear surface is 0.93 (side force inclination = -6.3 degrees) and is 

approximately 19 percent less than the value (1.15) found for the most critical 

circular shear surface in Computation Series No.2. Thus, a noncircular shear 

surface is clearly more critical for this example and should be employed in any 

computations which are to be used for design. 

COMPUTATION SERIES NO. 4 

Computation Series No.4 is performed to determine the effect which flat

tening the slope would have on the factor of safety. The slope is flattened 

from 2:1 to 3:1 and an automatic s~arch is performed to locate a critical non

circular shear surface. The critical noncircular shear surface is shown in 

Fig. 6.5 and has a factor of safety of 1.01 (side force inclination = -5.6 

degrees). The effect of flattening the slope is to produce an approximately 8 

percent increase in the factor of safety. Such a small increase (8 percent) in 

the factor of safety would probably be considered inadequate for a slope which 

is unstable before flattening. 
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Figure 6.4 - Critical Noncircular Shear Surface Found with 
Automatic Search for Example Problem E. 
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Figure 6.5 - Critical Noncircular Shear Surface Found with Automatic Search for 
Example Problem E when the Slope is Flattened from 2:1 to 3:1. 
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COMPUTATION SERIES NO. 5 

This computation series is similar to the previous one (4) except that the 

slope is benched rather than flattened. The bench is 10 feet high and 30 feet 

wide as shown in Fig. 6.6. The toe of the bench is located at the same point as 

the toe of the slope was located when the slope was flattened for Computation 

Series No.5. Thus, in both cases the same portion of the foundation is covered 

by the embankment and the critical shear surfaces for both cases would be 

expected to be similar. Consequently, the factor of safety for this computa

tion series was computed using only the critical shear surface found in Compu

tation Series No. 4 (shown in Fig. 6.6 and previously in Fig. 6.5). The new 

factor of safety is 1.02 (side force inclination = -5.7 degrees) and, as 

expected, is almost identical to the value of 1.01 computed for Computation 

Series No.4. 

COMPUTATION SERIES NO.6 

For this series of computations an alternate measure for increasing the 

stability of the embankment is considered: A IIshear key" is placed through the 

clay stratum as shown in Fig. 6.7. The shear key replaces the clay with sand 

and the sand has identical properties to the adjacent foundation sand. The 

shear key is 10 feet wide. Due to the assumption of two-dimensional plane con

ditions, which is made in the computer program for all stability calculations. 

the shear key is implicitly assumed to extend along the full length of the 

slope, perpendicular to the plane of reference and Fig. 6.7. 

The shear key in this computation series is represented in a manner some

what similar to the manner in which "Stone Columns" (Engelhardt et al., 1974) 

have been represented in using the computer program in other instances. Howev

er, in the case of "Stone Columns,1I or any other cylindrical element placed in 

the cross-section, the width of the column in the cross-section must be an 



63 

Lt.J 

E 
G,) 
r-
.0 ..... 0 
~ 'to- 0... 

0 I G,) 

rt') I ...-
Q. 

I E 
RI 
X • 

Lt.J "'0 
G,) 

~.c 
ov 
~c 

G,) 
G,)a:I 
c.. 
oc 

...-G,) 
V')G,) 

.0 
~ 
011'1 

RI 
c.c 
0 

..... G,) 
+..J Q. 
VO 
CV r-

V') V') 
I 
\fI~ 
\fiG,) 
O+..J 
~~ 
URI 

~ . 
~ 

G,) 
~ 
:s 
en ..... 

La.. 



Key It 

Figure 6.7 - Cross-Section of Slope for Example Problem E 
with "Shear Key" - Computation Series No.6. 

0'1 
-1=10 



65 

equivalent width. The equivalent width should be the width of a continuous 

"strip" having the same average amount of material per lineal distance (foot, 

inch, meter, etc.) of slope as the actual cylindrical elements would provide. 

(Stauffer and Wright, 1984) 

Computations with the shear key are performed using only a single noncir

cular shear surface, rather than an automatic search. The shear surface 

employed for the computations is the same as the most critical noncircular 

shear surface found in Computation Series No.3 (shown in Fig. 6.4). Although 

a more critical shear surface may exist, this surface 1s used for illustrative 

purposes only and is not intended to produce necessarily the minimum factor of 

safety. The factor of safety calculated with the selected noncircular shear 

surface is 1.18 (side force inclination = -8.7 degrees). This value of (1.18) 

is approximately 27 percent higher than the value calculated for the slope 

w1thout the shear key and indicates that if such a key could be constructed, it 

could potentially have a significant effect on stability. Before such an 

a1ternative ;s adopted, an automatic search should be performed to locate the 

appropriate critical shear surface. 

COMPUTATION SERIES NO. 7 

The final set of computations is performed to determine the effect of a 

rise in the water table from a depth of 10 feet below the ground surface (top of 

clay) to the ground surface. In the input data file it can be seen that the 

"shear key" from Computation Series No.6 is replaced with clay to return the 

foundation to its original condition and the upper sand is assigned a submerged 

unit weight of 60 pcf which is used for all previous computations. 

Computations are performed using the most critical noncircular shear sur

face found 1n Computation Series No.3 where the water table was at its lower 

location, 10 feet below the ground surface. This single shear surface is 
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selected and used to reduce the computations required for this illustrative 

example, but ordinarily an automatic search would have been performed. The 

factor of safety for the shear surface considered is 0.80 (side force inclina

tion = -7.9 degrees). This value (0.80) is approximately 14 percent lower than 

the value (0.93) determined when the water table was at a depth of 10 feet below 

the ground surface. If a critical shear surface had been located for the cur

rent computation series, the differences in the factors of safety would have 

been even greater. Thus, fluctuations in the ground water level could have a 

potentially significant effect on the stability of the embankment. 



SECTION 7 

EXAMPLE PROBLEM F - "NATURAL" SLOPE 

INTRODUCTION 

Example Problem F consists of a slope which could be either a natural or 

an excavated slope. The example slope is taken from the user's manual for the 

slope stability computer program, STABL, by Siegel (1978). The example problem 

is selected to provide a comparison with results obtained using another slope 

stability computer program (STABL) to provide an additional example problem, 

which could be representative of a natural slope. 

A cross-section of the slope for example Problem F is shown in Fig. 7.1. 

The slope consists primarily of a relatively homogeneous stratum of soil which 

is underlain by rock and overlain by approximately 11 feet of relatively weak 

soil. The underlying rock is considered to have sufficient strength to prevent 

any potential sliding surface from passing through the rock. Thus, the actual 

strength of the rock is immaterial; a shear strength of 200,000 psf is assigned 

to the rock for the stability computations. 

All of the stability computations for this problem are performed for the 

long-term condition using effective stresses. As shown previously for Example 

Problem D, the long-term stability condition is usually more critical than the 

short-term stability condition for an excavated slope. For a natural slope 

only the long-term stability condition has any meaning. Thus, regardless of 

whether the slope in this example is an excavated or a natural slope, the 

long-term stability condition would probably be of most interest. 

67 
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The intermediate clay stratum which comprises most of the slope material 

in this example contains a free water surface (water table) which is shown in 

Fig. 7.1. The pore water pressures are assumed to be zero above the water sur

face; below the water surface the pore water pressures are assumed to be equal 

to the vertical depth below the water surface times the unit weight of water. 

Thus, the water surface is a piezometric 11ne for the soil below the water sur

face. The intermediate clay stratum has total unit weights of 116.4 pcf above 

the water surface and 124.2 pcf below the water surface. The shear strength 

parameters for the intermediate stratum of clay were apparently determined from 

either consolidated-drained (CD, S) tests or consolidated-undrained (CU, R) 

tests with pore water pressure measurements. The effective stress shear 

strength parameters for the clay are c = 500 psf and i = 14 degrees. 

The shear strength for the uppermost stratum is considered to be negligi

ble and is covered in further detail in the discussion of the various Computa

tion Series below. Four series of stability computations are performed for 

this example problem. 

COMPUTATION SERIES NO. 1 

The first series of computations is performed assuming that the uppermost 

stratum of soil has zero shear strength and a total unit weight of 116.4 pef. 

This is identical to what Siegel (197B') also assumed. Computations are per

formed for the single shear surface shown in Fig. 7.2. This shear surface is 

identical to one reported by Siegel (1978) to be a "most critical" shear sur

face for an initial series of trial computations. which Siegel referred to as a 

"first run." The factor of safety computed for this surface using the current 

slope stability computer program (UTEXAS) is 1.42 (side force inclination = 
16.4 degrees). This value for the factor of safety (1.42) is aproximately 7 
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percent higher than the value of 1.325 reported by Siegel. Such a difference 

(7 percent) is to be expected because the procedure used by Siegel to compute 

the factor of safety is an approximate procedure which does not satisfy static 

equilibrium completely. The procedure used by Siegel has been shown to con

sistently produce lower values for the factor of safety than those computed by 

the theoretical procedure (Spencer's) used in UTEXAS, which fully satisfies 

static equilibrium. 

COMPUTATION SERIES NO.2 

The second series of computations is performed to locate a most critical 

circular shear surface using the same material properties as those used in Com

putation Series No. 1. A search is initiated by locating the most critical 

circle passing through a point near the toe of the slope; the search is then 

allowed to continue to determine if a more critical circle than the one through 

the toe of the slope exists. The minimum grid spacing specified for the search 

is 1 foot. This distance corresponds to approximately 2 percent of the slope 

height and is only a small fraction of the thickness of any strata. According

ly, good accuracy is expected. 

The center of the most critical circle is found to be at x = 61.0, y = 
190.0 and the corresponding radius is 129.1 feet. The critical circle is shown 

in Fig. 7.3. It can be seen that the circle is limited in the depth to which it 

passes by a portion of the underlying rock foundation. The factor of safety 

for the critical circle is 1.37 (side force inclination = 17.0 degrees). 

COMPUTATION SERIES NO. 3 

Computation Series No.3 is performed to locate a critical noncircular 

shear surface. However, because the upper portion of the soil in the 

cross-section shown in Fig. 7.1 is considered to have zero strength a search 
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for a critical shear surface can be meaningless. That is, the search may cause 

the shear surface to migrate to entirely within the zero strength zone where 

the factor of safety is zero and an obvious minimum. This, in fact, occured 

when an automatic search for a cr1t1cal noncircular shear surface was first 

attempted for this example, although no such similar problem was encountered 

with the automatic search for the critical circle in Computation Series No.2. 

Accordingly, for a search for the critical nonc1rcular shear surface to be 

meaningful, the zero strength zone needs to be treated in a different manner. 

For the present computations the upper, zero strength zone is replaced by an 

equivalent series of surface pressures applied at the top of the intermediate 

clay stratum as shown in Fig. 7.4. The surface pressures applied consist of 

both a normal stress and a shear stress to account for the sloping surface, 

along which the surface pressures are applied. The surface pressures are cal

culated using lIinfinite slope ll procedures to determine the normal and shear 

components of stress as shown in Fig. 7.4. (Note: The shear component is con

sidered to be negative in the input data because it acts to the left.) 

The automatic search to locate the critical noncircular shear surface is 

initiated using approximately the same shear surface used in Computation Series 

No.1 as a starting point. The minimum incremental shift distance specified in 

the input data is 0.5 feet. 

The most critical noncircular shear surface located is shown in Fig. 7.5. 

The effect of a protruding segment of the rock foundation on the position of 

the critical shear surface can be clearly seen in this figure. The factor of 

safety for the most critical noncircular shear surface found is 1.45 (side 

force inclination = 14.0 degrees). 

The value for the factor of safety (1.45) for the critical noncircular 

shear surface found in Computation Series No. 3 is greater than the value for 
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the ~ritica1 circle found in Computation Series No.2. However, this does not 

suggest that a circle is a more critical shear surface. Instead, a difference 
I 

exists between the two sets of computations due to the fact that with the cir-

cu1ar shear surface the overburden was assigned zero shear strength, while for 

the noncircu1ar shear surface the overburden was treated as a surcharge. In 

the first case, where a circular shear surface and zero strength overburden is 

used, a significant horizontal stress is exerted by the overburden; in the sec-

ond case, where the noncircu1ar shear surface is used and the overburden is 

represented by surface pressures, no such horizontal thrust is exerted by the 

weak. overburden. Thus, this problem illustrates the effect of horizontal 

thrust in surface materials in a way which is similar to what was shown for 

Example Problem C, where the embankment was treated both as a surcharge and as 

a zero strength material. 

COMPUTATION SERIES NO. 4 

The fourth series of computations is performed using the same conditions 

used for Computation Series No.3, with the upper, weak. soil represented as a 

surcharge, except that an automatic search is performed to locate a critical 

circular shear surface. Results of this series of computations can be compared 

with those of Computation Series No. 3 to determine the effect of the assumed 

shapes of the shear surface alone, independently of treatment of the weak over

burden. The search for a critical circle is performed in the same manner as the 

search performed for Computation Series No.2, only the slope profile is 

changed (Surface pressures versus zero strength overburden). 

The critical circle for Computation Series No.4 has a center at the coor

dinates x = 61.0, y = 193.0 and a radius of 132.0 feet. the corresponding mini

mum factor of safety is 1.49 (side force inclination = 154.2 degrees). This 

factor of safety (1.49) is greater than the value determined for the circular 
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shear surface in Computation Series No.2 because the surface pressures do not 

reflect the horizontal thrust which would be applied by the zero strength mate

rial. However,clearly no material with zero strength could remain at the slope 

angle of approximately 22 degrees shown in Fig. 7.1 and, thus, the results of 

Computation Series No.2 are perhaps of little practicial interest. Comparison 

of the results of Computation Series Nos. 3 and 4 shows that the computations 

employing a noncircular shear surface produced only a slightly lower value for 

the factor of safety than the computations employing a circular shear surface: 

1.45 versus 1.49. 

The critical circle found for Computation Series No. 4 is shown in Fig. 

7.6. Also shown in this figure (broken line) is the critical noncircular shear 

surface from Computation Series No.3. The two critical shear surfaces can be 

seen to be very similar. The close similarity between the two surfaces and the 

corresponding factors of safety suggest that a circular shear surface could 

have been assumed for the computations for this problem with little loss of 

accuracy. In fact, in virtually all cases where the slope is as homogeneous as 

the slope considered in this example, circular shear surfaces are adequate for 

computing the factor of safety. 
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F;gure 7.6 - Crlt;cal C;rcular Shear Surface for 
EXample Problem F W;th Weak Overburden Treated as a SurCharge. 
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SECTION 8 

EXAMPLE PROBLEM G - PARTIALLY SUBMERGED SLOPE 

INTRODUCTION 

This example consists of a series of stability computations for a partial

ly submerged slope. The slope is 20 feet high and has a 

2.5(horizontal)-to-1(vertical) side slope. The slope is homogeneous and the 

foundation has the same properties as the slope. The water level is 15 feet 

above the toe of the slope (5 feet below the crest of the slope). A cross-sec

tion of the slope and the coordinate axes are shown in Fig. 8.1. 

All stability calculations for this example are performed for the 

long-term stability condition, which in most cases will be more critical than 

the short-term stability condition. The shear strengths are determined from 

either consolidated-drained (CD, S) or consolidated-undrained (CU, R) tests 

with pore water pressure measurement. The shear strength parameters are 

expressed in terms of effective stresses. The effective stress cohesion value 

is 100 psf and the effective stress friction angle is 18 degrees. The soil is 

saturated both above and below the water surface; the saturated (total) unit 

wei ght of soil is 124 pcf. 

Three series of stability computations are performed. The three series of 

computations differ only in the way in which the water is represented for the 

analyses. All three series should produce essentially identical values for the 

factor of safety. 
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COMPUTATION SERIES NO. 1 

The first series of computations is performed using submerged unit weights 

for the soil below the water level and total unit weights above the water lev

el. The submerged unit weight of soil is 61.6 pcf (= 124 - 62.4 pcf). By using 

submerged unit weights for the soil below the water level, the effect of the 

water on the effective stresses AND the effect of the water loads on the face of 

the slope are both automatically accounted for in the equilibrium equations 

used to compute the factor of safety. 

An automatic search is performed to locate the most critical circle 

through the toe of the slope. As discussed for Example Problem A, the most cri

tical circle for a homogeneous slope, like the slope in this example, usually 

passes through the toe of the slope. Accordingly, and to reduce the computa

tional effort required for this illustrative example problem, the search is 

terminated once the critical circle through the toe of the slope is found. 

The most critical circle found for the first series of computations is 

shown in Fig. 8.2. The circle has its center point at the coordinates x = 

-16.0. y = 51.5. and the radius is 53.9 feet. The corresponding factor of safe

ty is 1.48 (side force inclination = 17.0 degrees). 

COMPUTATION SERIES NO. 2 

The second series of computations is performed using total unit weights 

and the pore water pressures are defined using a piezometric line. When total 

unit weights and pore water pressures are used. any external loads on the slope 

due to water must also be defined. Accordingly. "surface pressures" are used 

to define the water loads imposed on the slope by the partial submergence. 

Even though the pi ezometri c 11 ne data ref1 ect the fact that there is water 

above the slope, the piezometric line data do not result 1n the application of 



16.0 ft 

51.5 ft 

Ffgure 8.2 - Critical Circle for Example Problem G - Computation Series 
No. 1 (Also Computation Series Nos. 2 and 3). 
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surface pressures; separate surface pressure data are required to define the 

externa 1 loads. 

For the second series of computations it is more convenient to start the 

input data anew, rather than modi fy the data from the previ ous seri es of compu

tations. Thus, a line of asterisks (*****) appears in the input data file sep

arating the data for Computation Series No. 2 from the data for Computation 

Seri es No. 1. 

The computations for Computation Series No.2 employ an automatic search 

with parameters identical to those used in the first series of computations. 

The center of the critical circle is found to be at the coordinates x = -16.0, y 

= 51.5 and the radius 1s 53.9 feet. The factor of safety is 1.48 (side force 

inclination = -7.2 degrees). 

COMPUTATION SERIES NO. 3 

The third series of computations is identical to the second series except 

that the pore water pressures are defined using the interpolation option avail

able in UTEXAS. In the input data pore water pressures are defined at 6 dis

crete points as shown in Fig. 8.3. The points are at three levels: the crest 

of the slope, the water surface, and a point twenty feet below the toe of the 

slope. The location of the points was chosen to insure that there would always 

be at least one point in each of the four quadrants surrounding any point on a 

potential sliding surface. The value of the pressure at each level where 

points are input is the same for all points 1n the horizontal direction; the 

value of the pressure (u) is also shown in Fig. 8.2. Because of the linear 

nature of the interpolation function used in the computer program to calculate 

pore water pressures, the pore water pressures calculated from the points shown 



Pressure, Uj 
• -----. 0 psf 

rpressure Data Point 

• y '''< -! • 0 psf 

• 
x = -100 

Figure 8.3 - Points Where Pore Water Pressures are Defined for Interpolation 
in Example Problem G - Computation Series No. 3 

20 ft 

, • 2184 psf 

x = + 50 
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in Fig. 8.2 will be identical to those calculated using the piezometric line in 

Computation Series No.2. 

The center of the critical circle in Computation Series No.3 is at x = 
-16.0, y = 51.5 and the radius is 53.9 feet. The factor of safety is 1.48 (side 

force inclination = -7.2 degrees). 

COMPARISON OF RESULTS FROM COMPUTATION SERIES NOS. 1, 2 AND 3 

The first series of computations was performed using submerged unit 

weights, while the second two series of computations were performed using total 

unit weights and water pressures (pore pressure and surface pressure). As 

expected, the three series of computations yield essentially identical 

results; the factors of safety differ in only the fourth significant figure 

(1.480 for the first series versus an identical 1.484 for each of the second 

two seri es) . 

The inclination of the side forces between slices is significantly differ

ent from the first to the second two computation series (-17.0 degrees versus 

-7.2 degrees). This difference is due to the fact that in the first case the 

forces between slices are the effective forces, while in the second two cases 

the forces between slices are the total forces. The effective side forces 

(Computation Series No.1) will generally be more steeply inclined than the 

total side forces (Computation Series No.2 and 3). However, differences in 

the side force inclinations, whether total of effective have very little effect 

on the factor of safety as demonstrated by this example. 

This example problem illustrates that it is possible to represent the 

influence of the water in two ways: with submerged unit weights, and with 

total unit weights and water pressures. However, if there had been any flow 

(seepage) within the slope, only the procedure employing total unit weights and 
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water pressures could have been used. Use of submerged unit weights where 

there is flow also requires that any seepage forces be input as body forces on 

each individual slice. Such body forces are difficult to compute and represent 

as input data and, accordingly, the computer program does not allow such body 

forces to be specified in the input data. In cases where there is flow of water 

the approach is based on total unit weights and water pressures should be used. 
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APPENDIX A 

LISTING OF INPUT DATA FOR ,EXAMPLE PROBLEM A 





IIlADlJIO raLLo. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
EXMftE rttCIaDi A - GIlI'LL IDIMIDIECIUS SLOPE 

PlClFJLE LINE DATA FaLLOW-
1 1 ALL lOlL 

-100 0 

•• • 11 
100 11 

.TaU&. .... EItTY DATA FaLLOW -
1 ALL IOU 

,., • waT 1EJ1IIT tIl lOlL 
lID I'CIII aTa ..... , 
CCIIIVDIT1CIIIAL INUI I"JI~""""TlftHS" 

100 12 

AIIM. mslCCII'UTATlCII DATA FaLLOW -
CZ_CULM IENICIf 

" 14 1 ~ 
POINT TIIlGUIH IIGCIt CZIlCl.E ,~, FaLL .. -

• 0 
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APPENDIX B 

LISTING OF INPUT DATA FOR EXAMPLE PROBLEM B 





IlEMIIIO 'CllLL08' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
IXMPU PRGlUW • - I .. NIQEJIT GIl A mClllO 'GUNDATJGII 
IHCIIT-"'" ITMJUTY CCIIPUTATJIIIS USlIlO TOTAL ITUIII. 

PlClf'JLI UIII DATA 'CLL_ -
, , .. L .TUJAL 

o 0 
1. II 
,.0 II 
nlo 

.TlIII .. PRCIPOTY DATA 'CLL_ -
1 .. L .TlIJ .. ,.1 

110 PCIU aTlI ..... - TOT .. ITJIIS MALm. 
CCIIMIfTJCIIIAL IMIM ITIUOTMI 

'000 '0 

IlEMJ .. ,CllLLa. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
IXMltLE 'IOILEW • - ' .. MlCllKIfT GIl A mClllO 'GUNDATJGII 
IHCIIT-TUII ITMJLJTY CClPUTATJCIII USlNl TOT .. ..,. ... 
CClaPUTATJGII .IJII 110. , - ClACK DEPTH • 0 (110 CRACIC) 

MIM. m./CCM'UTATJGII DATA 'CLL_ -
alCULM lUIat 

II 10 O.S 0 
TMIDfT LIlli EUVATJGII 'CLL" 

o 
ITOP JIAIat AFTU JIIJTJAL IIIDI CCIIiPLETU 

IKADJIII ,aLa. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
~I PRCIILlW • - ' .. MlCllKIfT GIl A ITItCIIIO 'GUNDATJGII 
IHCIIT-TUII ITMJLJTV CCIIPUTATJCIII unNl TOTAL ITJI ... 
CCIII'UTATJGII .U" 110. IA - ClACK DUTH • J FUT. 

MIM. m./CCII'VTATJGII DATA 'CLL_ -
alCULM IUIat 

II 10 0.' 0 
TMIDfT LIlli EUVATJGII 'CLL .. 

o 
ClACK DEPTH 'CLL .. 

J 

IKADIIil ,'aLaB - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
IXMI'LI PllCllLDi • - ' .. MlCllKIIT GIl A ITItCIIIO 'GUNDATJGII 
IMCIItT-TUII ITMJLJTV CCIIPUTATJCIII USlNl TOT .. ITJI ... 
CCIII'UTATJGII .. JII 110 •• - ClACK DUTH •• ruT. 

MIM. mllCCIIPUTATJGII DATA 'CLL_ -
alCULM JIAIat 

II 10 O.S 0 
TMIDfT LIlli EUYATJGII 'CLL .. 

o 
CItMIC DUTH 'CLL .. 

• 
IKADIIil ,aLa. - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
PMl'LI "'-111 I - IIIIMICImIY GIl A ITaCIIII ,cu.ATJGII 
IMCIIT-TIJIM ITMlLnY CCliPUTATJCIII UIIIII TOTAL ..,. ... 
CCIIIIUTATJGII IUJII 110. Ie - ClACk DIPTM •• ruT. 

MIM. mllCOlll'UTATJGII DATA 'CLL_ -
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ClICUI.,. lEMIat 
IS so 0.5 0 

TMIENT U. ILIVATlOII 'CIlLOWI 
o 

CIlACK DUTH 'CIlLOW 

• 
.... 1110 rCII.Lo. - - ........... - ...... - .................................. .. 
IX.P'" ....... 01 • - a.~NT 011 A ST1tCIIO ' .... ATIOII 
... T-" .... STMJUTY ...uTATI .. un.- TOTAL STIIS •• 
CGIIPUTATJOII .IIIS 110. ID - caMIC DUTM - 'I FUT. 

MIL m./CClItIPUT ATIOII DATA 'CIlLCMr -
ClK'UL" lEMIat 

25S00.S0 
TMIDT U. ELIVATJOII 'CIlLOWI 

o 
CIlACI( H,TH 'CIlLO. 

'1 

"MINI 'Cl..L~ - .............................. - ...................... - ...... .. 
IIMI'LE ".LEW. - I .. ~MT 011 A ITItOIMJ ' .... A1I0II 
SHOIIIT-" .... STAiJUTY COIItUTA1ICIIS UU.- TOTAL ITJItISIIS 
COWUTATJOII .RIEI 110. JA - TaAl'FJC LOM. 011 .0Pt: - 110 ClActC 

", .. raCE f'IIESIUJtI DATA ,CIlLOW -
71 IS 100 0 
'00 IS 100 0 

MIA&. m./COIiI'UTATlOII DATA 'CIlLOW
ClICULMi KMCH 

25 SO O.S 0 
T .. NT U. £LEVATJOII 'CIlLO. 

o 
CJItAct( DUTH 'CIlLOWI (ltI-II" DEPTH TO IIRO) 

o 

.. 1"- '.LOW .......................................................... .. 
DM1PLI .... 01 • - E"~MT .. A ITIlONO ' .... ATJOII 
"'T-TUM ITAiJUTY CCM'UTATJ" uaNO 10'l'AL IT.III. 
CCMJUTATJ .. IIIJIlIIO. 38 - TaNFlC LOM ••• 0Pt: - Il1O caMIC 

MN.mtlCCMJUTATI .. DATA 'CIlLOW
CI.cu.,. IUIICM 

70 JI 0.8 0 
TMIDT U. ELIVAn. 'CIlLOW -

'5 
ClUTJCM. CI.eLl TO • , .... AI'TU UlnAL ... CCMJI.ETtD 
,M:TCIt " IMITY 

10.0 
lUI , .. I_DIAn. 

10.' 

"I_ ,aLa.: ................ - - - - - .... - - - - - ...... - ............. .. 
PMl'LI .... 1». - l1li......., CIIII A ITIGNO ,"An. """-TUII ITMJLJTY ~ATJ" un. TOTAL ..,. ... 
CCIII"UTATtOlt lUll'.. 4 - ..... J~ __ "...,.. 1IM10Pt: 

.. TDJAL PIGIIUTY DATA rCllLCMr -
1 ALL .. TalAL 

11S 
Il1O ,. .TII ........ -TOTAL ..,.a .... m. 



__ INUII SHUll JTtu:NCm4 UVELOPE 
o ISO 

JOG 1000 
700 1110 

1100 1150 
1100 1'00 
1100 1'00 

..rACe PllESSWtE DATA FCILLOW (IIE-IETS YALUU TO ZEIO) -

AMALmS/COIItUTATICIN DATA FCILLOW-
CJlCUL.AII _MOt 

II 10 O.S 0 
TANIENT LINE REYAnCIIII FClLLCMI 

o 
mACK NPTH FClLLOia 

I 
FACTaR 011 SAlnv (ltl-lETS VALUE TO DEFAULT VALUE) 

1. I 
ftN FaRCE INCLlNATICIIII (_-lETS YAL'" TO KFAUL T YAL"') 

15.0 
STCIP _AIICH AnlI INITIAL IIIOE 

COIItUTE 
HlADIIIII FClLLOia - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
IXMPLE ,.aeLDI • - E .. AllCllllENT CIIII A STItCIIII FcueATICIIII 
LONG-TPM STAlILITY CGIiI'UTATICIIIS unllll UFECTlVE ITMIKS 

IMTERIAL ,.OPEITV DATA FCILLOW -
1 ALL _TlIIAL 
115 
110 "'" aTtI ... ,..S 
CGlfVENTJONAL _All JTIIDInHS 

100 20 

HlADIIIII FClLLOia - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
IXMPLE ,.caDi • - DaMIQIENT CIIII A STlONO FcueAnCIIII 
LONG-TIItM STAlILITY CGIiI'UTATICIIIII USlN8 UFECTlVE ITMIKS 
CClPUTATICIIII lUlU 110. 1 - 110 PCRI _TU ... __ S - 110 mACK 

MAL YII'/C("~UTATICIIII DATA FCILLOW -
CJItCULAi IIAICH 

c:a..vn: 

II 10 O. I 0 
TMIENT LINE EUYAnCIIII FClLLOia 

I 
mACK NPTH FClLLOia (.-IET. DII'TH TO ZDO) 

I 

MEADJIIII FClLLOia - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
IXMPLI ..... 111 • - DaMICIIIDIT CIIII A STlONO FcueATJCIIII 
LONG-TIItM STAlIUTY COIiPUTATICIIIII UlJIIII UP'lCTlVE 1111 .. ' 
CM'UTATJCIIII IUIII 110. I - 110 PCIItE _TO ,. __ • - 1 n. mACK DEPTH 

MAL YIIUCGIiI'UT ATICIII DATA FCLL OW -
CJlaa.AI JUICM 

II 10 I.' I 
TAIIIOIr LI. I1.lYAnCIII FaLL .. 

I . 

CUCI DEPTN FeLL .. -
1 

"31 



98 

",.1111 'Cll.L~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DMPU NOIU ... - ' .. HlCWEMT ON A mGIM 'ClUllDATJON 
LOMe-TU" rTMIUTV CCUtUTATJCIIII unll' uneTlW n ... , 
CCIIPUTATJON .RUI 110. :s - R-_~ - 0." - 110 caACIC 

_"RIAL NCIf"IRTY DATA FOlLOW -
, ALL .TERIAL 
'11 
CCIIIIT Nff R......u 

O. ,. 
COINEJfTJCIIIAL 

100 '0 

MAL YaI/CGIIPUT ATSON DATA '01. L ~ 
ClRCULM IIMCIf 

IS SO O.S 0 
TMillIIT Lt. 'UVATJON 'OI.L ... 

I 
CIACI .'TN 'OI.L ... C_-KTI DUTM TO JUO) 

o 

",ADIIil ,aL~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DMPU NOIU ... - , .. AIIQEJIT ON A m_ '-.TJOII 
LONe-TUM nMlLtTY COIPUTATICIIII mill unmw "' .. , 
OGIItUTATJCIII .Rln 110. 4 - .. ~ - I." - • caACIC - CCIICIJON lIT TO 1U0 

.T'IUL NOPUTY DATA 'OI.LOW -
, AU, .TDJAL 
'IS 
OCIIIITANf R~ VALUE 'OI.Lo. 

0." 
eONY£IIT1CIIIAL 

o ,0 

MALml/cowUTATJOII DATA 'CLLOW
ClRCULM "CIf 

IS 10 O.S -IS 
'GIIT 1'III0UIM IIGCH CIRCLE 'AillI 'CLL ... 

o 0 



APPENDIX C 

LISTING OF INPUT DATA FOR EXAMPLE PROBLEM C 





... zaee 'OI,L~ - - ~ .. - .................. - ........ - .......... - ....... -
IXMfILI ..... 111 C - a. .... '" CII ... ,CU&\TtCII 
...-r-TDaI IrTMnnY - CCIIIPUTATtCII ..us.. 1 

.... ILI U_ DATA 'CILLo. -
, , Lomt _~, fII IfIIT CLAY ...... TtCII 1llA11II 

0.0 -7 •• 
'10.0 -7 •• 

I I ...-at _~, fII IfIIT ClLAY'-.ATtCIIIllA11II 
0.0 0.0 

'10.0 0.0 

33 ... ACTU PUL 
•• 0 ,1.1 

10 •• '1.0 ,.... '.0 

.1'DlAL PlCllDTY DATA 'ClLL_-
, Lomt _-IW..F fII ' ...... TtCII 

• • TOTAL IIIJT IUINT .,. ....... 
LDKM JIICI£AIE II INUIt ITIDMII tnH DIPTH 

300 .. 
I ...at _~, fJI 'OIIIDATtCII 

• • TOTAL IIIJT IIJINT .,. ....... 
CllMllTJCIIM. INUIt JrTIDImtI 

3000 
3 "'M1'ID SAle PUL 

" •• TOTAL IIIJT IUINT · ,. ....... 
CCIIVDfT1CIIM. IIIEM ........... 

O. 
MAL YllIICCIIIPUTATtCII DATA FClLL_ -

ClZltCULM aMelI 
71 • , -II 
TMIDIT UJIE a.IYATtCII ,. DInUL .. fJI IIMCIt 'CILLWI -

-II 

... z. rCII.Lo. - - ....................................................... .. 
£XMII\I ..... 111 C - o. .... NT CII ......... TtCII 
...-r-TDalIrTMnnY - CCIIIPUTATtCII -.au •. I 
a.,.....,. AISI..:D ZDO ..,. I1IDI1'N 
.TIltIM. PlCllD1Y DATA 'ClLL_-

3 ... M1'ID SAle PUL 
, II - TOTAL IIIJT mINT .,. ...... 
CCIIVDfT1CIIM. IIIEM I'I'IDIITMI 

o 0 

MM.YllIICCIIIPUTATtCII DATA ,ClLL_
CIltCU n.' M •• ".0 

III:.ADs. '''L~ ...................................... -.................................. .. 
IXMfILI .....a c - DIIM'Gf'1'f CII ......... TtCII 
""-TDaI IrTMnnY - CCIIIPUTATtCII a1tJD .. 3 - ae __ ......... IV 
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VDTJCM. ~ "'''1 ACTJII8 CII .-JZClllTAL IRCIUIID "-ACE 
aCIH _.TIIY DATA FCLL_ -

•••••• , ...... . 
"-ACI ...... DATA FCLL_ -

•.••.• 1.70.' •.• 
.... ••• 1170.' ••• 
'14.' •.• • .••.• 

MALmUCCIIIIUTATtCII DATA FCLL_
c:IIlCaM IIAIat 

71 31 , -" 
TMIDIT LX. IUYATJCII F. DIITUL ~ ,. IIMCIt ,au. -

-'I 
m.oan a. CCII'I-RotllDllnl'lrn~CII ,.. ..... TO ...... 
taJTtCM. aac:u TO • , .... (110 ITOP AnD DllTUL .-E JI C*IIUTIl 

CCM'UTl 
•••••••••• EMTlIELY lEW DATA FaL_ ......... . 
-.1. ,aL", - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DAlPLI PI .. EM C - a.MlCMEIfT CllIIM 'cu.ATtCII 
L~TDIIITMJLJrt 

PICIF:ru LJIK DATA FCLL_ -
, , ALL Fcu.ATtCII MlTDlAL 

•••••• , ...... . 
1 1 CCliPACTU IMe mL 

•.• 'I.' .... " .. 
'14.' •.• 

MlTllt1AL PlCIPUTY DATA FCLL_ -
, FClUleATtCII aTU1AL 

'" - TorAL WIlT la11ft' 
PUZCIaTUC LDE , 
CCIIIVIIIT1CIIUL IMEMI ITIIIIftHI 

.13 
• CCliPACTID IMe FnL 

"I - TorAL WIlT la11ft' 
110 PCIII ... ..., 
CCIIIWNTtCIIUL IMEMI 1......-rMI 

.31 

PDZCIMETUC U. DATA FCLL_-
, PlUClKTUC LDE D FClUleATJCII ... 1IIIrDD ....... TU TMU 

•••••• ,ao.' •.• 
MALmUCCIIIUTATtCII DATA FCLL_

c:IIlCaM IIMCIt 
71 31 , -tl 
PQDfT T'tItCI*I tlllCIt CDCLII PAD ,. DII'T1AL ... ,. IUICIt FCLL_ 

,14 • 



APPENDIX 0 

LISTING OF INPUT DATA FOR EXAMPLE PROBLEM D 





-..z. ,aLa.: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DMPlI ..... l1li D - DCAYAT'ID aCIPI 
~-TDIIII'TMJLlTY - CM'UTATJCII IIItJII lID. , -. tDaJCII cuac 

PllGnLI LI. DATA 'CLL_-
, , ALL IGJL 

... 0 
00 
.. 10 
'00 10 

IIlTDJAL fIIICIID" DAtA ,aLC. -
, ALL MUL 

, .. - TCn'AL IIIlT taINT 
............ 1 
CCIIIVINT1CIIAL HAlt I .. y,...."n. ........ 

,.. 0 

MIM. YlJslCCII'UTATJCII DATA 'CLL_ -
CDCULM IUICII 

•• 0.' ~o 
T--.rT LM ILEVATJCII 'CLLOI8 
~ 

ITCIP WTD DaTU&. II1II til IUICII II CCIIIILI1D 

CCIIPUT'I 
-"l1li 'eLLa.: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
IXMJILI ...-.a. D - DCAYATID aCIPI 
~-TDIIII'TMnJTY - CCII'UTATJCII IDDI lID. I - I.' 'OOT IIIP TallCli cuac 

MIM. YlJslCCII'UTATJCII DATA 'CLL_ -
CDaLM IUICII 

303O0.'~ 
T--.rT LM ILEVATJCII 'CLLOI8 -

~o 

cuac DIPTM 'CLLOI8 -I.' 
-"1_ 'Cll.La.: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
IXMJILI ..... l1li D - DCAYAT'ID aCIPI 
L~TDIIII'TMJLJTY - COIIPUTATJCII IDJU lID. 

IIlTDJAL NWDilt DATA 'CLL_-
, ALL IGJL 

'u - TOTAL IIIlT taINT 
........... 1 
CCIIIVDfTlCIIAL HAlt 1.,',...." ... 71 ..... 

'00 U 

MIM. YlJslCCII'UTATJCII DATA 'CLL_ -
CDCULM IUICII 

• 300.'~ 
PGbIT ~ 1111111 CDa.lI PAIl ,. Dn1IIL IIIDI ,. IIMCII ,aL_ 

00 
cuac DIPTII 'CLLOI8 -

o 
ClllTlCIIL c:IltCLI TO • ,.. C- IT. MTD Dn1IIL IIIDI II OCIIIPLITI) 

OCIIIIVTI 

-..1. 'Cll.La.: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

105 
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IX.U .... W D - IXCAVATD aOPE 
L __ TDM ITMIUTY - CCIIPUTAnCil IDJII MO. I - Pc. .TO ..... 1 
DUcalIED IV A PU%Ca1UC U. 
IMTD1AL PllCPDTY DATA 'OLL_ -

1 ALL IOn 
111 • TCn'AL WIlT IKJIIfT 
PU%CaTUC U. 

1 • PU%CaTUC LJIK MO. 
tI!IOCIIMII-IhI'IITJ~CIIIM. IItIM ITlllMllTI 

'" II 
PlUa.1UC LIIK DATA 'OLL_ -

1 PllZa.TUC LJIK ,. ALL IQD. 
-10.0 0.0 

0.0 0.0 
••• 1.1 

11.0 4.1 
H.O '.3 
.... 0 7.' 
10.0 '.1 
10.0 10.7 
'''.0 11.0 

.. z. ,aLa.' - - - - - - - - - - .. - - - - - - .... - - - - - - - - - - -
DMPLI .... W D - IXCAVATID aOPE 
L __ TUII ITMJUTY - CCIIPUTATJCII lUlU MO. 3 - Pc. .TO ..... 1 
IIJICaIED IV PJEZCIII1UC LJIK - nLL CAPnLMY (_IAn., ...... u.D 
IMTDJAL PllCPDh DATA 'OLL_-

1 ALL IOn 
111 • TMAL WIlT .JIIfT • laL 
PUZa.TUC LJIK _lAnw O.K. 

1 
CCIIIVDITJCIIIM. IMIM 11'MHnII 

100 II 

.. s. ,aLa.' .... - .. - - - - - - - - - - - - - - - - .. - - - - - - .. - -
IXMAI .... 111 D - IXCAVATID aOPE 
L __ TUIIITMIUTY - ClllillUTATJCII lUlU 110. 4 - Pc. .TO " __ I 
DrIfiCGID USIIII A callTMIT VAL. , •• ...u (I ...u • I. 1J) 
IMTDJAL PIlCIPIITY DATA 'OLL_-

1 ALL IOn 
111 • TMAL WIlT IKJIIfT 
callTMIT .~ 

0.13 
CCIIWIITJCIIIM. IMIM IfIlMTlll 

100 II 

.. s. ,aLa.' - - - - - .......... - ...... - .. - ...... - - - ............ .. 
IXMIILI .... W D - IXCAVATD a.r 
L __ TUIIITMIUTY - CCIIItUTATJCII IUlIl MO. I - Pc. .TO ...... 
DlICIUID UIJII8 A callTMIT VAL. , •• ...u (I ....... 1.11) 
IMTIIlAL PlKWlDTY DATA 'OLL_-

1 ALL IOn 
111 • TorAL WIlT IKJIIfT 
callTMIT .~ 

0.11 
CCIIIVDITJCIIIM. IMIM IYaaWnII 

100 II 



COIiPUTE 
J.K.AD'IIIO 'Cl.L~ - - .. - - - ............ - .. - .... - - - - - .. ~ .. - .. - - -
I'ICMPLE ,.OILEM D - EXCAVATED .. aPE 
LONO-T'ltal ITAiJUTY - CCliPUTATICN 111111 MO •• - 'OIl aTEIt I'IlESSUUS 
HSCltJID un. A CONSTANT VALUE ,. It .... -U ( ..... -U • 0.11) 
.TPlAL NfIlIIIItTY DATA 'OLLOW -

, ALL lOlL 
, U • TOTAL UNIT .ltHT 
CCINITANT It~ 

0.11 
CCIIM:NTlCNAL HAl ITItINOTHS 

'00 II 
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APPENDIX E 

LISTING OF INPUT DATA FOR EXAMPLE PROBLEM E 





I4E:IIJJNO FCll.Lo. - - ... - ...... - ...... - ...... - ...... - - - - ............ ,. ............... ... 
EXMI'LE PIIOILEM E - nOlI r ... SOILI All) rOUNDATIONS ...elM. IMtAIAL 
IAII) rILL ON IAII) rOUNDATION WITH 5 rOOT MCK CLAY LA'f"E1i 

PIICf'ILI UJIE DATA rOLLOW -
1 1 LOKI lAND ITIIATUM IN rOUNDATION 

-130 -15 
10 -15 

2 2 rOUNDATION CLAY ITRATUM 
-130 -,. 
10 -10 

3 3 ~R lAND ITRATUM IN rOUNDATION 
-uo 0 
10 0 

4 4 lAND rILL 
-130 30 
10 30 

MATEILIAL PROPERTY DATA rOLLOW -
, LOKR lAND 

10 • IUlMEIiGED UtaT .IGMT 
NO POIlE aTEIL PHISUltES 
CClNYENTIONAL HAIl IT..,.", 

o 30 
2 rOUNDATAZON CLAY 

31 .•• IUlMERGED UNIT .1..., 
NO POIlE aTER PltESMEI 
CClNYENTIONAL HAIl ITUHlTMS 

1500 
3 UPPER lAND 

120 • TOTAL UNIT .IGMT 
NO POlE aTEit PHIIUltl:I 
CClM:NTIONAL HAIl ITUHlTHt 

o 30 
4 lAND rILL 

110 - TOTAL UtaT .IOHT 
NO POll aTER PltlIlUltEl 
CClM:NTIONAL HAIl ITUNOTHt 

o 30 

nOPE KOMETRY DATA rOLLOW -
-130 30 
-10 30 
o 0 
10 0 

ItEMINI FCll.Lo. ......... - .. - ............... - ...... - - ......... - ... - - - ... - ........ -
EXMltLI PltOlLEM I - rlOll rHa lOlLS AND rOUNDATIONS -.c.... IMtAIAL 
lAND rILL ON lAND rOUNDATION WITH 5 rOOT THICK CLAY LA'f"E1 
CCIiIPUTATION lUllS lID. 1 - .LICTU NC:II-eJICULAIL _All ..,ACI 
MAL YSlI/CCIIIUTATION DATA rOLLOW -

IICIN-CSICULAIL -U.'" .10.0 
-Ie.o -10.001 
o -10.001 
11 • .12 0.0 

111 
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COIItUTE 

HEADING 'OLLo. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
EXMPLE .. ItOiLEY E - now ,MIa lOlLS Nfl) 'OUNDATIONS -.c1HOfl IlMUAL 
lAND rILL ON SNfI) 'OUNDATION _TH 5 'OOT THZCK CLAY LA'tU 
COIItUTATION SEItIEI NO. I - AllTaaMTIC SEARCH ,CIt CRITICAL ClItCLE 
ANALYllI/COIIPUTATION DATA 'OLLOW -

ClItCLE SEARCH 
-30 50 0.5 -31 
TANOrNT LINE 

-15 
CRITICAL SHEAR IUltUCE 

COIItUTE 

HEADING 'OLLo. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
EXMPLE ftltOlUY E - now ,MIa IOILI Nfl) 'OUNDATICMI _1C1HOfI IMNUAL 
lAND rILL ON lAND 'OUNDATION _1M 5 'OOT TNZCK CLAY LA'tU 
COIIPUTATION .RIlI NO. 3 - AllTaaMTIC IOItCH 'CIt CItlTICAL NClN-CZItCULAR .... ACE 
ANALYllI/COIIPUTATION DATA 'OLLOW -

IICIN-ClItCULAR SEARCH 
-15.0 30.00 
..... 0 0.00 0 
"'3.0 -10.00 0 
"'0.0 -14." 0 

COIItUTE 

0.0-14."0 
'.0 -10.00 0 

IS. 0 0.00 

HEADING 'OLLo. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
EXMPU ftltOlUY E - 'lOW ,MIa IOlLi Nfl) 'OUNDATIONS ~1HOfI IIMUAL 
lAND 'ILL ON lAND 'OUNDATION _1M 5 'OOT TNZCK CLAY LAYER 
COIItUTATION SEltlES NO. 4 - ILOPE 'LAnENED ,!tOM 1/1 TO 3/1 
SLOPE .a.aTItY DATA 'OLLOW -

-130 30 
... 030 

30 0 
'70 0 

ANAL mS/COMPUTATION DATA 'OLLOW -
IICIN-ClItCULAR SEARCH 

-15.0 30.00 
..... 0 0.00 0 
"'3.0 -10.00 0 
"'0.0 -14." 0 

30.0 -14." 0 
3'.0 -10.00 0 
51.0 0.00 

O. IS - ..rill .... INCIWIENTAL IHZFT DISTANCE (ACCUIAC't) 

tlElIJ%NO 'CllL.La. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
EXMPLE .. ItOiLEY E - 'lOW ..... IOILI NIIJ 'OUNDATICMI ~ ... IIMUAL 
lAND 'ILL ON SNfI) 'OUNDATION _1M 5 'OOT TNZCK CLAY LAYEI 
COMPUTATION IDlES NO. 5 - ILCIPI _1M 10 FT. HZ ... 30 n. _DE. 1/1 ..... AT TOE 
SLOPE .a.aTItY DATA 'OLLOW -

-130 30 
... 030 
-10 10 
10 10 



300 
710 

MIM. vaslCGJIVTA12CII DATA 'CILL .. -
IICIIt-CDCUUI 

~.11 30.00 
-71.'" 0.00 
"4 •• -10.00 
"'.10 -14." 
a ... -14." 
D.04 -10.00 
D.H 0.00 

-.1. ' .... Le.. - .. - ...... - - - - - - .... - - - - - - - - - - - - - - - -
DMPU ... 111 I - noll ".. IOILI ~ 'cuaA12CIII _ ... MMIIAL 
lAND ,nL CII lAND 'cuaA12CII .". I ,oar TlGCIC CLAY LA .. 
CGIIIUTA12CII IDJII 110. • - 'IMIM In' 1IItCIUIIt CLAY 
JllClFn, LIIK DATA 'CILL" -

• 1 IMIM In (.......u) 
-:10 -10 
~0-1O 

I I 'cuaA12CII CLAY ITaATUII - IItSTIUII ,. In 
-130 -10 
-:10-10 

• • 'cu.A12CII CLAY ITaATUII - .-s'RUM ,. In 
~0-1O 
71 -10 

aCIPI .CIIIETItY DATA 'CILL .. -
-130 30 
.. 030 

o 0 
71 0 

MIM. vaslCGIIIUTA12CII DATA 'CILL .. -
-..c:uc:uLM 

..... 71 30.00 
-71... 0.00 
...... 0 -10.00 
.... 11 -14." 
-a.30 -14." 

4.41 -10.00 
".44 0.00 

-.1 .. rCl.Lc.. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DMPLI ..... 111 I - ntCIM ".. IOILI ~ ' .... 12CIII _ ... MMIIAL 
lAND ,nL CII lAND ' ..... 12CII .". I ,oar TlGCK Cl.AY LA" 
CGIIIUTA12CII IDJII 110. 7 - _IDM. .GIiIETItY. unc:r " a. II aTD r-., 
PIICInU LDE DATA ,ClLL .. -

• • IMIM In IIPLMD .". CLAY" CCIIIUI'A12CII I11III1 •• 7 
~ -10 
... 0-10 

llJ 
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, ~EIl SAND ITIATUM III FOUNDAnOll 
'0 ....... , UNIT _lINT 
110 ,OM: _Til ,allUM. 
CCINYlNTJONAL HAl lTalllT", 

030 

CClPUTl 



APPENDIX F 

LISTING OF INPUT DATA FOR EXAMPLE PROBLEM F 





HEADJIIO 'CIl.lo. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
lXMlPLI 'IGeLE., , - NOI. DlICIJIlD JM .TAll UKI IMNUAL. IV ICINALD A. .nOll. 
II'OIT 01..,-71 .. DIll JOJNT MIlMaY II.AIICH '1D.lICT NO. ~-3I1C. ~Ul UNJV •• 
II'OIIT DATID JUNE 4. '.71 - IIVJKD JUNE II. '.71 
NorJLI lJIII DATA ,elLOW -

, , ""IWDIT (DID HAIl mlNOTH) ITIlATW 
,., II 

'31 'OJ 
101 "0 

I I JNTlIMlDJATI ITIlATUY - AlOVE IlTII TAILI 
1373 
'0' II 
IDI It 

J J JNTI..-DUTl ITIlATW - IILOW IlTlI TAIL I 
o II 
II 17 
3113 
1313 
U 71 
104 II 
'11 IS 
'40 17 
101 IJ 

4 4 l_11 ITIlATW (IlGIOCK) 
o '1 
I. Z4 
I' II 
7111 
.4 II 
"S 14 ,n II ,.,,, 
loa 71 

IMTIIJAL NOPIiTY DATA 'ellOW -
, ""IYOST (ZOO ITIiMOTH) ITIlATW 

"1.4 • UNIT IIJINT 
NO '011 IlTII 'llllUll. 
CONWNTJDIIIAL HAIl ITIINOTHI 

o 0 
I JNTIIMlDJATI ITIATUW - AIOYE IlTII TAill 

"1.4 • UldT IIJINT 
NO '011 IlTIl N1l1U1tlS 
CCIIM:NTJDIIIAL HAIl ITIIDI8THI 

100 ,4 
S JNTI..-DUTl ITIlATW - .lOW IlTlI TAlLI 

'14.1 • UNIT IIJINT 
'JIZOWlTIJC lJNE , 
CGIIYINTJDIIIAL HAIl ITIINITHI 

100 '4 
4 L.,.IT ITlATW (IID.OCK) 

'IS 
1m '011 '11...,.' 
CClMYENTJDIIIAL HAIl IT....,.... 

100000 0 

'JlZOWlTlJC LINE DATA 'CIl.LOW -
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1 'UZOIKTRIC U .. na IJIT~%ATI STRATUM 
Oil 
II 17 
HI3 
1373 
U 71 
'04 II 
,It II 
'40 17 
101 .3 

.. AlII. 'Cl.Lo. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
IXAMPLE 'RGILEY , -
coa.UTATJON .RU. NO. , - un .. IIIIIT CllnCAL IMlAI 
MMrACE rOUND IV IU_L ON tal FIRST lUll 
ANAL m./CCIIiPuunON DATA 'CILLOW -

NDNClRCULAI 

COIIIUTE 

41.1' 11.11 
II. DO 14.3' 
14.'7 13.17 
74.'7 13.13 
..... 3 14.47 
M.'O 11.'0 
'04.1' ".10 
"4. DO 7,. II 
'23.11 71.11 
'31.0' 10." 
'40.11 '1.41 
'41.10 .1. 40 
'11.'1 '7.'7 
'13.11 '01.10 
'13.13 '01. II 

"AlII. 'Cl.Lo. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
EXAMPLE 'RGlLIY r -
CCIIIIUTAnON •• U. NO. I - AUTClMnc IEMCH '01 ClUneAL CZRCLE 

ANAL m./CCllPuunON DATA 'CILLOW -
CZRCULAI KMCIt 

70 140 , '1 
'OIIIT T .. CU .. IIGCIt CZRa.n ,All '01 IIGTJAL waH or IIMCN 'CILLOWI 

HI3 

"M%. rCl.Lo. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
EXAMPU 'RGlUY r -
CCIIiPUTAnQII KRU. NO. :s - ZERO JTJDMmf ITIATUM .PLACU WIUll'ACI IIMIIUIE. 
AUT_TIC IIMCIt '01 cunCAL IICIIICllCULM IHlM ..,ACE 
ILGH _.TIY DATA 'Cl.LOIf -

0.0 ".0 
11.0 '7.0 
H.O 13.0 
n.o n.o 

'0'.0 11.0 
101.0 It. 0 

..,ACE 'USlUltl DATA 'Cl.LOW-
'0'.0 11.00 0.0 0.0 
,H.O ., .• , '17'.' -'31.0 



201.0 ".00 12 •••• -"'.t 
MAL YUs/CClPUTATJOIII lATA r«'LOW -

IIONCIRCUUIt KMeN 
45.5 •• .. ... ..... 
." ... 
U ... 
H •• 
105 't 
n .. '7'l 
'21 1. 
'12 '0 , .. , ., , ... , 
'10.1 tS.S 

0.5 •• a ...... INClEI&IITAI. tHlrT DISTAlfCl I M:CUAAt:'f 

... 1111 'CIl.Lo.' - - ...... - .... - - - .. - - - .... - - .. - ...... - - .... - -
EIMl'LE NCllLEY r 
CClPUTATIOIII .RUI 110 ... - ZERO STIll...,." STRATUM .'LACID wi ... ACI NlII&MI:I 
MlTOIMTJC KMeN rOR CRITJCAL aRCU: 
MAL'tSU/CCM'UTATJOIII DATA r«'LOW -

aRCULM KMeN 
'10 140 1 ,. 
POINT TNltCIUIM HeN aRCUI 'All rOR JIGTJAI. II1II ,. KAReN r«.LO. 

Jln 
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LISTING OF INPUT DATA FOR EXAMPLE PROBLEM G 



t 
f 
t 
• , 

t 

f 

" ( 
) 

f 

i 
I 

t 
t 
t 

I 
J 
I 



... 1111 'cx.L~ .... - ........ - ................ - ................. - ...... -
II.MPU ".*IY 0 - 'AiT ZAI. I. Y ..... D ROPI 
CClPUTATICIN •• JII 110. 1- un ... __ .., UlGT .JIIITS 

PlarJU U'- DATA ,01.1.. -
1 1 IOU MOIII _". 

-100 10 
1010 

I 2 lOll. .1.. _TU 
-100 11 
10 11 

IMTlIUAL MOPl.TV DATA ,01.1.. -
1 lOll. M. _Ta 

114 • TOTAL UlGT .11IfT 
110 HIlI _". HlIIUU. 
CCIIN'INTJCINAI. HAl ITMIIITMI 

100 11 
I IOU III.. _". 11.' ...... D UlGT .JIIfT 

lIO'eN _Til HlIlUUI 
CCIIN'INT I CINAI. HAl ITIIIIITNI 

100 " 

ROPI .MTItY DATA ,01.1.. -
-100 20 
-eo 10 
o 0 
100 

MIlL YUI/CClIiPUTATIOII DATA ,01.1.. -
a.CULAI KMeN 

-to 40 0.1 -to 
'QJNT TIIUIUIII HeN ClItCLE PAIIII ,01.1.0. 

00 
ITOP AtTl. IIGTlAL IIIK ar KAlCH II CCIPI.ITU 

CQIIIUTI 
•••••••••• (NTJREI.Y MlW DATA 'OLI. ••••••••••• 
• AlJ. ,aL~ - .... - .................................................. .. 
(l.MPI.l ,..lM • - 'MTIALLY _It.., RON 
CGliPUTATlOll K.1II 110. I - ua .. TOTAL acT II1I1fTI MID HIlI _TIlt ,. ... , 
DlICIUND IY A 'JI%MT.JC UMI 
PlarlU U. DATA ,01.1.. -

1 1 ALL lOlL 
-100 10 
-eo 10 
o 0 
.0 0 

IMT(.JAL MCPUTY DATA 'OLL. -
, ... 1. .11.. 

'14 • TOTAL waT .JIIfT 
'JUMTIUC 1.1'-

, • 'JItMTlJC U.- ..... 
CCIIN'INTJIIIAL HAl ITIIINITMI 

'00 11 

PJI%MTIUC UMI DATA 'OI.L. -

123 
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I 'JEtGWn'IJC U. FOI ALL IMrUJAL 
-lot " 
10 II 

.. ACl Pt& .... OATA FClIoLOW -
-31.1 " 0 0 
o 0 lSi 0 
10 0 lSi 0 

AlIA&. YlJI/CGMPUTATJGN OATA FOlLOW -
CllCULM _MCH 

-to 40 0.' -to 
PCllIIT THIOU111 WIlCH ClICLEt 'AIS FOlL .. -

o 0 
IT •• TI. JIIITJAL .... IIMCH JI CII.PUTE 

COIiI'UTE 
.... J ... '&Lo.: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
'IMI'LI PIlI ... , .. 0 - 'MTJALL Y ......... CIPI 
CCII'UT An ..... JEt MO. 3 - un. TOTAL _T .JINTI ,. POll am PII .... I 
Kn.-o un .. THI JIITEIPOlAn .... TJON 
IMTUJAL PIIICftITY OATA FOlLOW -

I ALL lOlL 
lt4 - TOTAL _T .JINT 
JIITEIPOlATE Pllnuul 
CCIIfYINTJOICAL HAlt ITIIPII1'MS 

'00 'I 

JIITlIPOlATJON OATA POJIITI FOlLOW -
PII .... VALUEI FOlLOW -

-'00 10 0 , 
10 20 0 , 
-100 " 0 1 
IOU01 
-100 -10 "14 1 
10 -to t1l4 01 
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