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SUMMARY

This thesis is a study of data obtained for two unstable river
banks in the Metropolitan WTnnipég aréa. Records of slope movements and
ground water pressurés are presented; as obtained in the field by means
of slope Tnditators and piezometers. . These provide previously\uhava[lab—
le information regardiﬁg pére pressures and bank movements varying with
time.

The shape of the slip ltﬁe was estimated from slope indicator
readings and observations of sﬁrface cracking. Residual shear strength
parameters were found from direct shear tests performed on clay samples
from each site.

A simplified method of slope stability analysis was developed to

‘permit ready analysis of piezometer data_obtafned at frequent {ntervals

of time. A computer program was prepared to process the large amount of
data obtained. The analysis permits a correlation of shear strengfh.parﬂ
ameters required for static equilibrium of the river banks at various

times of the year. The strength parameters required ‘for equilibrium in the
field, for times of impending slope movements, were found to fall within
the fange of residual values as determined in the laboratory by direct

shear tests.




CHAPTER 1
[NTRODUCTI'ON

Over the years, there has been an increasing demand to develop
river bank areas in the Metropolitan Winnipeg area. With increased pop-
ulation, greater use has been made of the banks for apartments, bridges,
pipe line crossings and parks. Areas previously deemed unsuitable for
construction are now receiving consideration for development.

A lack of adequate data, particularly with regard to pore press-
ures, is the cause of considerable uncertainty- in analyzing the stabili-
ty of the river banks. Uncertainty has also.existed in knowing the act-
ual configurations of existing failure surfaces, shear strength paramet-

ers, and when slope movements occur.
[ GENERAL DESCRIPTION OF THE STUDY

The locations of the two sites studied, namely the Tache Avenue
and St. Vital sites, are given in Figuve 1. Data on pore pressures and
slope movements had been previously obtained on the river bank at the
St. Vital site for a limited time only. |t was decided to continue
monitoring this site with additional instrumentation to provide more
detail. To give a more general basis for analysis, a second site (Tache
Avenue) was selected and instrumented. . For both sites, pore pressure
and slope indicétor readings were obtained for a full cycle of winter,

spring, summer and fall conditions.




3
A'simple means of analysis of failed banks was devefoped to permit
an appropriate correlation of piezometer readings, river leyels, slope
movements and shear strength parametérs*.

[t was realized that with only two banks investigated, the res-
ults of the study should not necessarily be considered typical for all
river banks in the WEnﬁipeg area. A ]Jimited number of laboratory tests
were performed to determine residﬁal shear strength parameters. The
complete rangé for these parametérs might not have been established.
Altﬁough it is an important factor, the vartatidn in river bank prof-
ile at the toelof each bénk dﬁé to scour and silting during flood stage
was not included in the present study. The numerous soundings required

for such a record were considered to be beyond the scope of this thesis.

Ll ORGANLZATLON.OQF THE THESIS

Chapter Il. A review is made of previous approaches to the prob-
lem and their limitations.

Chapter LIl. The data are described. Details of field instrum-
entation and laboratory testing are presented. Examples of slope indica-
tor, piezometer, and direct shear test data are given. The complete rec-
ords, because of their bulk, are included in the appendices in table form.
Chapter [V. The data obtained are analyzed. The derivation of

the simple slope stability analysis technique using full residual shear

* Some of the terms commonly used in the field of soil engin-
eering are defined in Appendix E.




strength is presented, together with graphical illustrations of the results.

Chapter V. The results of the study are discussed. Conclusions

are made through consideration of the findings.




CHAPTER It
THE HISTORY AND PRESENT STATUS OF SLOPE STABLLITY
ANALYSTS IN THE METROPOLITAN WINNIPEG AREA
[ DESCREPTLON OF SQLL CONDLTIONS

The soil profile in the Métropol?tan Winnipeg area has been
previously described by Baracos (1)*. Topsoil is usually encountered
to a depth of up to one foot. This is successively underlain by three
distinct clay units, namely; brown clay;;mott]ed brown and grey clay,
and grey clay. Silt layers ranging from sevéral inches to several‘feet
in thickness are sometimes found wfthtn-the clay or at surface. The
clays usually have a laminated structure. To‘a depth of approximately
six to eight feet the structure is nuggéty; friable and sometimes slicken-
sided in addition to being laminated. This structure is likely due to
frost action and weathering.

The grey clay, which is found beneath the mottled brown and grey
layer, usually contains small silt inclusions which become larger and
more numerous with depth. Silty glacial till is normally found
immediately below the grey clay. The till is often soft within the
top two feet. [Inclusions of grey clay are sometimes encountered in

this upper till layer. The till becomes hard and cemented with depth.

* Numbers in brackets refer to the corresponding reference
listed in the bibliography.




Limestone bedrock general]y underlies the tfll Sometimes the till
layer is ahsent and the grey clay rests d|rectly on the bedrock.

The c]ays, g]acto]acustrlne in origin, were deposnted by
sedimentation in the former Lake Agassiz. wThe variation tn color with
depth is suspected to be due to oxidation of the clay minerals. The
upper layers are characterized by the rich brown color of “ferric
oxides. The color Bécomes gréy-wtth depth; fndicating the presence of
ferrous oxides due té incomplete oxtdation;

The most important soils from the ylewpoint of slope stability
are the clays, since this is the matéria]ththin which slope failures
usually occur. A high content of monthorillqntte has been found in
Winnipeg clays. Quigley (10) found-that'the_ciays cohtaﬁned about 80Q
percent montmorillonite~illite within the clay size %faction. Their
p]asticify is generally high, with a plasticity index of approximately
60 (1). The activity ratio, defined as the ratfo of plasticity index
to percentage of minus two micron sizes (2), is found to be approxim-
ately 0.75 to 1.0. This flgure is arrived at by assuming the plast1cnty
index to be 60 (l) and the percentage of minus two micron sizes to.vary

between 60 and 80 as found by Quigley (10).
[l PREVIQUS APPROACHES TO ANALYSTS

The analysis of slope stability inyolves statical indeterminacy
(8). n order to perform such analyses, simplifying assumptions have

been made to render them statically determinate. The approaches to slope




stability vary in the nature of their simplifying assumptions.

The approachés to slope stability analysis discusséd herein
involve the assumptior of a fafluré zone in the shape of an infinitely
long cylinder of un?form cross séction; tn section; the failure zone
is bounded by a slip line consisting of a circular segment along which
the slide tends to move. The assumption of infinite length makes the
problem a two dimensional oné. A séction of unit width, taken perpen-
dicular to the bank; can be used for anélysis. The forces acting on
the cut faces of this séction can.bélignored, since this is a plane

strain condition.

'Ta?io}ié'friéfiéa éé;éié'méfhodv(i6): The actuating force
vectors are considered to be the tota14WeigHt'andlthe resul]tant bound-
ary neutral forces. The resisting forces consist of the resultant
cohesion and the resultant intergranular frictional force. The inter-
granular forces acting on segments of the slip éurface are assumed to
act at an obliquity of @é*. Hence their lines of action are all tan-
gent to a smaller circle haviné the same center as the slip surface.
This smaller circle is called the friction circle. The approximation
is made that the resultant intergranular force acting on the entire
slip surface is also tangent to the friction circle. The existence of
tension cracks at the top of the bank is usually ignored, or taken care

of by using a simple reduction in average shear strength.

* Symbols used in the text are defined in the List of Symbols.




As a result of the assumptions, the problem becomes étatically
determinate. The solution for thé safety factor with respect to soil
strength is accomplished by a consideratioﬁ of moment equilibrium
about the center of the slip cir;lé.

Taylor (16) analyzed a large number of cases hy means of the
friction circle method and devised a chart of stability numbers from
the results. This chart facilitates tﬁe solﬁtion of safety factors for
slopes of a standard cross—éectional shape, such as the one shown in
Figure 2. Bank height, slope angle and assumed soil strength parameters

are required in using this method.

Methods of slices. The soil within the fai{lure zone is divided

into elements consisting of vertical slices. An attempt to solve the
equilibrium of forces yields one staticél indeterminacy per slice.
There are four unknown forces acting on each element, while only: three
equations of static equilibrium are ayailable for their solution.

The Fellenius solution (12) assumes that the lateral forces
acting on each slice are equal and opposite, even though this would
only be valid for an infinite bank of constant slope angle. The
problem then becomes statically determinate and the solution for the
soil mass as a whole can be obtained by considering moment equilibrium
about the center of the slip surface.

Bishdp's method of slices (3) is more rigorous than the above.
{t utilizes the concept that the sum of vertical components of lateral

forces for all the slices is equal to zero. A trial and error procedure
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is necessary for evaluation of the safety faétor. A simplified version
of Bishop's method assumés that the sum of the lateral forces acting on
each individual slice is equal to zero. Little and Price (7) have devel-
oped a computer program whicﬁ solves for thé safety factor by means of

trial and error convergence using Bishop's simplified method.

Shear strength parametérs. All the methods discussed so far

can be used for effective stress analysis or total stress analysis. In

the case of effective stress analysis it is necessary to either assume a
pore pressure-distribution or actually determine this distribhution by

means of field instrumentation. When total stresses are used, knowledge of
pore pressure distribution is not required.

i
The peak shear strength parameters %

and Q; are normally used
in the effective stress approach, for normally consolidated clays in which
no previous failure has taken place. These parameters can be evaluated
by means of tests, such as triaxial compression or direct shear, on soil
samples. They are derived from the maximum sheafing resistance of the
soil.

tn the total stress analysis of clay slopes, frictional strength
is assumed to be zero and cohesion is considered to be the only strength
component resisting slope movement. That is, the undrained strength is used.
This approach is justified when the slope being analyzed is composed of
relatively impermeable clay and the short term stability is being sought.

In such a case the undrained cohesion, c,» can be used. This parameter can

be evaluated in the laboratory by means of rapid shear tests such as direct
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shear, unconfined compression, or undrained triéxial tests.

Baracos (1) and Sutherland (15) recommended the use of a re-
duced value of undrained strength for evaluation of long term stability
by means of total stress analysis. The value of cohesion they rec-
ommended was 500 pounds per square foot, based on several bank sections

that were analyzed.
1T LIMITATIONS OF PREVIOUS APPROACHES

The various classical methods of analysis that have been des-
cribed are used successfully in many areas of the world. Results ob-
.tained from the analysis of river banks in the Metropolitan Winnipeg
area, however, have éometimes been misleading. River bank failures
have occurred in areas where analyses of slope stability indicated that
these banks were stable.

The method of total stress analysis using a reduced undrained
stréngth valﬁe, as described previously, has not overestimated the safety
factors for the river banks as consistently or to the same degree as the
conventional methods of ana]yses.using peék shear strengths (1). Because
it does not take pore pressures.into account, there will always be some
uncertainty involved in the results of this analysis. Baracos (I) sug-
gested that implied or computed safety factors of even 1.5 could be con-

sidered unsafe.

Configuration of the slip line. Baracos (1) noted that the slip

line is usually an approximately circular arc somewhat flattened at its
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base, where it becomes tangent to the till or bedrock. This shape can
vary considerably, as evidenced by the points of known slip determined
for the St. Vital site in this study,.shown in Figure 7. The circular
arc assumption is not always appropriéte.>

Methods have been devised (5, 6, 13) whereby the classical ap-
proaches to stability analysis can be used with an assumed slip line
having the shape of a logarithmic spiral. An attempt to fit such a curve
to the St. Vital case was unsuccessful.

Morgenstern and Price (9) developed a stability analysis by which
irregular shapes of slip lines could be incorporated. [n this method the
equations of static equilibrium are satisfied, various pore pressure
distributions can be utilized, and any shape of slip line can be assumed.
[t is essentially a method of slices in which the vertical interslice
forces are considered to vary as an arbitrarily assumed function of the
horizontal interslice forces. This method has the drawback of being com-
plicated and difficult to use. For the sake of expediency of calcula-
tion, the decision was made to exclude this method from the gtudy and to
utilize a simpler method which also takes into account measured pore
pressures and uses a simple geometry ‘to approximate ‘the failure surface.
This was done since a large number of slope stability analyses had to be
made, as can be seen in Appendix A.

Tension cracks filled with water can havé an important effect on
the results of stability analyses (14). This is not always taken into

account in the classical methods, but it is included in the method used
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in this study.

Pore pressure distribution. Pore water forces are a key factor

in effective stress énalyses. Accurate knowledge of these is required

if results are to be realistic. There is a necessity for an extenﬁive
study of pore pressure distributions in the river banks of the Metropolitan
Winnipeg area. Without accuratelpore pressure data, slope stability cal-

culations will continue to be unrejiable.

Shear strength parameters. Total stress analysis using a re-
duced cohesion is not reliable because it is too empirical an approach.
[t could yield excessiveiy high safety factors in some cases, or be
excessively conservative in others because of the uncertainty involved
in choosing é reduced cohesion value.

Effective stress analysis, using appropriate shear strength par-
ameters would be more realistfc. Skempton (11} found, from his studies
of London clay, that the shear strength parameters decrease from the
peak strength values after initial failure. The results of large strain
direct shear tests indicated that eventually the cohesion approached a
small value close to zero and the friction angle approached a constant
Jower value,.which can be defined as the residual friction angle. He
suggested that subsequent movements of clay banks after initial failure
are controlled by residual strength parameters, father than by peak
values. This appears to be verified for banks in the Winnipeg area.

The use of peak strength parameters has yielded unreasonably high safety
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factors for the assumed pore pressure distributions (15); suggesting
that these parameters are too high!

Baracos (1) suggested that the Winnipeg river banks were orig-
inally extremely steep when the river channels were formed. Subse-
quent failures occurred, leaving old slip lines. Soil étrengths along
such slip lines are low. These §Iip lines are difficult to detect from
test borings because the sofl above and below thebslip line was left
intact. 01d failures Have.been maskéd by surface weathering and veg-
etation. |

In his letter to W. D. Hurst, City Engineer of Winnipeg,
Caségrande (4) stated that all major recent failures occurred during
subsidence of river levels aftér severe floods. The clay was left per-
manently weakened. |

Consideration of the above points leads to the conclusion that
effective stress analyses should generally make use of residual, rather
than peak, shear strength parameters in areas where failures have oc-
curred in the past. It is likely that many areas along these banks have
old slip lines, as yet undetected, along which the stfength has been re-

duced.
[V METHOD OF ANALYSIS EMPLOYED

ln the method employed, an attempt was made to approximate closely
the shape of the existing slip lines, as interpolated from the slope in-

dicators. Pore pressure distributions used were interpolated from pore
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pressure readings, as determined in the field. The stability of the sites
studied was assumed to be controlled by residual shear strength paramet-

ers.

)

Configuration of the slip line. A probable curved slip line
for each site was esfimated by interpolation between points of known
stip such as slope indicator locations and visible surface cracks. A
reasonably close fit for each slip line was found to be a series of three
straight lines, as illustrated in Figure 2. A tension crack was in-
cluded for one of the sites, since this crack was observed in the field.
The failure zone was divided into a system of three sliding blocks with
vertica]vinterfaces to facilitate the analysis. The geometry of the
sliding blocks was taken to fit the assumed slip pattern, based on the

slope indicator data and observed surface movement.

Pore pressure distribution. Field instrumentation to determine

pore water forces was established at each site. The locations of piezo-
meters at the St. Vital and Tache Avenue sites are shown in Figures 3
and 4, respectively. Readings of pore pressure were taken, often at
weekly intervals, during 1969 and 1970. The intention was to analyze
the stability of each site as it varied with time using pore water forces
determined by interpretation of field data.

A graphical determination of pore water forces acting on the
failure surface was obtained by drawing equipotential lines to fit the

observed piezometer readings. Examples of equipotential lines are shown




in Figures 5.1 to 5.4 and 6.1 to6.4 . pore pressure heads were
determined at points where thé equipotential lines crossed the lower
boundary of each sliding block, by subtracting elevation head from
total head. The po}e pressure heads at eaéh of these points was rep-
resented graphically by a vector of suitable length acting normal to
the surface. A smooth curve was drawn joining these vectors, thereby
estimating the distribution of pore preséure heads acting on the lower
surface of each s]iding block. Resulfant pore water forces were then
determined by estimating the areés bounded by these pore pressure dis-

tributions.

Shear strength parameters. Considering that the banks selected
for study already showed signs of instability, it was considered ap-
propriate to approach the problem initiélly on the basis of using resid-
ual shear strength parameters (11}, The following considerations also
tended to jusiify this approach. The presence of old slide planes prop-
osed by Baracos (1) and Casagrande (4), certainly must have reduced the
strength to something below the peak value. Terzaghi and Peck (17)
proposed that strength loss could even occur in banks that had not prev-
fously failed. Progressive failure could be caused by stress concen-
trations at discontinuities, such as tension cracks, thereby weakening
the soil. The use of peak shear strength parameters appeared to be pre-
cluded. |

The values of cé, as obtained from laboratory tests, were relat-

i
tvely small. As shown in Table 1, Cp Was found to vary between 0.0 pounds
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per square inch, and 1.5 pounds per square inch, with an average of
0.7 pounds per square inch. The conservative assumption was made that

the cohesive force was zero.




CHAPTER LI 1
FLELD AND LABORATORY PROCEDURES
[ FLELD INSTRUMENTAT[ON

The location of some river bank slide areas in Metropolitan
Winnipeg, after Baracos (1), are shown in Figure 1. Locations of both
sites studied by the writer are indicated on this figure.

The St. Vital site was studied because partial piezometer data
dating back to 1962 were avat]ab]e for this site. These data are given
in Table XI. Van Cauenberghe (18), had studied this bank previously,
and- two slope indicators and .ten pfezo%eters had been installed in con-
junction with the stﬁdy. Subsequént]y, fhree additional piezometers
were installed and the taking of readings at all the piezometers was
continued.

The Tache Avenue site was chosen because it was a failure of a
bank much steeper than the St. Vital bank. The Tache Avenue site had
an over-all slope angle of about twelve degrees, while the St. Vitai
site had an over-all slope angle of about six degrees. Thus it was
felt that a comparison of the soil and water conditions at each site
might yield some relevant information regarding slope stability of

river banks in the Metropolitan Winnipeg area.

Slope indicators. The slope indicators, obtained from the Slope

indicator Company of Seattle, have an outside casing diameter of 3.18
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inches. The casing has four equally spaced longitudinal grooves wh.ich
serve as guides for the slope indiéat[ng probe that is lowered down the
casing. The probe is approximately 1.5 feet long and 2 inches in diamet-
er. |t has two sets of wheels, spriﬁg ioaded, which run in opposite
longitudinal grooves of the casing.

An instrument consisting of a wheatstone bridge circuit is con-
nected to the probe by a cable. [nside the probe, forming part of the
circuit, is a pendulum which i§ electrically wired so that the wheatstone
bridge must be re-balanced each time the probe is at a different inclin-
ation. The balancing procedufe for tﬁe wheatstone bridge yields read-
ings which are proportionalito the slope of the probe, hénce these read-
ings also indicate the slope of the césing és'the probe is lowered to
various depths.

The changes in horizontal positioﬁ of the casing at various times
after installation are determined by numeriﬁally integrating the changes
in slope along the casings. Proper seating of the bottom of the casing
in an immovable layer is required to provide'a reference point of zero
movement. The calculation of horizontal movement at various depths
in the casing makes use of the assumption that the bottom of the cas-
ing does not move. |

The casings were installed .in holes bored vertically into the
banks at desired locations, to depths that would ensure proper seating
in the stable glacial till. The holes were back-filled around the

casings with bentonite grout to ensure a snug fit in the holes, so that
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subsequent casing movements would represent actual soil movements as

closely as possible,

Piezometers. Two types of piezometers were used, namely the
Casagrande stand-pipe and the pneumatic Thorpiezo piezometer.

The Casagrande stand-pipe piezometer consists of nylon tubing
installed to a desired depth. A porous tip at the bottom facilitates
the flow of ground water into or out of the tubing so that the water
level can indicate ground water pressure at the porous tip. [n reading
the piezomeéer, a two wire cable is lowered down the tubing. The cable
is connected to a galvanometer and a batfery at ground level. When the
bottom end of the cable makes contéct with‘the water surface in the
tubing, the galvanometer indicates electric current. The position of
this water level can then be recorded aCcordﬁng to the length of cable
lowered down the tubing.

The tip of the pneumatic Thorpiezo piezometer consists of a
well-point containing a closed diaphragm and valve system. A cable con-
taining three strands of nylon tubing leads from the tip to the ground
surface. A special instrument is connected to two of the strands of
tubing at ground level. Air is forced down one of the lines to the tip.
One pressure gauge indicates the air pressure being fed into the tip,
while a second gauge registers air pressure coming back up through the
second line.

When the air pressure at the diaphragm in the tip is equal to

the ground water pressure, a valve in the tip closes. At this stage the
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air pressure indicated in the outflow line is equal to the ground water
pressure and can be recorded as such.

The use of Thorpnezo plezometers has severa] advantages over
the use of stand-pipes. Because a Thorplezo is a c]osed system, very
little flow of water is required to register pore pressure changes and
thus the piezometer responds quickfy.to pore pressure'changes,'even in
relatively impermeable clay. Thorpiezos do not freeze in the winter,
since water in the system is confiﬁed fo the well-point tip. Llnun-
dation of a site by high water levels does not prevent read|ng of
the piezometers, since the tublng from all the piezometers can be led

back to a central location at the top of the bank.

The St. Vital site. A cross-section of the bank showing loc-

ations of slope indicators and piezometers is presented in Figure 3.

The logs of two test holes are also shown. The slope indicators were
seated in hard till to érovide reference points of zéro movement at the
bottom of each casing. Piezometers were placed at locations which would
facilitate the determination of equipotential lines throughout the bank.,
Stand-pipe and pneumatic piezometers were both used. The bank at

St. Vital is shown in Photograph 1. The piezometer data are shown in

Table Xl. Slope indicator data are presented in Tables XV, XVl and XVilI.

The Tache Avenue site. The cross-section showing piezometer

and slope indicator locations is presented in Figure 4. The logs of two

test holes are also shown in this figure. The tips of slope indicators
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No. T and No. 2 were seated in firm til] and hard till, respectively.
As evidenced by.subsequent slopé indicator readings, seating for both
was adequate. Because of the advantages previously cited, pneumatic
piezometers were used exclusively af fhis site. The piezometers were
located so that the configurationvof the equipotential lines could be
estimated within the failure zone and especially in the vicinity of the
slip line. Photograph 2 shows the bank at Tache Avenue. Piezometer
data are presented in Table X[I and siope indicator data are presented

in Tables XVII1 and XIX.
LU DIRECT SHEAR TESTS

Typical samples of undisturbed clay from the banks were tested
using shear boxes similar to those used by Skempton (9). The test set
up is shown in Photograph 3.

n most cases each "'undisturbed" thinwall tube sample selected
for testing was divided into three test specimens which were tested
separately. Each of the three specimens was consolidatedvat a different
normal stress, ranging from 10 to 30 p.s.i., prior to testing in direct
shear. The rate of shear was kept constant at approximately .005 inches
per hour. This slow strain rate was used so that pore pressure build-up
during testing would be negligible and effective stress conditions would
be preserved. The shearing force induced by the movement was usually
recorded at one hour intervals. After the shearing displacement had

reached 0.1 inches, a reversed strain was applied to return the sample
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to its original configuration. Forward shear was then repeated for
a displacement of 0.] inches. Samp]es were subJected to ten such cycles
of shear, to give a cumulative shearxng movement of 1.0 inches.

rregular shear planes were often found to have developed, caus-
ing excessive variation in shear force with dlsplacement. That is, the
sheating resistance of specimens after.large strains had taken place
fluctuated insteed of approaching a constant residual value. The
fluctuation was suspected to be due to the rough surface of failure,
varying about 1/8 inch in re]tef between peaks and hollows. Such a
rough shear plane is shown in Photograph L. The irregular variation in
shearing resistance with displacement after large total strains had
taken place caused difficulty fn estimating residual shearing resistance.
This problem was substantially reduced in subsequent tests by cutting
smooth shear planes with a wire saw after peak strength had been passed.
Shearing was then continued along the pre-cut plane to determine resid-
ual shearing strength. Pre-cutting of failure planes seemed to reduce
the variation in test results. That is, the range in ¢ for pre-cut
samples is 8.3°to 9. 5 » while for samples with irregular shear planes
the range is 8.0° to 13.0°. A similar dlfference in ranges is observed

\ :
for Cp The over-all range in @R was found to be 8.0° to 13.0° and

\ ,
that for Cp Was 0.0 p.s.i.* to 1.5 p.s.i. These results are shown in

Table |.

* Abbreviations used in the - text are defined in the List of
Abbrevxatlons




SAMPLE DESCRIPTION

TABLE

DIRECT SHEAR TEST RESULTS

DEPTH CHAINAGE SAMPLE PEAK

SITE EAK ~ RESIDUAL - COMMENTS
(FT.) | (FT.) NO.| B I, | B | R
DEGS.} PSI|DEGS | PSI
HIGHLY PLASTIC MOTTLED| ST. VITAL{11.0 | 1430 SH-1 9.0 | 0.8 Sample pre-cut
BROWN AND GREY CLAY for failure
& sheared during
. consolidation
ST. VITAL{11.0 1+47 SH-203118.511.5]13.0| 0.5 Ilrregular shear
planes observed
TACHE AVE.|16.0 | 0+68 T-3 |18.211.8] 8.3]| 0.6 Samples cut for
final failure
TACHE AVE.[21.0 | 0+68 T-4 {22.0 | 0.4} 9.5] 0.0 ] Samples cut for
final failure
HIGHLY PLASTIC GREY ST. VITAL[20.0 | 1+30 | SH-207]16.5|2.5[11.5| 1.5} Irregular shear -
CLAY WITH SLLT LUMPS ' planes observed
| ST. VITAL{21.0 | 1+47 | SH-205[13.5]1.5] 8.0} 0.5 Irregular shear
planes observed
ST. VITAL{21.0 | 1+47 | SH-205[16.8 2.0} 9.0 0.8 | Samples cut for
final failure
SILTY GLACIAL TILL ST. VITAL 31.0 1+47 SH-218]33.0]0.0{31.5]0.0
RESIDUAL AVERAGES Be C.
DESCRIPT!ION ' DEGS. PS?
All clay samples 9.6 0.7
Mottled brown and grey clay 9.9 10.5
Grey clay 9.510.9
Pre-cut samples 9.0 (0.5
Samples with irregular shear planes 10.8 {0.8

X4



CHAPTER (V

DEVELOPMENT AND USE OF A SIMPLE
SLOPE STABILITY ANALYSIS

To permit ready analysis of the large amount of data obtained,
simplifying assumptions were made and s convenient slope stability ana-
]ysis.technique was developed. The analysis was computerized to facili-
tate the solution for the shearing resistance required for statical
equilibrium at each'site. Values of shéaring resistance. required for
staticql equilibrium, as obtained for each day that piezometer readings

were taken, were correlated with obéerved slope movements.
' DEVELOPMENT OF THE SIMPLIFLED ANALYSILS

Points of known shear movement were determined for both river
banks as follows. Slope indicators provided two points of known slip at
each site. Figures 7 and 8 illustrate the horizontal displacements of
the slope indicator casfngs, due to slope movements. The point where
the slip line intersected with each casing was interpreted from these
displacements. An additional slip pointvwas determined for each site
by observations of surface cracking, at the tops of the banks, due to
slope movements. Theblocation of the St. Vital slip line, where it
emerges at the toe, was estimated to coincide with the discontinuity
in the river bank profile at statjon 2+60, as shown in Figure 7.

The control points which have been described were used for the
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graphical interpolation and extrapolation of the curved\slip lines.
These slip lines, t1lustrated in Figﬁres 7 and 8, are somewhat flattened
where they become tangent to the till] ]ayér and where there is a large
component of horizontal movement. Tﬁéf are similar in.shape to those
described by Baracos (l); For the pufpose of analysis, the simplest
configuration of the failure surfaceiQas found'to consist of fhrée
sraight lines, which fitted the curvéd s]fp lines. The inferpo]ation
and fitting, as described above, afe shéwn in Figures 7 and 8. Two
trial slip lines, shown in Figure 8; were.uséd for the Tache Avenue site
since the overtrust point at the toe.coula not be discovered in the

river bank profile.

Assumptions. The soil mass undergoing mdvement was assumed to
consist of a simplified system of threé‘s]iding blocks. Such a system
is statically indeterminate. Statical determinacy was achieved through
the following assumptions. The vertical component of base reaction for
each block was aésumed to be in vertical equilibrium with the weight of
the block and the boundary forces. The second assumption was that the
effective frictional reactions at the bases of all three blocks acted
at the same obliquity (@é) to these surfaces.

The first assumption in the preceding paragraph is equivalent
to stating that vertical forces are not transmitted through the vertical
interfaces between blocks. The presence of such forces would change the
distribution of the total weight of the blocks transmitted to the bases

of the individual blocks. The total weight of the blocks is a constant
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defined by the geometry of the block system. The validity of the first
assumption was checked by means of thé simplified analysis which was
deveIOpéd. This will be further'discussed subsequent to the derivation.

The second assumption, namély thét‘@é was the same at the base
of each block, was made because the same residual shear strength param-
eters were to be used for each block. These parameters also fall with-
in a fairly narrow range, as given in Table [.

Residual cohesion was initié]ly assumed to be zero, for the
reasons previously described in Chapfer l[; Section [l. This helped
to simplify the derivation.

Classical methods of stability analysis which make use of
straight slip lines are the Rankine, Coulomb and Culmann methods. The
method of sliding blocks that was used in this study may be considered
to be a modification of the Coulomb sliding wedge analysis in that a
single sliding plane is nét utilized necessitating additional assumptions

regarding the distribution of forces at the base.

Derivation. A general example of a bank, showing the assumed
slip lines and defining the force vectors used in the derivation, is
presented in Figure Z. The block weights, and hydrostatic and pore
water forces were assumed to be known. Al] symbols used in the derivat-
ton are defined in Figure 2

The required friction angle for static force equilibrium was
solved for as follows:

Because of the assumption that the vertical components of
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reaction at the base of each block are simply related to block weights,
these forces become statically determinate. Hence the following three
equations arise out of consideration of vertical force equilibrium for

each block:

FY1= w]-UB]cosa], 1.
Fya= WpmUppcosays 2.
FY3= W3-UB3cosa3t UTcosﬁ. 3.

The three-block system may be considered to be a single free-
body for consideration of horizontal fofce equilibrium. According]y?
consideration of horizontal force equilibrium for the system as one
unit yields the following equation, which interrelates the unknown
horizontal components of frictional base reaction in terms of known

quantities:

R, ,+U .+U_.sina 0. 4.

L1V ] -F

sino,+U, . sina.-U_sinB~F

*Ugysina, +Ugosina,-Us X1

x2 Fx3=

1
Since the purpose of this derivation is to solve for QD’ equa-

p can be related to the unknown horizontal

tions are required by which ¢
and vertical components of frictional resistance. Consideration of
the geometry of the problem, as shown in Figure 2, yields the follow-

ing three equations:

]

FX1= FY]Fan(®D-u]), 5.
1

Fyo= Fthan(¢D*a2)? 6.
’ i

Fyg= Fystan(epas). 7.
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Equations 1, 2 and 3 may be substituted into equations 5, 6 and

7 in order to eliminate the unknown F,, forces. This is done to obtain

X

equations 5a, 6a and 7a:

Fyp= (W] UB]cosa )tan(@ ]), 5a.
FX2= (WZ UBzcosaz)tan(®D-a2) 6a.
FX3= (W3 U33cosd3+UTcosB)tan(¢ -0, 7a.

These three equations may be substituted into equation 4 in or-

der to eliminate the FX terms, as follows:

. - . - . B
RL]+UL]+UB]Slna]+UBZSInG2+UB3slnu3 UT5|n.

) 1
-(W]-UB]cosal)tan(QD-a])

_;(w —U cosdé)tan(@l-u )
(W3 U83cos<§+U cosB)tan( . 3) 0. ' La,

Equation 4a may be simplified by colTecting terms involving

known values. Hence the following expressions. are defined:

A= RL]+UL]+UB151n<H+UBZSInf&+UBBS|n<§-UTSIn3,

B= w]~UB]cosa],
C= WZ—UBzcosuz,
D= W,-U,._ cosa_+U_cosB.

3 B3 37

Substitution of these expressions into Equation 4a yields:

t 1 1 l
A~Btan(®D-a])—Ctan(@D-az)—Dtan(QD-u3)= 0.. hp,
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t
Equation 4b may be further modified to separate @D from the o's

by means of the trigonometric identity

] ]
tan(@D-a)=.tan®thanu

I
1+tan®Dtand.

This is done to obtain the following equation:

] |
- - C{tand -
A B(tan@D tana]) C{tan pmtand,

{ 1 . [)
o}
(1+tan gytan oz]) (1+tan <1’Dtan OLZ) (1+tan stan 053

) -Dtan®-tan%) = 0. ke,

)

By suitable manipulation, equation 4c can be transformed into

a cubic equation of the form
3 1 2 1 t
tan ¢D+Ptan ¢D+Qtan®D+R= 0, Id.

where P, Q and R are functions of the base angles, block weights, pore
I .

water forces and hydrostatic forces. Once tan QD is solved from

equation h4d, the safety factor, in terms of the required friction

angle for static equilibrium, can be solved for as follows:

. ]
Safety Factor = tan(¢k) Le.

b

—_
tan( <I>D)

I
where @

R is the residual strength angle available.

To check the validity of the assumption that the vertical com-
ponent of base reaction on each block is in equilibrium with the block

weight and the boundary neutral forces, the simplified analysis was per-
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formed using various distributions of the total weights of the blocks.

A vertical shear force was assumed to act at each interface, thereby
redistributing the weights of fhé b]ocks;l‘A;vertical force equal in
magnitude to ten percent of the.wejéht ofvthe top block was assumed

to act at the vertical interface between the top block and the center
block. Similarly, a vertical force.equal in magnitude to ten percent

of the bottom block weight was assumed to act at the interface Between
the center and bottom blocks. This led to four possible combinations

of block weights, since the shear forces could be assumed to act in
either the'upward, or the downward direction. The adjusted block
weights were used in the computer program which was developed to solve
the equations that have been derived. The values of ¢é so determined
deviate from those found without redistribﬁting the block weights.

The maximum deviations in these trial cé]culations, as shown in Table XX,
were found to be 1.9° for the Tache Aveﬁue site and 1.4° for the St. Vital

site. These deviations were felt . to:be:acceptable. .

The use of the computer program. A computer program which was
developed to solve equations 4d and Le is given in Table [i. The pro-
gram was written in such a way that_arbitrary values of assumed devel-
oped cohesion could be included in the analysis, even though cohesion
was generally assumed to be zero. Provision was also made for analysis
of the three-block system by the total stress method, (n which the soil
is assumed to be frictionless. The above modffications were made for

the purpose of comparing the results of these analyses.
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The weights and Qater forces were determined from the field data.
Determination of weights was by graphicaf]y measuring the volumes of the
blocks shown in Figures 7 and 8 and ﬁultip]ying by the value of unit
weight. Pore water forces were determined by graphical construction
using interpolated equipotential lines, as described in Chapter I,
Section V. Examples of equipotent%a] lines obtained from piezometer
readings are presented in Figures 5.1 to 5.4 for the St. Vital site
and Figures 6.1 to 6.4 for the Tache Avenue site.

River elevations at the Redgeod Bridge, as recorded by the
Federal Department of Energy, Mines and Resources, were. obtained from
the Province of Manitoba Water Contro] and Conservation Branch. The
river elevations at the Tache Avenue and St. Vital sites were found to
be higher than those at the Redwood Bridge by 1.0 feet and 2.3 feet,
respectively. . This'was determined by level surveys. River levels at
each site for any date desired were accordingly determined by adjustment
of the levels at the Redwood Bridge. The hydrostatlc force on the toe
at each site was evaluated, based on the adJusted river levels.

The" above data‘were entered into the computer program.using the

input data cards shown in Tables (e, [V and v,
Ll RESULTS OF THE SLOPE STABILITY ANALYSIS

1 -
Values of ¢, were determined from the analysis. A plot of 2,

and Red River elevation against time is presented in Figure 3 . This

1
plot indicates that , in general, @D decreases when the river level incr-
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eases. This is to be expected, since the hydrostatic force acting on

the toe of the slope tends to restraln slope movement. Other fluctuations
in @D are due to the varlatlons in pore pressures in the bank, which

are influenced somewhat by river levels, but may be primarily influenced
near the top of the bank by ground water seepage due to precipitation.
Increases in pore pressures tend to promote movement.

Total slope movement, as determlned from slope indicator read-
ings, and values of @D were plotted agalnst time in Figure 10. A useful
relationship between total s lope movement and @D was observed in this
figure. [t appeared that for each slte there was a critical value of .

friction angle, ¢ po in that the- bank dld not move when ®_ . was below

I
D
this value, and moved when ®A was exceeded The value ®A was found to
be 8.1° for the St. Vital site. Two values of @A were determined for the
Tache Avenue site, namely 10.8° and 12.7° for trial slip lines assumlng
base angles at the toe block of =9.7° and -13.5°, respectively. Calcu-
lations using the computer program Were then made for safety factor,
for each set of piezometer. readings, using the value of @A as the value
of @é. This gave a safety factor of unity when failure was impending.
It will be noted that the values of ¢A so used fall within the range
of ¢é values given in Table {. The computer outputs showing ®D values
and safety factors thus obtalned are presented in Tables V! and VII.

A trial calculation was made which included a residual cohesion

of 0.6 p.s.i. in the analysis. of the: Tache Avenue site. ThIS ‘resulted in

values of @D, shown.in ‘Table V[ll whlch were lower than the computed
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residual strength angles during périods of movement.

A total stress ana]ysfg,'using a reduced cohesion of 500 pounds
per square foot, was also made by means of the computer program. Safety
factors which indicated stable conditiéns at all fimes were calculated,
as presented in Table IX. The lowest safety factors obtéined were 1.97
for the St. Vital site and 2.08 for the Tache Avenue site. To give a
safety factor of unity during perio&s of impending slope movement,
values of reduced cohesion of 190 p.s.f. for the Tache Avenue site
and 248 p.s.f. for the St. Vital site would have been required.

Total stress analyses by means of Taylor's stability charts . -
(16) using a reduced cohesion of 500 p;s.f. were also made. This
analysis is one of the methods commonly used in the Winnipeg area,

It is the method: recommended by SGutherland (15), which has been

described in Chapter |1, Section If. Six trials were performed for each
site. In these trials, simple slope conffgurations were used to approx-
imate actual bank configurations, as shown in the diagram at the head of
Table X. The trial éélculations Qﬁ%ch yie]déd the minimum safety factor
for each site are presénted in this table. Resulting safety factors were:
1.68 for the St. Vital site and 1.37 for the Tache Avenue site. The anal-
ysis would not have predicted failure unless values of reduced cohesion

of 297 p.s.f. for the St. Vital site and 365 p.s.f. for the Tache Avenue

site had been used.




CHAPTER V
DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY
| DISCUSS!ION

There are several aspects of the study meriting discussion
such as considerations of the locations of the sites and the results

obtained through instrumentation and analyses.

Locations The Tache Avenue and St. Vital sites can be seen
in Figure | to be locations on the concave sides of river bank curves.
Many othef unstable river banks have this feature in common. Consider-
ing that the soilé forming the banks_have been shown to be similar for
a good part of the Winnipeg area_(l), it would indicate that an investiga-
‘tion of these other sites might lead to similar findings. The results
of the present investigation could therefore be applied in a preliminary
consideration to other sites.

Profiles of both river banks, showing the logs of bore holes
in addition to the locations of slope indicators and piezometers, are
presented in Figures 3 and 4. The lack of information of soil conditions
at the toe of the banks is obvious in these figures. To obtain informa-
tion in thege lower regions would entail considerable cost because of the
difficulty of operating soil sampling equipment in these relatively
inaccessible areas. Additional information in this regard would certainly
lead to a refinement in the analysis, particularly if the soils at the

toe are fluvial, rather than glaciolacustrine, in origin.
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Figure 3 illustrates the extremely gentle slopes (6o from the

horizontal) that an unstable river bank can have in the Winnipeg area.

Pore Pressures The previously unavailable information on

piezometric levels in the river banks in the Winnipeg area is summarized
in Figures 5,1 to 5.4 and 6.:1. to 6.4°. Many sets of data had been
examined to select these illustrative examples.

The information can be presented in a number of forms. Contours
of piezometric pressure could have been plotted. Instead, contours of
piezometric level, which combine piézometric head and elevation head,
were drawn. The contours are based on limited information and involved
extrapolation as well as interpolation, thus each represents one possible
distribution.

Since the velocity of flow of water through soils is extremely
small and leads to negligible velocity head, the contours of piezometric
level can be considered to be in terms of total head where total head is
the sum of bressure, velocity and elevation heads. |f the simplifying
assumption is made that the soils in the banks have homogeneous and
isotropic permeabilities, the direction of seepage is theoretically
perpendicular to contours of total head and in the direction of de-
creasing head.

This leads to some rather interesting observations. For
exaﬁp]e, Figure 5.1 indicates that the slip line feeds water into the
bank. In this figure it will be notéd that the equipotential lines of
55 (755 ft), 50 (750 ft) and 45 (745 ft) form a nest of approximate

parabolas about the slip line. This is shown to a lesser extent in
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Figures 5.2 , 5,3 and 5.4 . The conclusion is that the total head in

this part of the slip line is being raised by the entry of water through
the crack at the surface of the bank. Part of this water could be
surface runoff. As was observed on this site, there is a pipe, leading
from the Windsor Theatre (shown in Figurell), which interﬁittently dis-
charges water into the crack at the top of the bank.

A similar nest of parabolic contours, shown between stations
1400 and 1+15 at about elevation 710 in Figures 5.1 and 5.4 , may
indicate the presence of an old slip plane.

In general, the direction of seepage in the St. Vital bank was
downward, except where it is believed to have been affected by the
presence of the slip line., This was true for the entire year, as shown
by the data for the four dates shown.

The total head iines for the Tache Avenue site, shown in Figures
6.1 tob6.4., also indicate generally downward flow into the bank.

Figure 6.1 shows that the piezometric levels in the slide zone in winter
are higher than winter river levels. This condition indicates that pore

pressures in the bank are not readi]y relieved when the‘river is lowered,
and that conditions favor instability during winter periods. The lower-

ing of these piezometric levels to coincide with winter river level

would have a very marked effect on the stability of the banks.

The effect of the spring high river level in raising the pie-
zometric level within the bank is i]lustratgd in Figure 6;2 . The
inundation produces flow oflwater into the bank. The subsequent draw-

down of the river to its summer level (Figure 6.3 ) was noted to leave
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a zone of high pressure near the toe of.the_bank, as indicated by a
closed contour of total head equal to 45 (745 ft). This can be inter-
preted to indicate upward seepage near the toe under these conditions,
which would certainly contribute to local instability. This may be an
explanation for small slides sometimes observed at the toe.

It should also be noted that contours of equal head in the
vicinity of the toe required considerable extfapolation. lnundated
surfaces are theoretically equipotential lines. This theoretiéal con-
sideration was used to assist in drawing the contours in the lower
reaches of the bank for each site. The installation of piezometers at
the toe would have contributed greatly to the accurate determination of
these contours. The high cost of equipment that could operate at the

toe of the bank prevented the installation of such piezometers.

Slope Indicators and Slip Planes Figures llandl2, in conjunc-

tion with Figures 7 and 8, show the locations of the slope indicators at
the two sites. It is obvious that two slope indicators provide only
limifed information on the ]ocafion of.the slip line at a site. Additional
slope indicators, particularly at the toe of the baﬁks, would help to
alleviate the uncertainty of the location of slip lines. There is, of
course, a practical difficulty, in that slope indicators installed in
the river itself would be affected by inundation and could be damaged
by ice movements.

In this present study, the problem of uncertainty of the slip
line locations at the toe was considered by taking, in the case of the

Tache Avenue site, two possible positions of the slip line where it
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emerges at the foe. The significance of this is discussed in the section .
on ''Correlation''.

Figures 7 and 8 show that the slope indicators clearly
establish the depths at which large components of lateral movement have
taken place. They also illustrate that considerable interpolation and
extrapolation was necessary to estimate the configuration of the slip

lines.

Shear Strength Parameters |t will be noted, in Table |, that

the residual shear strength parameters fell within a relatively narrow
range. Values for ¢é for clay ranged between 8.0° and ]3.00, and for
: Cé, between 0.0 p.s.i. and 1.5 p.s.i. Much greater variation was ob-
served for the peak shear strength parameters. For example ¢} ranged

p
between 13.5° and 22.0°, and C! between 0.4 p.s.i. and 2.5 p.s.i. A

p

large variation in peak strength is to be expected. Skempton (fl)

has shown that peak strength characteristics of clays depend on the

consolidation history, while residual strengths do not depend on this.
The low values of Cé shown in Table | do lead to a considerable

simplification of the analysis, in that Cé éan be taken as equal to zero.
Figurel3 illustrates the difficulty in determining the re-

-sidual parameters in the laboratory. To obtain shear stresses that

were independent of the strain, the sample had to be strained a cumula-

tive total of 1.0 inches, taken in 0.1 inch cycles. Even with this.

many cycles, it had been found necessary to use a cutting procedure

along the shear plane to obtain this independence of residual shear

strength with respect to strains. The rates of shear have to be slow
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enough so that excess pore pressures do not develop during shear. From
a practical point of view, this means that for a single direct shear
test at one normal pressure, anut three weeks are required. This is
an inconvenient requirement if several tests are necessary for any in-

vestigation.

Analysis The geometry of the simplified three-block system
used for the analysis is shown in Figure 2. One of the problems in
such an analysis is not knowing how much vertical force is transmitted
through the vertical inferfaces between blocks. The method of analysis
derived in this sfudy does permit consideration of how these interface
vertical forces can influence the results. Such forces would redistribute
the total weight of the three-block system so that different proportions
of the weight would be carried by the individual blocks. (Such_a re-
distribution was made, as shown in Chapter IV). It is obvious that such
a redistribution of the weights does affect, to some extent, the value
of QB obtained in this analysis. For examplg, the various combinations
of redistributing ten percent of the weights of the top and bottom blocks
shown in Table XX were used in the computer program. The resulting
values of ®6 deviated from those obtained using the original block
weights. These deviations, as shown in Table XX, were a maximum of 1.4°
for the St. Vital site and 1.90 for the Tache Avenue site. The maximum-
percentage deviation, based on tan ¢>V was 21% for each site. The

assumption of 10% redistribution of total weight may be quite severe.

Such a redistribution theoretically should be applied only to inter-
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granular stresses, which can have a vertical component on the block
interfaces. Pore pressures, being hydrostatic, would only have a normal
component.,

Table X summarizes the results of total stress analysis using
Taylor's Charts and the simplified s]ope configuration for both sites.
The significance is that for both banks the cohesion required is sub-
stantially less than the 500 p.s.f. which Sutherland (15) has recommended
for this type of analysis.' A required cohesion for impending movement

of 297 p.s.f. was obtained for the St. Vital site and that for the Tache

Avenue site was 365 p.s.f.

Correlation The'instability during winter conditions is
reflected in Figure 10. Movement is shown to commence when the river
level is lowered in the fall, and continues for the entire winter at a
gradually decreasing rate. When the spring thaw begins in mid-March,
increasing movements are again observed. In conjunction with Figure 9 ,
showing river levels, it will be noted that this increased movement
preceeds by four or five weeks the rise of river level in the spring.
Simflar movements of lesser magnitude are also shown for the St. Vital
site.

Figures 9 and 10 show that during the summer months there
were periods in which the banks were in equilibrium. Very slight
movements may be attributed to precipitation, which is an aspect of
stability meriting further consideration.

The periods of equilibrium were correlated to the values of
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@6 to obtain a field evaluation of the residual angle of internal

friction. On the Tache Avenue site, critical values of @A of 10.8° and
12.7° were obtained, considering two possible configurations of the slip

line. For the St. Vital site a ®! value of‘8.lo was obtained. The values

A

of @A so obtained depend somewhat on the distribution of weights of the

blocks.
i1 CONCLUSIONS

The following conclusions result from the discussion of the
results.

1. Many of the unstable river banks in the Winnipeg area are
located on the concave sides of river bank curves.

2. Unstable river banks in the Winnipeg area can have slope angles
as low as 6° from the horizontal.

3. Seepage of surface water into cracks at the top éf a bank can
have the effect of raising the pdre pressures within a failure
zone, thereby promoting slope movements.

L, The seepage in the banks studied was generally in the downward
direction.

5. Pore pressures in the banks in winter are not readily relieved
as the river is lowered, thereby favoring instability.

6. Zones of high pore pressure sometimes remain near the toe of
a bank as spring drawdown occurs.

7. Considerable interpolation and extrapolation is necessary to

estimate the configuration of the slip lines when only two
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11.

12.

13.

14,

L2

slope indicators are used.
The residual strength parameters for Winnipeg clay appear to

fall within a relétive]y narrow range.

. Residual cohesion can be taken as zero.

The simplified analysis developed in this study allows a cor=-
relation of the'piezometer and river level data with observed
slope movements.

Critical values of frictional strength, as calculated for
periods of impending motion using the simplified analysis,
fall within the rénge of residual strength perameters determined
in the laboratory.

The two banks observed were in equilibrium during the summer
months.

Slope movements are largest immediately after the fall draw-
down takes place.

An appreciable increase in slope movement occurs when the

spring thaw begins in mid-March.
Itf RECOMMENDATIONS FOR FURTHER STUDY

Tables X| to XIX have been included to present all the data

obtained for the slope indicators and piezometers and river level ob-

servations. The slope indicator and piezometer readings are considered

valuable data for those who may wish to make any other or similar

analyses.

An attempt should be made to evaluate various remedial measures




43

on both sites, by means of the computer brogram, using.the data tabulated
in this thesis.

Remedial adjustments in the data could take the form of in-
creasing w3 when loading of the toe is being considered or decreasing w]
and W2 when trimming of the slope to a smaller angle is being considered.
The effect of reducing pore water forces throuéh drainage could be
simulated by reducing tHese values in the input accordingly. This ap-
proach would facilitate the evaluation of various remedial works regard-
ing costs. The most economically sound method or combination of methods
could then be selected and implemented. The effectiveness of these
remedial works could be checked by suitable instrumentation.

More direct shear tests should be performed on Winnipeg clays.
The values of the residual shear strength parameters could then be check-
ed to find out whether thé.range is as ]fmited as the present investiga-
tion seems to show. If the variation is not large then é reasonably
conservative value of ®§ could be chosen which could be used for all
clay river banks in the Metropo]ifan Winnipeg area.

The computer program presented in this thesis should be
modified to a higher degree of sophistication so that a trial and error
approach could be used for the analysis of intact slopes. By means of
iterative convergence, the most critical sliding block system could
then be determined, and the slope stability of intact slopes could be
analyzed.

Another area of study meriting further work is the correlation

of slope movements to precipitation. An explanation may be found for
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the variation in pore pressures during the summer months, and slope

movements resulting from them, in such a study.




PHOTOGRAPH 4
CLAY SPECIMEN WITH IRREGULAR SHEAR PLANE

PHOTOGRAPH 3
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LOCATION OF SLOPE INDICATORS
AT THE TACHE AVE. SITE
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EXAMPLE OF GRAPHICAL SOLUTION FOR 59

DIRECT SHEAR TEST RESULTS
SAMPLE TESTED:Highly Plastic Mottled Brown Clay at the 16 Foot
Depth,Slope Indicator Hole No.1, Taché Ave, Site

12
]O / ~ \,\ 28, —
. / / %?8@91.,\ Failure Plane Cut
g‘ 8 / Q‘“ / = 7\\ With Vz_ire Saw
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APPENDIX A. COMPUTER PROGRAM, INPUT DATA AND OUTPUT
FOR SLIDING BLOCK SLOPE STABILITY ANALYSIS.
STABLLITY CALCULATION BY TAYLOR'S STABILITY
NUMBER CHART.




S | TABLE

, MO ey e e COMPUTER PROGRAM AND FLOM CHART FOR .
4 “rgli= .
2 102 SINX)eCSIA(X) <o . SLTDING..BLOCK SLOPE STABILITY ANALYSIS
3 103 CCSIX)eCCOSIX) . o . :
4 104 ATAN(X)2LATAN(X) (' >
5 105 TANIX)=[TAN{X) e b e . i s e oa SfAA’T
6 114 PPINT1)E
7 115 FCRMAT(LHL, ¢ SLIDING BLCCK SLCPE STABILITY ANALYSIS )
8 111 RLAD 132 .
9 112 FCKMETUVSTTE DESCRIPTICN CR HEACIAG
) . :
10 113 FRINT 112 . o S \
1 5 REAC(S,€)nlohzoh3 .
12 ¢ FCRMAT(2F5.1) : GO ri
13 7 READIS,EIAFLo6F2,AP3BETASFIR © A NEW PAGE
14 8 FCRVET(SFS,1) AND FRINT THE HEADING
15 81 READIS,82)CR,S51452,53 ;
16 --82 FCRMAT(4FB.1) . e el Lot .
17 501 CC=.017453
i8 §02 IF(FIRIS03,9N2,3
15 SC3 PRINT 5C4 : v
20 S04 FLRMAT(® #,t CATE RFQUIRED UNCRAINZD "C*,K.S.F. SAFETY FACTCR ¢)
21 995 RIALIS,11)LDAY, MCyLYR,LEL UE27LE3UT,ULL,RLY READ AND PRINT
22 506 IFLILAYI22,114,5C07 -
23 SO7 CL=(UL;i+RL~UT=SIN(RETASCOI4UT#COSIEETASCO)STAN(AP2#CO] 4wl sTAN(AP] THE JOB DESCRIPTION
1ACCI+n2 X TANLAP2=CC I+ n3 8 TAN (APZSCE) H/(SI#LCOS(APISCCI+TANIAPL#CE ) 45
ZIN(APLYCT) 14329 (COSEP22CT 14 TANCAPZACG I aSIN(AP24CO] 14534 (CCS(APToC
2CIeTANGLPI3CCI#SINGAPI®CCI))
24 908 SFAC=CP/CU ) ]
25 905 WRITE((y9LGILBAY,MC,LYR,CU,SFAC | el e cade
26 910 FCWMAT(949313,2F20.4)
27 §11 6C TC SCS READ: W, , Wz ¢
28 3 ERINT & -
29 4 FCRVAT(Y 4,9 CATE REQUIRED PHI (DEGREES) SAFETY FACTOR +} ' 4“ 2,%3,8 ¢ ¢A’
30 95 C1X=CR#$:4CCS(APL#CC)
31 92 C1Y=CRES1SIN(APLECC) . A B';;f;/MED COHESION Cpe
32 92 (2X=CR#*S2=CLS(AP22CC) 2] EFNGTH,
33 S4 C2Y=CRAS255 I {AP24CG) . 55,5245
34 S5 (3X=Ca%$33CCS(API*CC) e e
35 9€ C2¥=CR*SI*SIN(AP3SCC) ) ) ’
36 97 Wl=hl-C1Y . :
37 98 W2=w2-C2Y e i e ema et e
38 9§ WI=w3-C3Y : .
35 § READ(S,J0)LEAY,MCyLYR,LBL,UB2,UB3,UT(ULLIRLY
40 991 PLi=PLi~C:X-C2X=C2X U Vo Yes
41 16 FCRMAT(212,€F€41) . T
42 11 IF(LCAYI32,114,1¢ -
43 V6 B=URI#SIN(APL#CCI+UP2ZSSIN(AP24CC) +UB3#SINIAPIHCO)
44 18 B=h3-UPIHCCS(4P23CC)+UTACOSIBETA®CO) .
45 16 C=hz-UBZ#CCSIAPZACT) ‘
46 20 C=hi-URL¥CCS(APLSCC) o e .
47 21 E=RLI4ULL-UT*SIN(BETA®CO)
48 27 L=TANUAPU#CO} ’ﬁ’M”,' HERDIN PRINT RERDING
4 - 23 V=TAN(AP2#CO) - -
50 24 WeTAN(RP3#CE) Fofé&"”’"”” /'M¢“ ANRLYIS
51 €2 USeARUSVRNASTURYACIURKICEY SmEAURVRYR
52 26 R=- AT (UBrbVhalsV I 4E8VoLLIVER )40 hsLUSVR] 4D% (VoH-URV2H] ~ES (V&
TheLPV4UHW) . i
53 261 S==ARIWAUSVI4ES [1o=VEH=US) ¢CH(~VEN-LEV4], )OD‘(I.—U’H-U*V)~°‘(V4h0
W U A\ REAP pars REAP PArE .
54 262 T==A-P4K~CHV=CHU=E .
55 263 P1=R/Q ¥ WATER fomces & WATER poRces
s¢ 264 Q1=5/¢ . e e,
57 265 R1=T/e
58 266 Al=(Z.Cl-(P1%92 )}/3.
5¢ 267 Bl=(: . (P123 1oG.eP1eCLe2T, *R11/27, e
60 2671 TESTr=(EL®221/4.4(A19¢3)/27.
61 2672 TF(TESTR)2€7,2673426€0
82- 2673 IFLBA)26T4,2674,2676 - . - .
63 2674 Y1=2.5{(~E1/2.39%({1./341) :
64 ZE75 GC TC 2677 ..
65 2676 Y1==2,5((B1/2.)%%(1./3.)) L .
66 2677 Y2=-Y1/2.
67 2618 Y3=y2 .
68 2675 GC TC 272 -
65 2EBC IF(-BL/2.+(TESTR}I*¥.5)1266),2681,2682
T0 2661 YI==({20/2.)-{TESTRIEX,5)%%(1e/30 )= ({B1/2.1+(TESTRI®*,5)mu(1,/3,) CalcoL4rs CRLCVLATS
7 2687 GC TC 2684
72 Z€32 Y1={{-B1/2.)4(TESTRI##,51%%(1o/20 14 ((~B1/24)~(TESTRI®#,5}%%(1,/3.) REQUIRED P REQUIRED Cy
73 2684 Y2=v1 ESAFery racron 4‘54;:5” Facre,
74 zees vi=y2
75 2€8c GO TO 272
76 367 CFI=(=B1/2.1/(((~A19431/27.1%%.5) :
TT 3671 IF(CFI)2672,3675,268 S e .
78 3672 AL=((L.—CFIS22)%8.5}/CABSICFI) ":_?’”"94"'- P {Pkwrlwv
79 3672 F1=(180.5CCI-ATAN(AL) . REETY FACTOS £
80 3674 GC'IC z€S . . e - . id £ 5a €7y pacroR
81 3675 Fl=504#CC
82 3676 GG TO 269
83 268 AL=( (1, ~CFI¥%Z)e#.5)/CFI e C
84 368 F1=ATAN(AL)
85 265 YI=((=31/2,)%%,S)6(CCSIFI/2.) 182, .
86 270 Y2=((-R1/3.0%8, 519 (CCS(F1/3,+120.%CC) ) %2, . .
BY © 271 Y2a(U-B1/32,)e%,5)80CCSCFI/2,024C.9CC) )2, .
88 272 FICY=ATAN(Y; =P} /3.1/C0 .
89 273 FIG2=ATENYI-P1/343/C0 - e Lo
9 274 FIC3:ATANIY3=F)/341/C0
91 2741 lF(0A8<(FXDx)-"APS(FIOPD|2742'2742.2743
92 2742 IF(UARS(FICII~CABS(EID3 11284 iBvy2B8 e \
93 . 2743 IF(TLPS(FIC2)-CABSLFIDZ1128¢0286,2742
84 204 EID=EIN] . ‘ STOFP ’
95 285 CC T0 285 . .
96 28¢ FICaFIC2
97 287 €C 1C 28% . . (C . q foll . )
T 268 FIC=FIC2 - win age
99 209 STACSTAN{FIR®(C)/TAN(FIDOCT) ontinued on tollo 9 pag
100 290 WRITF (64291 ILEAY MELLYALFID,SFAC .
101+ 291 FCRPAT('u*313,2F20.2) ¢
102 29 ¢C 10 ©
103 32 SICP :
Y . , .

SENTR

Y -~




64

TABLE 1 (CONTINUED)

Notes on the computer program:

The program will do a residual strength analysis using cl= 0

R
if the data card for cohesion is left blank.
A.small cohesion , in kips per square foot, may be included
in the analysis. In such a case, base lengths of blocks,
in feet, must also be included.
A total stress (@= 0) analysis may be performed. [n such a
case the value of ¢é in the data must be given as zero.
The assumed undrained cohesive strength, Cy? in kips per
square foof and base lengths in feet must also be included.
The computer then solves for the cohesion required for static
equi]ibrium, Cps and calculates the safety factor as shown.

c

Safety Factor= )
D

The last data card must always have.a 'sentinel' negative
number in the ''day'' column. This ends the program.

Several input decks can be used consecutively in the same
run, provided that the last data card in each intermediate

data deck is a blank ''sentinel!t.




TABLE 11

. INPUT DATA FOR SLIDING BLOCK ANALYSIS s
- . TACHE AVENUE SITE, X, = -9.,7°

JOB DESCRIPTION CARD : >

i N

TACHE AVE. SITE 4 ALPHA 3 = =S.T7 CEGS,,C=0

w wy W,
1'61.4)105.9] 85.C

!
T R T T o
sl TeTs .
155.& 545 -s.q s.cllo.ﬂ : . ’
c 51 52 59 : ’
k.c Prl hrl EFI Wﬁ
DAY MO. YEAR Uy, Vaz  Ups Yy Uy Res
S 1 I N = AR A - I 1) e : .
zerxiloq 36,4 sa.I[ 62.5 11.cr . l . o - .
2C 12 65 21.5 45.3 57,2 10e6 0sC  0e0 JOB DESCRIPTION CARD
I TacHe avE. SITE , ALPHA 2 = ~6.7 CEGS.,C<0.€ PSI
10 1 76 30.4 4646 €1.7 1Ce6 0.0 0.0
W, W, Ws
24 1 7C 3E.7 2849 €leT 10.6 0.C 0.0, [er.dics ol es.q]
1
21 2 TC 244€ 28.9 55.C 10.6 0.C 0.0 % X % £
A : [asd sogf-s.9] s.d 10.9
28 2 70 25.0 32.9 52.7 10.6 0.0 0.0
[~ Si 52 Y]
4 3 70 25.2 31.4 43.8 10.6 CuC 0.0 I wcesa] ze.s| 4c.a] 72.¢]
14 3 7C 18.1 35.2 46.1 10.6 0.0 0.0 DAY Mo YEAR  Ug: Use Uss Uy Yer Ru

. o Pedn]ed zsid szal ed g o] .

21 370 18.1 3244 5441 10.6 0.0 €0 : B '
20 12 65 3145 45.3 §7.Z2 10.6 0.0  €.0

28 3 70 22.8 3244 S4.1 1C.6 GG 0.0

1 ( ~S FUR THZ C=0 CA3E J
11 4 70 1€.2 37.6 €l.7 18,0 0.0 C.0 .

18 4 7C 10.1 40.7 10C.8 55.0 0.0 0.0
25 4 7C 1045 5445 125.3 10645 0.0 0.0
2 570 5.8 45.2 122.9 ST7.6 0.0 0.0
S 5 70 2.6 44.0 118.5 $0.3 0.0 0.0
16 570 4.3 53.7 118.5 86:C 0.0 0.0 O ) -

22 5 70 1643 4543 102.€ 64+ 0.C CoD /OB _DESCRIPTION CARD

l TACHE AVE. SITE ¢ ALPFA 2 ==G.7 GEG.sLNDRAINEL "C"=Ce% KoSeF,
44} Wz W

2S 5 7C 2043 4€.6 S3.1 5¢€.3 0.0 C.0

12 6 7C 1942 44.1 S$G.8 57.5 0.0 C.0 61.4105.9 5.
. 1
16 & 70 15.5 4840 S0.5 57.6 0.0 0.0 o 2 Of v
[3s.d 5.9 -<.4 s.dc.ol
26 6 70 1841 3841 86.S 5643 0.0 0.0
(= 5 Sz S
3 770 217 3845 84.1 47.2 Ce0  GCo0 I.sool se.q] ac.al 72.4
17 7 7C 18.1 28,9 75,2 2C.&  0uC .0 | pAY Moyew Yy Ure Usr  ur  Uu R
P2d 1 6 25,4 s3.9 e2.81 11.d -1 o1 _ .

24 7 7€ 21.0 32.7 7S.€& 324.7  Go0 C.0
20 12765 21.5 45.3 57.2 10.6 0.0 0.0
31 7 76 15.S 4041 7442 3746 0.C 0.0 :

7 8 7C 2043 29.4 T4e2 2846 0.C 0.0 i ( 43 PUR T 0=0 Cas3 ) . ]
17 4 7C 14.5 35.0 77.5 35.7 0.0 0.0 : s
8 9 70 16.3 34,7 82.7 37.0 0.0 0.0 :
L& 9 7C 18.1 26,3 82.7 37.0 0.0 0.0 T T :
b NOTE:

22 9 7C 18.1 33,7 75.6 27.0 0.0 0.0 1. W1N2043 ere block weirhts in RIEs.

e 40l 1,52,a3,8 & fhre messurdl in TEGRAS,
1T 1970 181 37.8 74.0 27.0 e.¢ 0.0 i éniseihg .nssl’x;l:-.&coh?sisn in nlrsd3dT.
21,82 & L : tas c¢f the blocks
2810 70° 1542 41.5 744C 37.0 GC.0 0.0 he 31,82 & 55 ero the buse len tas cf the .
FLIT. .
: g, U3l, otc. ars messured in KIPS, ’
11070 16.3 38.5 €8.8 36.C 0.0 0.0 B. Day;O ,» 83 shown on the last data cani for the

- C=0 cass , implies that mors jobs follow & propures
T1170 181 36.3 70.2 30.0 0.0 0.0 the computer to reai the noxt job data deck,

13 11 70 1445 28.8 55,6 18,9 0. 0.0
'0 11 TC 1049 2643 5145 Ile6 0.0 0.0
711 70 10.5 31.1 45.2  F.3 0.0 0.0
712 70 15.2 38.9 S0.1  $.2 0.0 0.0
i1 12 70 1542 36.3 5446 12,5 0.0 0.0
C 0 0 0.0 0.0 0.0 Co@ 0uC 0.0




TABLE 1V

- INPUT DATA FOR SLIDING BLOCK ANALYSIS -

- . — o
. TACHE AVENUE SITE, CX3 = ~-]13.5°, 66
JOB DESCRIPIION CARD . . o .
TTACHE AVE. SITE + ALPKA 3 =-13.5 CEGS.sC~0 ]
W, W Wi .
[Ter.dios.dl ee. 2l
'
dl o oq B S
i 35,0l sodbiz.d s.of 12,9
C S S2 Sy
e 1 I ] i
oAy Ho, Yewe Uzl Ugz Uas Ur e Ry
e il 6 26.4 =3l ez d 2. L] . 4
2C 12 65 21e5 4S.3 28,7 2.5 0.C 0.0 ° e _J08 Dese riprion Cars
| TACHE BVE. SITE + ALPFA 2 ==13.5 CEGS.,C=0s€ PSI
10 1 70 3044 4&.6 42.1 2.5 0.0 C.0 .
w, Wwe I“/J
24 1 70 28.7 38.9 42.1 2.5 0.0 G.0 [e1.dios.d eend
Z1 2 T0 Z4.6 238.9 27.6 2.5 0.C 0.0 oo oy B de
: [ae.d sod-12.9 s.d 12.4
26 2 70 25.0 32,5 25,3 2.5 0.C G.0
c 5, sz sy
4 3 70 25.3 21.4 2844 2.5 0.C 0.0 |"cceed se.d 4c.d 'ss.d _
14 3 7C 18.1 25.2 20.2 2.5 C.C 0.0 2y mo yew Up) Usz _Uzs (2 Uer _ Rit
‘ Ped ol edl 2s.d s3.d 3.6 z.1 .1 .1

2 3 7C 18.1 32.4 26.3 245 d.C 0.0

20 12 69 315 49.3 2B.7 2.5 0.C 0.0
Z8 3 70 22.8 32.4 3€.3 2.5 0.0 0.0 : . e

11 4 70 1643 27T.6 42.1 6.3 0.0 0.0 ‘ ( 48 FUR T3 C=0 CAS. ) 1
18 4 TC 10.1 4C.7 72.0 32.3 0.6 0.0 '
25 4 7C 1C.5 5445 S0.8 €543 0.0 Go0
Z 5 7C 5.8 45.2 8540 €2.2 0.0 0.0
S 5 70 3.6 44.0 85,6 56.7 0.0 0.0 ‘ ‘
13 .5 70 4,7 53,7 85,6 52,2 0.0 (.0
22 5 70 1643 45.3 12.4 S2.1 0.C 0.0
26 5 70 0.2 46.6 e@.x 30.1 0.0 0.0
12 6 70 15.2 44.1 €4.4 20.9 0.0 0.0
16 € 70 15,5 46,0 €4.1 31.0 0.0 0.0
26 6 70 18,1 38.1 €l.4 30.1 0.0 0.0
3 770 21.7 2E.5 55.3 240 0.0 0.0
17 7 7C 18.1 2B.5 52.4 13.7  0.C 0.0
24 7 70 21.0 23,7 ss.e. 16.2 0.0 0.0
.'21 7 70 15.5 4C.1 51.6 18.1 0.0 0.0
T B 7C 20.3 39.4 5l.¢ 1E.7  CeC 0.0
17 8 70 14.5 35,0 54,5 16.8 0.0 0.0
B 9 70 16.3 24.7 58.2 17.8 0.0 0.0
18 S TC 1Bel 3643 58,2 17.8 0.0 0.0
23 S 70 18e1 32,7 55.8 17.8 0.0 0.0
17 10 70 1841 37.8 5145 -17.8 0.0 0.0
25 10 TO 1S.2 41.5 51.5 17.8 0.0 0.0
31 10 70 16.3 38.9 47.¢6 17.1 0.0 0.0
711 70 1Ee1 3¢.3 48,6 12.4 0.C Q.0
12 11 70 14.5 2848 374 €45 0.0 0.0
20 11 TC 10.9 3643 3446 3.1 0.0 0.0
27 11 70 10.5 31.1 32.5 ‘2.1 0.0 0.0
712 70 15.2 28,9 30.8 1.5 0.0 G.0
3112 70 1%.2 36,3 36,7 2.5 0.C 0.0
0 0 0 0.0 0. 0.6 0.0 0.0 0.0




TABLE V -

0.0

0.0

- . INPUT DATA FOR SLIDING BLOCK ANALYSIS 67
ST. VITAL SITE
JOB DESCMIPTION CARD ) YT oL - e e e e e s
I ST VITAL SITE 5 Co0 —
W, Y 2% . : . -
'134-|372-|155¢| . e e, ey ore ’ - - . )
oy 4 l‘l B ’,
[ 35.0] 0. (.I -e.0] 10.d a1}
35 Sz Sy :
lo.o T ] | 1 .
Day Mo year Ugs Ur Uer A2 *
[od od e es.d 131 zl ss el 26.9 3.5l .
-
11 6 65 0.0 137.2 S6.1 22.1 2.5 0.0 , o8 oESCRIPIION CARD .
" . IST. VITAL SITE PhI=D , UNCRAINED "CA=0.5 K. S.F
S 87.5 127.2 S7. ' . . :
16 € 65 8749 127.2 $7.5 21.0 3.5 0.0 Wi e e
17 T €5 76.0 157.0 S6.1 20.2 3.5 0.0 [ 134.!312.! 1€5.] » iy ;
23 765 6740 127.2 $8.C 21.0 3.5 0.0 o3 _A__dr :
| 35.c| 0. d -e.f1c.d o.q ]
13 8 65 B£0.4 14646 1C1.1 22.0 3.5 C.0 .
c A S2 2 i
10 S 65 65.1 140.5 8.6 20.6 3.5 0,0 {.soc | eo.el 2100.d 101.7] T
20 12 65 78.5 140.5 70.5 4.8 3.5 0.0 LAY Mo vese Yo  Uer sy Uy Yer R4
U, Tedcd el es.d 137.2 ssad zeosl 2.4 ol .
10 1 70 7440 145.2 62,4  4e5 3.5 0.0 o7 : . !
‘ 11 €65 50,0 137.2 Se.l 22 3.5 €0 . .
24 1 TC TT.E 12448 64.9 449 3.5 0.0 . S .
31 1 70 7448 12448 68,6 4.9 3.5  0.0° ; . . ( 4s FOR TuE C=0 CisE ) —1
21 2 70 T71.5 132.0 €4.2 4.5 3.5 0.0
28 2 70 7448 123.0 €4.2 4.9 3.5 0.0
14.3 7C 75.6 118.5 £Ee6 4.5 3.5 0.0 . .
21 3 70 65.1 12 7004 4.9 3.5 0.0 _ .
28 3 70 6546 12442 €5.5 4.5 3.5 0.0
11 4 70 67.3 12448 71.7  8.9. 3.5 0.0 e e
18 4 70 67.2 12441 137.3 &2.7 3.5+ 0.0 ’
25 4 70 EEE LlaGaT 15545 142.7  2.5. 0.0
2 570 74.8 147.3 149.7 127.2 3.5 0.0 L
S 5 7C 5045 143.6 146.7 125.2 2.5 0.0 ] _
T16 5 70 75.5 1272 145.7 S€.8 3.5 Geg T TTITON Il -
22 5 TC 8247 151.6 126.C S6.5 2.5 0.0 ) e e e oo
26 5 70 77.8 121.7 12242 €z.2 3.5 0.0
5 670 82.8 140.3 132.8 62.2 3.5 0.0 Y
12 € 7C 77.0 137.2 124.2 €2.2 2.5 0.0 . .
1S € 70 7448 14648 122.2 €2.3 3.5 0.0 .
26 6 TC 74.8 156.0 119.1 €Z.3 3.5 0.0 . yor3s )
3 7 70 S1.6 1€2.3 11745 45.6 3.5 0.0 Ders-l , es shown on the lest cord for the C=0 .
cese impliss that there ere no more jobs & ' v
17 7 10 74.8 14S5.6 €5.5 17.7 3.5 0.0 . brings the computer to a atop, (o
. N [ o owee e . - RPN - By - - "
264 T 70 T4ef 128.5 9445 2146 3.5 0.0 :
31 7 70 67.2 147.5 S7.2 23,8 3.5 0.0 .
7T B T6 63.5 141.6G S1.7 25.5 3.5 Ca0 - .
17 8 70 72.6 153.5 $5.4 22,7 3.5 0.0 ’ )
€ 9 TC 80.0 166.€ $2.8 22.1 2.5 0.0 e . . .
3
18 9 7C T1.5 150.0 $5.5 23.1 3.5 0.0
23 9 70 63.6 156.1 $T.2 23.1 2.5 0.0 o T = T T
17 10 7C  £5.4 15646 SO0.& 23,1 3.5 0.0 . .
25 10 TC - 64.3 156.0 S3.C 22.4 3.5 0.0 )
31 10 70 63.& 15344 S4u2 22.4 3.5 0.0 ’
711 7C 58.0 147.2 6.1 16.8 3.5 0.0 . - - IR
13 11 70 67.3 143.5 75.5 1C.1 3.5  €.0 .
.. [ [ w e n - Siemie
20 11 70 62,5 147.2 #8.G 3.5 3.5 0.0
27 11 70 62.€ 137.2 €8.C 4.4 3.5  C.0 N .
T 12 70 62.¢ 145.9 €4.3 3.9 3.5 0.0 : .
31 12 70 61.0 157.8 73.0 1.2 3.5 0.0
-1 0 0 GC.0 0.C 0.0 0.0




+ TABLE VI , .

- . RESULTS 'OF THE SLIDING BLOCK ANALYSIS 68
. ASSUMING C =0 :
TACHE AVENUE SITE, 0(3 = =-9,7° ANDC.X3 = -13.5°
SLICING ELCCK SLGPE STABILITY ANALYSIS ' SLIDING BLOCK SLOPE STABILITY ANALYSTS

TACHE AVE. SITE » ALPFA 2 = =§,7 CEGS.,C=0 TACHI AVE. SITZ , ALPHA 3 ==13.5 DEGS.,C=0

CATE REGUIRED PHI (LEGREES) SAFETY FACTOR DATE REQUIRED PHI (DEGREES) SAFETY FACTOR
26 11 €S 18.72 0.56 D 26 11 69 ' 19.52 0.64
20 {2 €5 16.47 0.65 20 12 69 - 17.27 0.72
1c 110 16,61 0.64 10 170 17.28 0.72
24 110 1€.72 0.64 24 170 17.39 0.72
21 2 7C. 14,52 C 0.4 ) 21 210 15.23 0.83
e 210 13.87 Ce?77 | 28 270 . 14.57 0.87
4 370 , 12.0¢ sz | L 4 370 13.85 0.91
14 2 10 12.9¢ . .82 w4 o310 13.71 0.92
21 31 12,35 0.80 21 370 ‘ 14,02 0.90
2¢e 3 10 : 12,77 €78 -~ 28 370 - 14,43 0.88
11 4 72 12.88 - 0.83 11 4 70 13.97 0.91
1€ 4 10 €.22 » 1.30 .18 4 70 - 10.55 1.21
25 4 10 3.1¢ 3.46 l © 25 410 5.51 ] 2,34
2 570 ' 4411 2.65 2 s 70 6.22 2.07
5 510 4070 632 9 5 70 6.7 1.92
16 570 5.48 199 7 16 570 1.71 1.67
¢z 5 1¢ 5.28 2.01 . J 22 570 .12 1.66
25 5 10 .17 l.1e 29 570 o 11.73 1.09
12 6 7¢ 8.67 125 12 610 : 11.16 1.4
15 6 70 8.64 l2e 19 6 70 11.13 ' 1.15
26 6 10 £.33 1.30 . 26 6 70 10,64 1.20
2 71 7¢ : 5.81 1.10 3 170 12,07 ‘ 1.05
17 7 1¢C 11.84 C.S51 ‘ v 17 7 70 ‘ 13,49 0. 94
24 1 7C 11.25 Ce36 24 170 13.00 0.97
31 776 10,74 1.01 31 770 12.68 1.00
7 810 10.5¢ ©1.03 7 870 12.57 1.01
17 8 1¢ 10.6¢ 1.01 17 8 70 12.39 1.03
8 9 70 10.85 100 . 7 8 970 12.60 . 1.01
16 S ¢ 11.07 0.98 7YY s 970 12.87 0.99
22 9 1C 10.70 1.01. .23 970 12.47 1.02
17 10 7€ 10.58 .02 " . 71070 12,50 1.02
25 10 70 1¢.87 C.55 2510 70 1207 A 0.99
21 10 7C 10.38 1.04 31 10 70 12.20 1.04
711 70 BRI ELL: 0.94 711 70 13.02 0.97
13 11 70 11.56 €.923 13 11 70 12.66 : 1.00
20 11 10 12,77 C.84 .20 1% 10 13.46 0.9
27 11 10 12,60 0.85 . 211170 13.10 .97
112 70 12.57 C.7s T12 70 - 13.93 0.91

31 12 70 13.14 ' 0.82 31 12 10 13,90 . . .. 0.91




TABLE VI

RESULTS OF THE SLIDING BLOCK ANALYSIS ASSUMING C=0, ST. VITAL SITE

SLIDING BLOCK SLOPF STABILITV ANALYS!S

DATE
4 6 69
11 6 69
16 6 69
17 7 69
23 169
13 8 69
10 9 69
20 12 69
16 1 70
24 170
31 1 7¢C
2L 2 70
28 2 710
14 3 70
21 3 70
28 3 70
11 4 70
18 4 70
25 4 10
2 570
‘9 5 70
io 370
22 5 10
29 5 70
S 6 70
12 6 70
19 6 70
26 6 70
3 770
17 7 70
24 1 10
31 710
7 810
17 8 10
8 9 70
18 9 1¢C
23 9 710
17 10 70
25 10 70
31 10 70
T 1170
13 11 70
20 11 10
27 11 10
7112170
31 12 70

ST VITAL SITF 4, €=0
REQUIRED PHI (DCGREES)

B8.19
8.45
8.50
8465

4489
4.94
6031
6.69
6.40
6,47
6,56
T.95
8e42
7.98
8.09
T.71
8.34
8.69
8.23
8.21
8.12
8.18
8415
8,09
8440
8.51
8.39
8.5%8
B.66

SAFETY FACTOR .

0.99
0.96
0.95
0.94%

69




- : TABLE VI11 | :

RESULTS OF THE SLIDING BLOCK ANALYSIS _ /0
ASSUMING C= 0.6 P.S.1. :
TACHE AVENUE SITE, o<3 = -9.7° AND o<3= -13.5°
SLIDING BLOCK SLOPE STABILITY ANALYS[S HYIY SLIDING BLOCK SLOPE STABILITY ANALYSIS

TACHE AVE. SITE 4, ALPHA 3 = -9,7 DEGS.,C=0.6 PSI TACKE AvE. SITE , ALPHA 3 =-13.% DEGS.,C=0.6 PSI
DATE REQUIRED PHI (DEGREES) SAFETY FACTOR -~ DATE REQUIRED PHI (DEGREES) SAFETY FACTOR
26 11 69 12.14 0.89 ] 26 11 65 13.41 0.95
20 12 €S 10.63 ) 1.02 20 12 69 11.80 1.08
10 1 1€ 10.71 1.01 10 170 11.79 : 1.08
24 170 10.81 1.00 ¢ 24 176 11.90 1.07
21 2 7¢ 933 l.16 21 2170 10.35 1.23
28 2 70 8490 L2z, » 28 2 1¢ 9.90 1.29
4 370 8,38 ‘ 129 4 3 1C ' 9,41 1.36
14 3 17¢C 8.30 : 1.31 ‘ 14 370 ‘ T 9.29 1.38
21 370 8.58 I O 14 21 3 1¢ . 9.50 1.35
28 3 70 " 8.83 . 1.23 28 3 70 9.79 1.31
11 4 7¢C 7.96 1.36 L 11 4 70 ' 9,29 1.38
18 4 70 3.55 3.08 . 18. 4 ¢ ' 5.83 2.21
25 4 10 ~1.32 , -8.27 o 25 470 ° 0.98 13.13
2.5 170 ~0.29 -38.06 2 57 1.81 T.12
9 570 0.39 28.14 : 9 570 2441 5.36
16 s 70 0.83 13.21 16 5 70  3.05 " 4.22
22 5 10 0.77 14.28 ' 22 5 70 316 4.09
29 5 70 4.08 2.67 ; 29 5 71¢ 6465 - 1.93
12 6 70 3.78 2.89 12 6 76 6.27 2.05 .
19 6 70 3.76 2.90 1 19 6 70 6.25 ‘ 2.06
26 6 10 3.70 2.95 : 26 670 6.03 2.13
3 717c 4.90 2.23 2 3 770 7.21 1.78
17 770 6.79 1.60 ‘ 17 1 70 8.63 1.49
24 1 1¢ 6430 1.73 : 24 170 _ 8.23 1.56
31 7 70 ‘ 5.86 1.8 a1 170 7.90 1.62
7 870 5471 1.91 : l 7 8 7¢C T.77 1.65
17 8 70 5.89 1.85 : 17 8 10 7.76 1.65
8 970 : 5.93 1.84 | O g 970 7.84 1.64
18 970 6406 1.80 o 18 970 8402 1.60
23 9 70 5.86 1.86 ; 23 970 L 1.7 1.65
17 10 7C 5.79 : 1.88 O 17 10 70 7.75 1.66
25 10 70 5,95 1.83 _ - 25 10 7C 7.98 1.61
31 10 70 5.72 1.90 31 10 ¢ - T.64 1.68
111 70 6.58 1.65 71170 8.34 1.54
13 11 70 7.12 1.53 ' 13 11 ¢ 8.39 1.53
20 11 70 8413 136, : 20 11 70 - 9.08 1.41
21 11 7¢ 8.09 1.34 I . 27 11 70 8.87 L.4s
712 70 B.T4 1.24 ) 112 10 9.46 1.35

31 12 8434 1.30 : 31 12 70 9.37 1.37




TABLE IX.
. RESULTS OF THE SLIDING BLOCK ‘ANALYSIS
ASSUMING C=0.5 K.S.F. TACHE AVE. SITE; (X,= -9.7° AND ST. VITAL SITE o,

SLICING BLCCK SLOFT STABILITY AMALYSIS ' SUICIAG PLECK SLOPL STARILITY ANALYSIS

TACHE AVEe SITE o ALPKA 2 29,7 DLG. UNDRLZINED "C"50.5 KoS.F, ST. VITAL SITE PrI=0 o UNCRBINED "C"=0.5 K.SaF.

LATE KLQUIKEL UNGHAINED "C"yKuSoF. SAFETY FECTCR . LATE KEGUIPLD URNLPAINID "C"yKeSeFe SAFLTY FACTOR
26 11 69 0.2367 2.1127 O 4 6 69 02275 z.1582
20 12 €5 0.2374 2.1064 11 € 65 0.2329 Z.1471
ic 1 7¢ 0.2374 2.1064 : 16 6 €S 0.2341 2.13517
26 1 16 0.2374 _ 2.1064 S 171 T 69 0.2350 2.12175
21 2 10 . 042374 2.1064 © 23 7 es. 0.2341 Z.1357
28 210 0.2374 Z.1064 ; D13 8 &S £.2220 2.1461
4 37 0.2374 ' 2.1064 "D 10 9 6% 0.2346 . 2.1216
14 3 T 0.2374 2.1664 ' 20 12 €S 0.2523 1.5820
2. 210 C.2:74 2.1064 - ‘ 10 176 ' 0.2523 1.5226
28 3 170 0.2374 - 2.1064 S 24 1 16 0.2523 1.6820
114 70 0.2242 2.2300 11 1 719 0.2521 1.5820
18 4 1 ‘ 0.1513 : 3.2051 ‘ ' 21 210 0.2523 1.5820
25 4 10 0.0661 7.5665 "R 28 2 70 . 0.2523 1.9220
2 s 10 - 0.0682¢ 6.C516 v 14 370 0.2523 1.5820
s 572 06.0956 T s.2297 : o z1 370 0.2523 1.9820
16 5 70 ' 0.10332 . 4.8423 S 28 370 0.2523 1.5820
22 5 70 0.1052 . 4.7523 11 470 0.2476¢ z.c181
2 5 T 0.1561 - 3.2034 18 4 70 0.1671 2.6727
12 €& 10 041540 2.2478 S 25 4 10 " 0.0566 5.1625
15 £ 70 0.1538 3.2516 ' 2 570 0.1143 4.3732
26 & 70 A 0.1561 3.2934 ; s s 10 0.1121 4.4612
PR T Uesres 245024 BRSNS TR - Geia83 EPOTET
17710 C.2018 ' 2.4717 ' 22 5 10 0.1485 3.3¢68
26 170 0.1945 2.5706 _ : 25 5 10 041876 26646
31 7 1C 0.1893 2.6406 o 5 & 170 0.187¢ 2.664¢€
7 87 0.1876 246657 ' "2 610 0.1876 2.6646
17 8 TC 0.12527 2.5543 | , 15 € 7c G.1275 2.6662
8 9 70 0.1904 z.€258 i & z 26 610 0.1815 2.6662
18§ 70 © 0.1506 2.6258 o T e 110 © 0.2064 2,428
3 5 10 6.1904 | 246258 L1717 T W 0.2378 ¢ 7.1023
17 12 70 0.1504 2.6258 - D 24 1710 0.23124 2.1419
25 1) Tu 041904 ' 746258 ' a7 10 6.2316 241645
31 12 7C 0.1522 2.¢015 | 7 e10 0.225¢C z.1831
711 170 042029 244647 %'7' 17 8T 0.232: 2.1534
13 11 70 0.2226 2.2461 C 8 910 3,2311 . 2.157¢
20 i1 7¢ 0.2356 2.1223 - 18 9 70 0.2317 2.1576
27 11 10 0.2397 2.0861 P 23 9 70 042317 241576
712 10 0.2355 2.0845 17 10 70 ’ 0.2511 2.157¢
31 12 10 0.2340 201268 : ' 25 10 70 0.2325 2.1502
Y a1 10 10 0.2325 2.1502
] 7117 " 0.2388 2.0634

13 11 o244 2.0292 -
20 11 70 0,2516 1.5873
27 11 10 0.2528 1.9776
7127 ~ 9.2534 1.9732

3112 10 042697 T 2.002¢6




TABLE X . 72
CALCULATION OF SAFETY FACTORS USING TAYLOR’S STABILITY NUMBERS

| L |
— NS —
\ |
\ H
\ I
DH \
N |
~N \o //
~ ~
Y Assumed Till . \\\ —
(Assumed ¥ = 115 P.C.F.)
DESCRIPTION ST. VITAL SITE TACHE AVENUE SITE
H (FT.) 29 26
DH (FT.) 51 43
L (FT.) 220 120
Tan i 0.132 0.217
i° 7.5 12.2
¥H (P.S.F.) 3340 2990
D 1.76 1.65
C/EH 0.089 0.122
(From Chart)
Cy (P.S.F.) 297 . 365
Safety Factor 1.68 1.37
(Assumed CU=0.5 K.S.F.)

% From Taylor’s Stability Number Chart for the ¢=0,
limited depth case.




APPENDIX B. RESULTS OF PIEZOMETER READINGS
(TOTAL HEAD ELEVATIONS).




TABLE Xl

TOTAL HEAD [N FEET,ST. VITAL SITE
(700 FOOT DATUM ELEVATION)

DATE 1962
PLEZ. | JAN FEB , MAR APR
. 20 | 31 2 3 5 6 7 8 9 | 13116 | 28 5 | 14|28 [ 11 11617 |18
] 27.8127.6 28.7127.7F - |27.9)27.7]127.7 28.8
2 26.9126.9 27.0 26.9 27.0{27.0{26.2 28.1
3 26.8[26.8 26.9 26.8 27.0{26.8{26.7 27.9
b DRY |DRY |51.5[42.9]39.1|38.1|37.4{36.9|36.0[35.2 33.1/33.1/33.6|33.8]33.1 35.2
5 DRY |31.9/31.8
DATE 1962
PLEZ- |APR MAY
. 19 120 |21 122 |23 |24 |25 |26 |27 |28 |30 ] 2 3 5 8 9 |12 | 14
1 29.0129.2/29.9|31.1 32.4[32.1]31.6[31.0[30.7[30.4{30.5
2 28.2128.4{29.0/29.8 31.5/31.3/30.8[29.9(29.6/29.3{29.2
3 28.0/28.4/29.3|30.5 31.0{30.9/30.3{29.5{29.2|28.9|28.9
b 33.3/33.5/33.5/33.5{33.5{33.5/33.7|33.6{33.7|33.8 33.8/33.7{33.9/33.8/33.8/33.5|33.5/33.5{33.5
5 32.0(32.5(32.6]33.0/33.2/33.8|34.1]34.1]34.6/ 34.9/35.3| 35.6]35.8|36.0/36.4|36.4|36.7{37.0|37.1

L TA



TABLE X! (CONTINUED)

TOTAL HEAD IN FEET,ST. VITAL SITE
(700 F@BT DATUM ELEVATION)

DATE 1962
PLRZ-| MAY JUNE JULY AUG
: 151 161 17 ] 22| 24 | 29 | 31 1 71131 19] 22| 27 41 11} 18 | 25 2 8
1 30.7/30.7130.9|32.1{32.4|32.8 33.3033.4}33.1{33.5!33.433.3(32.7{32.1{31.9{32.2{31.6|31.3
2 29.2129.3 29.4 30.0/30.1/30.8 31.2]31.5/31.4}31.7/31.8/31.6/30.9/30.1{30.2{30.3{29.7{29.3
3 29.0/29.1}29.2{29.5[29.7{30.5 30.9131.2{31.1|31.4{31.4}31.2{30.6 29.7 29.8129.9{29.3}28.8
I 33.4]33.5{33.8/33.8{33.6|34.0}33.9 33.8|34.0| 34.0| 34. 4|3k 4|3k . 4|34.3|34.2|34.2|34.5{3k.2
5 37.2137.3]37.6 37.9 37.8138.4|38.4 38.5/38.5]38.7 38f9 38.9(38.9(38.9/38.8(38.7[38.8|38.6
DATE 1962 1963
PLEZ.| AUG |SEPT OCT [NOV |DEC | FEB |MAR |APR |MAY JUNE JULY AUG [NOV
: 30 71121211201 7 41 11 | 15 6| 151 23130 ] 20| 281 12 |24 7 | 10 ] 23
1 31.3131.1131.1131.0]30.6130.3{30.1] 29.2]29.3]30.1{30.3]30.3]30.3{30.3}30.6{30.2{30.0}29.7 BLOCTED
2 29.3129.2129.2|29.2129.2|28.8{28.4 BLOCKED 29.4129.4]28.9(28.7(28.5 BLOCTED
3 28.8128.7128.8{28.8{28.7|28.4|28.1{ BLOCKED |29.0{ BLOCKED 29.3129.1|28.5|28.4{28.0|BLOCKED
i 34.4]34.6{34.5(34.4|34.5{34.1]34.5 34.4]35.3}35.1]35.1/35.0{34.1|35.1|35.4|35.3[35.1]35.0{35.1 34.7
5 38.6|38.7138.5|38.5{38.4 BLOCKED 39.6[39.3139.1{39.0/38.8{38.6

74



TABLE X! (CONTINUED)

TOTAL HEAD IN FEET,ST. VITAL SITE
(700 FOOT DATUM ELEVATION)

DATE 1964 1965
=7 FEB MAR |MAY |JUNE JULY|OCT [NOV |MAY JULY ISEPT]OCT |NOV |DEC |MAR |APR
nbZz- 11 29 | 21 plu2s|arfie] 8 3] 32| 2| 611 J19] 2]10
1 BLOCKED SUBMERGED| 35.6 |35.1]34.6]34.9]35.3 [35. 3] SUBMERGED
|
2 BLOCKED SUBMERGED| 34.7(34.2(33.7(33.7|34.3 |34. 5| SUBMERGED
l
3 BLOCKED SUBMERGED 28.0(27.9]28.5[28.5 |29.0{SUBMERGED
L 34.7/35.3135.0{35.3}35.4}35.5{35.3{34.9(34.8 35.8/36.0{35.3|35.4]35.5{35.2{35.335.8|35.8{35.9
5 38.639.2|38.9]39.5{39.5]39.3|39.4/39.0|38.8|40.0{ 40.1]39.5[39.2|39.2{39.0]39.139.8]39.7 40.0
DATE 1966
olE7 APR MAY JUNE| JULY]OCT |NOV DEC |
%62 vz w1620 2630 | 4] 728 |21)22]|15| 5] 1210} 3l
1 SUBMERGED 36.5(36.1]/36.0/35.9(36.2]35.2{35.7|35.6
|
2 SUBMTRGED 35.4135.0!35.0|34.7]35.2{36.3]|34.7|34.7
3 SUBMERGED 33.0031.0{28.3]|28.8/29.5|29.3]29.3]29.4
L 36.3]/36.6]36.9/36.9/36.6/36.3{36.6{36.2{36.3{36.5/36.2}35.7/35.9 35.6]35.4{35.9
5 40.3| 40.4} 40.7| 40.8] 40.7| 40.3]40.6|40.3|40.1]40.0]39.8{39.239.3[39.0/39.0[39.4

9L



TABLE XI (CONTINUED)

TOTAL HEAD IN FEET,ST. VITAL SITE
(700 FOOT DATUM ELEVATION)

DATE 1967 1968
PLEZ-] JAN MAR APR MAY JUNE JJULY |AUG |SEPT OCT |NOV |JAN |MAR | APR
- 14 | 28 L |25 ] 8 1 121 271 16 8 | 12 9 | 23 130 | 28 L | 131 30 ] 26
35.6135.7135.3|35.1 SUBTERGEP 38.2(35.9]36.0{35.535.5{35.5{35.8{35.7|34.9| 34.9| 35.1
2 34.7134.7 134.6 [34.5 SUBMERGED 35.1134.8134.8(34.5|34.5{34.4|34.7{34.7133.9/33.9]|34.3
I
3 29.4129.4129.5129.5 SUBMERGED §1.6(41.0139.8{39.1/38.7138.4|37.7!37.4{35.1{35.1| 34.9
L 35.8(35.6(36.2136.3{35.9136.3/36.1{36.0|36.236.3|36.1|35.8}35.8/35.9/36.0!/35.6
5 39.3139.4(40.040.1139.8(39.7/39.9/39.9{40.0{40.1]/39.9/39.5{39.5{39.6(39.5/39.2140.1]|40.1]40.0
DATE 1968
PLRZ.| JUNE|JULY AUG
. 12 6 |24 | 22 |
! 36.0(36.2{36.2 '
2 34.8134.83h.7 (CONTINUED)
3 33.9133.3{
4 36.2136.4136.2138.3
5 40.2140.21{40.2{40.1

LL



TABLE X! (CONTINUED)

TOTAL HEAD IN FEET,ST. VITAL SITE
(700 FOOT DATUM ELEVATION)

DATE 1968
PIEZ-|  OCT NOV DEC
: 31 4| 8 |tof 1] 15|16 |18]22]25/)30]| 7 8 111112 |22 129 ] 2
1 36.7 35.8 36.4)36.2136.8 36.6136.2136.1 35.9(35.8 35.8
2 35,41 - |35.2 35.2{35.0{36.0]. 35.0{34.9(3%.9 34.7|34.6 34.6
3 42.0 41.8 IR A TR 41.1140.9140.9 40.840.6 40.7
4 36.0 35.9 35.2135.1]35.5 36.135.8135.7 35.8]36.0 35.6
5 DRY 39.8 DRY [39.8]39.7 39.9{39.7(39.6 39.7/39.8 39.6
6 38.9(37.9127.6|28.5| 26.4] 27.6| 26.7|28.3| 28.5[26.2{ 25.5{30.6{31.6|28.7(27.3]27.3 32.8(26.4
DATE 1968 969
PREZ-|  NOV [DEC FEB |APR MAY
' 29| 2110 23| 2213 19]26] 3] 11]19]?28
6 32.8(26.4 ’ 31.7
7 17.0131.3{29.0 29.0[30.1]35.4}35.9 36.6{36.1/36.4/31.0
8 52.5039.8|43.0|38.6 37.5|38.8|43.9| 40.5| 43.0| 41.4] 43.7| 40.0 (CONTINUED)
9
10 22.2]38.8|33.9 33.7]29.3|34.8|35.8| 35.6|36.0] 34.6{31.9

8L




TOTAL HEAD IN FEET,ST. VITAL SITE

TABLE. X1 (CONTINUED)

(700 FOOT DATUM ELEVATION)

DATE 1969 1970

P&BZ. JUNE JULY AUG | SEPT| DEC {JAN FEB MAR APR MAY

' L 11 16 17 23 13 10 20 10 241 31 21 28 14 21 28 11 18 25 2
1 42.3|36.7(36.9]35.9] 36.4|36.3 35.8 136.1 B6.3 B5.3 5.5 35.7 {35.5
2 35.835.8|35.2{35.8/35.3| 34.8 34,7 34.9 BL.7 BL.3 B4. 4 Bh.6 [34.7
3 37.1136.8{42.7{41.7 L4o.8135.0
k| 36.5036.7(36.5]36.436.5] 36.8] 36.4{ 36.0{36.0{ 36.1] 36.4] 36.0| 36.0| 36.2
‘5 | 40.5|40.8|40.5|40.4|40.6|40.7]40.2|39.0|40.1}40.1] 40.3| 40.2| 40.2| 40.5| 40.8] 40.6| 40.4l 40.3| 40.7| 40.6|
30.9129.7131.1131.1133.0{33.7}33.7{29.7 28.

7 30.530.5(30.5}33.5/29.8|28.91.28.6{27.9]27,9{27.5| 27.5 26.6{27.5/27.527.0|26.5} 26.8| 30.7{35.8} 33.
8 39.2(39.4|38.2|37.5|37.3|37-3{37.1|37.3|37.3 36.6 35.5{32.7132.7| 34.3133.2| 34.3] 38.2| 4k.2 42.2
9 33.8(37.1/36.0(33.2{37.6]36.9{36. 36.2|34.1/36.0|34.8)33.7| 34.8| 34.136.4 35.
10 31.2131.2130.7(34.2(30.0{29.8]29.8/29.8|29.8}29.8 29.8129.1129.1129.1129.3]28.4] 29.3]33.5]| 32.
11 59.6 32.2 37.1136.4]36.4135. 35.4}34.8{34.1|35.2|35.5|35.2} 35.2{37.1 36.
12 44.5139.8|44.4|39.8| 45.5|47.2|47. 47.4|46.6|47.8|46.0 (49.0| 46.7| 46. 7|47 . 4| k7.
13 36.2(33.4{39.2/38.6{31.8(32.9(32. 31.3131.0{31.5{31.1]29.5{30.1}32.4{35.0|35.5

M e Y
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TABLE XI (CONTINUED)

TOTAL HEAD IN FEET,ST. VITAL SITE
(700 FOOT DATUM ELEVATION)

DATE 1970
PhBZ. MAY JUNE JULY AUG SEPT oCT
‘ 9 16 22 29 5 12 19 26 3 17 24 31 7 17 8 18 23 17 25 31
1 36.8/37.2137.0/37.0137.0]36.8|36.6|36.4{36.4|36.0]35.9|35.9 36.1]36.5]36.8{36.7(36.7
2 135.335.7/35.6{35.5|35.5{35.5/35.0{35.0{35.0|34.8/34.7| 34.7|34.7{34.8{35.835.835.0
3 n2.5|uh. blh2 6|51 .9 k1.7 41,761, 6] k1. 4] 41.6| k0.8 {406 |02 k0.2 |40.2
4
5 Lo.5{40.5140.6{40.5|40.5

42.5|41.8(38.540.4139.2137.3139.5(|36.7|31.4}33.0{33.0 30.7 34,4128.3129.1130.0{30.7{30.0]30.0

7 34,2132.8{33.0(30.6{31.5(31.3{31.5{30.2{31.7 28.3127.4129.2{28.3|29.3128.8{29.3{29.6(29.9129.5|29.5
8 | 42.4]42.2|41.9]39.2(39.6(37.8]35.9138.5/38.0|36.4(36.6]37.3|36.4{36.6|36.4|36.4[36.2|36.9(36.636.6
9 | 30.2/33.7(33.9/33.9(33.7(33.0/33.3{31.9[33.0[31.6(33.0|33.7[32.833.7(33.5|35.1|34.0{35.3|34.9 | 34.9
10 32.1130.830.6129.230.1{29.7|26.2{28.5 28.3125.5(28.5/28.5127.8{29.7131.0(33.4|35.0 36.1136.8[36.6
11 | 36.2/36.0(36.0]35.5/36.1(35.5/36.0(36.0|36.2|35.9(35.7|36.6(35.7|36.4|35.5/35.9(35.7|35.9|35.9|35.4
12 36.8|47.4|46.2|46.0|46.7|46.0|45.1|46.0|46.2|45.5 /45,5 46.0{46.0|44.8|46.0(45.8 k4. 9145.845.3145.3
13 35.7137.1136.2{34,5|35.1{33.6{35.0 33.6{33.0/29.9129.9{31.1]29.7(29.7(28.5]|29.2{29.9]31.3 31.5{29.4
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DATE 1970

Pﬁgz. NOV DEC

- 7 13 20 27 7 31

] 36.9(36.936.7136.4136.4|36.4
2 35.1035.1(35.1/34.8{34.8|35.2
3 39.939.8(39.8{39.6{39.4/39.1
L
5
6 284284 27.6]27.6]29.7
7 28.8128.3(26.0{26.9(28.3 28.3
8 35.7/35.0(33.9]34.8{36.8|36.8
9 33.4132.8(32.5{33.0{35.5{36.2
10 35.4/35.0(33.8/33.6{36.1/35.6
11 34.5/34.5(33.4]33.4{35.7|35.7
12 45.8| 44.243.9| 43.2|45.8]45.8
13 29.5{30.2}27. 27.6129.9129.9

TABLE XI (CONTINUED)

TOTAL HEAD IN FEET,ST. VITAL SITE
(700 FOOT DATUM ELEVATION)
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TABLE XI|I

TOTAL HEAD IN FEET,TACHE AVENUE SITE
(700 FOOT DATUM ELEVATION)

DATE 1969 | 1970
NOV |DEC JJAN FEB MAR APR MAY JUNE
PUEZ- | 26 |20 |10 2k |21 |28 | 4 |14 y 21 [28 [ 11 |18 | 25 16 | 22 | 29| 12| 19
1 55.7{53.2/53.6|53.2|43.7140.0|40.7 |41.6|43.5|47.9]50.9|42.5|40.0|40.0}40.0{48.3]48.8|49.7 45.9/40.0
2 41.5[41.5(42.5(38.537.6(37.6{37.6|37.6|37.6|37.6|37.6|37.6{40.4[39.9 39.2{38.9
3 43.6 (48.7]47.2(48.0 |46. 46.6 31.6{31.6(31.6|31.631.6(34.6|35.1| 36.0{36.8
4 43.9|54.3|56.5|52.9|50.7|49.5|47.7|35.1 22.1(25.6(31.8(33.7/33.7|34.1{33.4[33.4 33.2{30.2
5 35.7{33.6(35.3136.0/35.9({35.3135.7{35.732.7 34.8135.3(39.2129.9{31.1|37.3(38.2|37.6] 38.1}37.1
6 | 36.5(32.8(30.5/29.5/23.1]21.2]23.1{17.3/19.8 24.9125.9/29.5{30.0/29.7]29.829.8(29.1| 29.3|28.6
7 | 36.2(39.4]37.8(35.6{32.9(32.432.9/32.9(33.1 32.4132.2(34.033.8|34.5(35.0(35.0|34.5/31.7/27.8
8 | 49.4|45.5132.830.0/30.0{30.0(30.0/30.030 0 30.0(30.0|44.8]48.0[47.6{47.6|47.6|46.2| kh.3]43.4
9 | 35.4|33.8{33.8(33.6{30.1{30.8]31.9(31.932.2 32.2{34.936.1[38.4]36.8)36.8/36.8 |35.4 34.0|33.8
10 | 39.8/38.8]37.234.8{31.9[30.9/30.7/30.5[29.3]28.9(27.9|27.7/32.8]31.9]30.9]32.1{31.6{31.4} 30.5(30.0
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TABLE XII (CONTINUED)

TOTAL HEAD IN FEET,TACHE AVENUE SITE
(700 FOOT DATUM ELEVATION)

DATE 1970
P2 |26 |5 1 17 1 2u | 31 i 17 L 18 [ 23 |17 | 25 1 31 N 113120 1 27 " L
1 52.7|kb.56]567.9]49.5(47.9]47.9|40.0|41.6]46.9|47.4|46.7|46.2| k6.7 |46.5 47.9
2 |39.2|43.4]39.4|41.5]41.5/40.8|41.3|41.8] k1.5 41.5}41.5 38.5
3 36.2(36.5(37.2(37.2[37.4]37.4{37.4[37.4{38.1|37.4 39.5 |
4 31.8131.6]31.1130.7130.0 29.5 29.5(28.4{28.4]28.6128.6{28.8[28.4(27.7127.2|27.2|27.0 27.7
5 36.9137.1/35.7/35.5(35.5{35.0{35.0[34.6| 35.0{ 34.4| 34.635.3/35.0|35.0[33.9| 32.2({31.8{32.9/ 32.9
6  129.1]28.4]29.1(28.0{29.3]29.3|28.4[28.4|28.2|27.9|27.3|27.5[27.0{26.1|25.6| 25.424.9{26.5|25.6
7 28.3126.8{25.0(24.7]23.6|22.7{22.5|23.2|25.0 26.4128.3127.8[27.8 27,8 26.7126.7]25.5{27.6/28.7
8 Lo.9|41.1 37.9 36.9137.4{37.4136.0|35.5 34.6/34.6|34.6|34.2(33.5|31.2
9 32.6133.1]33.5{32.3132.8/32.8(32.8 32.8{32.8/32.8{32.2{39.9{32.231.0 30.6{30.6{30.3{32.6{31.9
10 28.0{26.8|25.9{24.7(25.0|24.3123.3/23.1|23.5|23.5{24.9]25.8]25.9{25.0 24,71 24.7124.7]26.8|26.1
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APPENDIX C. RED RIVER ELEVATIONS.
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TABLE X111
RED RIVER ELEVATION AT
JAMES AVENUE PUMPING STATION

1967 1968 '
OCT | NOV | DEC | JAN |FEB| MAR | APR [MAY |JUNE] JULY

AUG

SEPT

O~ Oy U1 W N

W RN R RN NN N RN NN e e et e e e e e e e
—_ O W o~ O VUl LW N = O W o ONVUT W Ny~ O W

26.2 32.7 35.0
33.1
33.7

34.0|33.7
25.4

33.7

35.2 (34.9

25.8 26.2|31.7 33.7

3k

30.6 33.8
26.4 34.3

34.6
27.
27.
27.
28.
29.
33.9 31.
32.

35.1

33.6

33.4

O ~ W I~ 0 VI W

33.9
3h.h

34.0

31.0

341

34.2

34k.2

33.7

33.6

NOTE: Add 700 to gauge height to obtain elevation of river

in feet.
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TABLE X111 (CONTINUED)

RED RIVER ELEVATION AT
JAMES AVENUE PUMPING STATION

oAy 1968 1969

OCT | NOV |DEC |JAN |FEB [MAR {APR [MAY [JUNE
1 33.5127.6127.8128.1127.8128.1 36.0
2 33.0
3 32.5 4h.2
4 31.9
5 31.4 27.9
6 30.8
7 30.3
8 28.5
9 27.9
10 27.8
" 27.8 4.0 [34.6
12 27.7
13 27.5 43.6
14 27.7 4.6 [43.8
15 B4.0 27.7127.9127.9127.8|45.8
16
17 43. 4
18
19 k.6
20 42.1
21
22
23 39.8
24
25
26 |45.8 381
27
28 37.0
29
30
31]33.7

NOTE: Addr 700 to gauge height to obtain elevation

of river in feet.




0

A g A,

[ROTRFUIPONE Jy S SN

o e e e bt b S

. (DAY) |

.i 8‘
~or
"1

.8

' f96 Co
90 33Tk ..
. 27.2

2735

Ezs!

SRR N L

Bl

'IABLE X1V

5 /,

RED RlVER ELEVATION AT REDWOOD BRIDGE, MEASURED BY DEPARTMENT OF ENERGY, MINES AND RESOURCES

1966 |
jr\ip ¥E - 25?1/

0CT

.-"4 )
2 %3’;—.3
3. 3344
y., 332.7¢
3A.i£ "

7: 3‘0?“-' ..

f
9 '33.;/1““
32,76
33.€1

13l 33.69
?12 33.71 :

st o]

,f7; 33,73

118' 33.74
3.73

2}

21' 33.76
lzz‘

'237 B
ioh: 32,82 |
32.85

61 33.09

. ‘;-'I." L}
WARY 5T

3¢.55
31..85
3.3

22.33

"~y o
“ e

2%.4

2&,12,

22,12
23.12°

28.14

S 2
26,95 28,00

26.99 . 28.90

- 2¢.98

26.93

+ - 27.83
27.5)
27.43

2745 L
f28.12

27.84 _

270 80” ' .
27.89 .
R7.80_

. 27.8L°

JAN
/'AL/
2E22
ez
A2

— v ea———t

28,24, ..

1967 FEB

28,3
28:48
2YcS

T 23,137

S 2801370
28.12,"..

' 23.12
23, ll

-— -

L o28.10
} i 22,10 .
23,11
.. 22'12 -~
28,11

28,36
i 28,36

t28.37

13819 L
28.23 . .

3/’
?é S
1( 53

sy
23.53,

'?f 22, Fond

.-.'.'-.-. -

. H
A ‘

'28.56
23.50
23,52*_,

3.1y

- 3{*[{. &"‘

Y RY -5 S

57,76

38.70.

43.6’
FLL3.68
“L3.52

':1.;75

5 " 1.50 'f

L1.75

f"g LL.0x

L4 .86

1604_

TUL5.75

MAY

) e l~3.‘ 3

Y2..72
q20¢

4W2.2t
47.0% |

" k233
- ;..L‘""3>. -
N Yy

OBTAINED FROM MAN[TOBA WATER CONTROL AND CONSERVATION BRANCH
- APR

JUNE
73,44
33,39

32.¥0
-3¢k
3:.95
33,62
3,74

- o ———

. l*}-l(}l}. .

L Ll.E6

40.66
LO 2L

el

33.56

T L33.63
U33.7L

33.63

19,63 -

39.33
33.55

23 Ld

33.79 .
33.77

L33.53

_.3(93 . 33479

03592 _
_35.50

_;351-14 :

27 133.25 L2801 28,26 1 8.3 “27.92 iz.gg
128' 33.65 27.77 , 28.14 Poeg,el | 27.92
29 ; 27,71 . 28.17 e 27482 3436
30 | 2778 | 28,17 . 28.10 oL 27.58 - L 342
_32.85. -w__zwigm".-.mg_,Zo I _“uﬂix"i;_l_JO 62.;ﬂ;;:*- }_3) 92
! ; e ) m.x.}f.)’.xlffli T, e 71.0‘0’* 6-:- x on. A"‘I’LL 25 .
i, - XXXIOOER )
3 JOOLRBLOX o 726,95 ioer X On Kovember 1k < 16_ ____
L wogoseee T T T

900,00

70 G e L EGHT. bpcbtain elevetlion in.fect adbove mes

33.65
B2

33026
23, 17

Tl _33,_63-. ke

33.5L. .

o 33.94
. 33.6h

JULY

33 l\, 3.
3’/)’ ‘.‘“
DAevs L.
32715 .
34413 0 33.69

.33, /3..'__'i.-.35.3o

33.5 A
-33-55.“_ ) -
33.37 .
33.83

33.86 1 33.91 .
33.85 0 33,43,

33. %__? .

33,87

33.93 .
e 3) PJ ;
o 3399

33 33 . o
33.69 . -t

33,70 . -

T.33.78

[FORY AN

¢ & e

RVARSD Bt B 4

i
1]
¢
. 1Cor .
-- —— - -4
iKher &8
- - J— - - gourn
e — 1 e e
Teadetic Survey .of Canzit 3437
" - 4 P a
&djustaert Publicatlicel &0 2Y).



Stavien Name

DEPARTMENT OF ENERGY, MINES AND RESOURCES - INLAND WATERS BRANCH

TABLE X!V (CONTINUED)
DAILY GAUGE HEIGHTS

_ WATER SURVEY GF CANADA

Stetion Mo 0

534921,

fid) AIvisR AT WINNIPeG
. -~

Daily Fle

vetions or Gaouae

Heights in Feet for the Yeor 19 66

T

i Decor ber

2
o - |2

4
1o )

. STRTLISIT( elevation,
Mintmum

XKUY,

d‘lily

726032 fr at -

°n Jan. 2

Fen. 11/¢9

Fev. 12/69
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. VEeoAnImENT Ur ENERGY, MINES AND RESOURCES .- INLAND WATERS BRANCH — WATER SURVEY OF CANADA
e ' -TABLE X1V (CONTINUED) -

1
I
DAILY GA'JCE HEIGHTS \:

,, , . : ) : c s o : t

; : . . - R VAN IV S S ce - ) _ .-

e Station Neme 12"3"7 ?VGB 27 A A S AR ?@’?‘T? Stetien No- (I T OO [
i : Doily Elevotions «=8competic glis in Feet for the Yeor 19_é2 L ) ‘\

Dcyl Jenvery Felrucry Mgrch Apeil May | June July August September Octozer Novembor | Cernmber C-:
VTR T o 7R7. 74 1\ 794. £ 2 _17323.83733.95 1 733.90173%. ] 7 727. 60 | 1
1727 T IR7. 74 | 74449 | 735 /% 1733 .73 733-201734. 17 727 . L 2
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B 707 57 1 738.49 7. 87 . 7493.97 1735 . <57 73+. o/ 774. 0817272. 97 113
Wl7e7 & 1728 .49 1 787.89 | 742 . £3]| 743.54 : 733.59175% /5 | 752. 01767 . 93 R
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PROVINCE OF NANTTOBA
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APPENDIX D. RESULTS OF SLOPE INDICATOR READINGS
(HORIZONTAL MOVEMENT)




TABLE XV
ST. VITAL SITE SLOPE INDICATOR NO. 1
NORTHWARD DEFLECTION IN INCHES

pepTH 1999 1970
(FT.) JAN FEB APR JUNE  SEPT  oOCT DEC FEB JUL AUG  SEPT
: 30 12 2 2 3 4 1 17 6 23 31 28 25
2 -0.186 -0.168 -0.582 -0.534 -0.672 -0.906 -3.228 -3,498 4,074 -4 458 -4.,974 -5,148
I -0.150 -0.126 -0.528 -0.50k4 -0.636 -0.846 -2.904 -3.138 -3.612 -3.954 -4 404 -4.548
6 ~0.114 -0.072 -0.468 -0.468 -0.582 -0.756 -2.50x -2.688 -3.072 -3.372 -3.780 -3.888
8 -0.060 -0.036 -0.408 -0.402 -0.498 -0.642 -1.986 -2.1k2 -2.454 -2,706 -3.120 -3.186
10 ~0.030 -0.018 -0.354 -0.336 -0.384 -0.534 -1.650 -1.788 -2.058 -2.292 -2.640 -2.676
12 ~0.030 -0.036 -0.366 -0.360 -0.408 -0.540 -1.674 ~1.806 -2.094 -2.310 -2.682 -2.712
14 -0.030 -0.036 -0.360 -0.354 -0.402 -0.522 -1,662 ~1.806 -2.100 -2.30k -2.682 -2.718
16 ~0.018 -0.030 -0.366 -0.354 -0.402 -0.510 ~1.644 -1.800 -2.094 -2.286 -2.664 ~-2.706
18 ~0.018 -0.036 -0.372 -0.360 -0.402 -0.504 -1.368 -1.806 -2.186 -2.280 -2.658 -2.706
20 ~0.006 -0.042 -0.372 -0.372 -0.408 -0.504 -1.638 -1.812 -2.118 -2.286 -2.658 -2.718
22 - 0 -0.042 -0.360 -0.372 -0.402 -0.492 -1.632 -1.806 -2.112 -2.274 -2.646 -2.712
24 ~0.006 -0.048 -0.360 -0.384 -0.414 -0.498 -1.650 -1.818 -2.130 -2.292 -2.670 -2.736
26 -0.006 -0.054 -0.360 -0.390 -0.420 -0.504 -1.656 -1.82k -2.1k2 -2.304 -2.66L4 -2.724
28 0 -0.042 -0.306 -0.330 -0.348 -0.438 -1.43L4 -1.584 -1.842 -1.986 -2.274 -2.328
30 ‘0~ -0.030 -0.174 -0.204 -0.204 -0.270 -0.786 -0.846 -0.942 -1.206 -1.182 -1.218
32 +0.006 -0.012 -0.086 -0.132 -0.156 -0.174 -0.41k -0.426 -0.456 -0.492 -0.588 -0.618
34 +0.006 +0.006 -0.036 -0.060 -0.078 -0.090 -0.180 -0.168 -0.180 -0.192 -0.234 -0.252
36 -0.006 -0.006 -0.024 -0.036 -0.048 -0.048 -0.078 -0.060 -0.066 -0.072 -0.084 -0.090
39 0 - 0 0 0 0 - 0 0 - 0 0 0 0 0 - 0

(Slope indicator installed January 13, 1969)
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TABLE XV (CONTINUED)
ST.VITAL SLOPE INDICATOR NO. 1
NORTHWARD DEFLECTION IN INCHES

1970
DEPTH  OCT NOV  DEC
(FT.) 29 26 3 10 30

2 -5.232 -8.888 -9.144 -9,240 -9.582
L -4.632 ~7.686 -7.938 -8.022 -8.310
6 -3.966 -6.366 -6.570 -6.648 ~6.888
8 -3.252 -4.835 -5.010 -5.088 ~5.,274 L
10 -2.742 -3.762 -3.900 -3.972 -4.152 |
12 -2.784 -3.804 -3.942 -4.014 -4.182
14 -2.784 -3,822 -3.966 -4.026 -4.194
16 -2.766 -3.798 -3.942 -4,014 -4,164
18 -2.766 -3.780 -3.930 -4.008 -4.164
20 -2.766 -3.774 -3.930 -4.008 -4.158
22 -2.748 -3.750 -3.912 -3.996 -4.146
24 -2.760 -3.756 -3.924 -L4.,014 -4.132
26 -2.72h -3,750 ~3.906 -4.008 -4.140
28 -2.334 -3.276 -3.384 -3.456 -3.582
30 -1.2}2 -1.572 -1.566 -1.584 -1.,584
32 -0.606 -0.696 -0.702 -0.714 -0.696
34 -0.252 -0.228 -0.234 -0.246 -0.228
36 ~-0.906 -0.066 -0.066 -0.066 -0.066
39 0 0 0 0 0

€6



1969
DEPTH JAN
(FT.) 30
2 -0.126
L -0,096
6 -0.066
8 -0.030
10 -0.036
12 -p,042
14 -0,048
16 -0,054
18 -0.060
20 -0.060
22 -0.072
24 -0,084
26 -0.096
28 -0.096
30 -0.066
32 -0.036
34 -0,018
36 -0.012
39 0
1970
DEPTH FEB
(FT.) 23
2 -4,740
L -4.308
6 -3.834
8 -3.300
10 -2.958
12 -2.982
1 -2 982
16 -2.976
18 -2.982
20 -2.976
22 -2.952
24 -2 964
26 -3,012
28 -2.748
30 -1.620
32 -0.888
3k ~0.420
36 -0.150
39 0

ST.

FEB
12
-0.168
-0.150
~0.138
“0.114
~0.102
=0. 114
~0.120
=0.126
~0. 144
~0. 144
=0.156
=0.162
=0.168
-0.156
=0.096
~0.066
=0.036
-0.012
0

31
-5.196
-4,728
-4, 224
-3.666
-3.246
-3.294
-3.312
-3.324
-3.336
-3.348
-3.354
-3.384
=3.4hk
-3.132
-1.836
-1.026
-0.498
-0.186

0

APR
2
-0.708
-0.630
-0.552
-0.486
-0.450
~0.456
~0.462
-0.480
-0.486
-0.492
-0.486
-0.492
-0.512
-0. 474
-0.306
~0.192
-0.096
=0.030
0

AUG
28
-5.364
-1 .860
-4.314
-3.74k
~3.330
=3.372
-3.384
~3.390
~3.396
-3.402
-3.408
-3. hhh
-3.492
-3.162
-1.836
-1.026
-0.492
-0.1860
0

J

-0
-0

-0.
-0.

-0

-0.
-0.

=0

-0.

-0

-0.

-0

-0.

-0

-0.

-0

=0.

-0

S

TABLE XVl
VITAL SITE SLOPE INDICATOR NO.
EASTWARD DEFLECTION IN INCHES

UNE
2
.666
624
570
510
462
486
L92
4938
510
.516
510
.528
564
.516
360
.246
144
.054
0

EPT
25
2
.908
.356

7kl

.300
. 360
.378
.378
.390
.396
.390
420
.468
.138
.818
.01k
480
74
0

SEPT
3
-0.750
-0.684
-0.630
-0.558
-0.498
-0.510
-0.522
-0.534
-0.546
-0.558
~0.566
-0.582
-0.618
-0.570
-0.408
-0.288
-0.180
-0.078

0

oCT
29
-5.490
-4,988
-4, 416
-3.804
-3.378
-3.414
-3.426
-3.426
-3.436
-3.420
-3.408
-3.438
-3.492
-3.156
-1.836
-1.020
-0.492
-0.180
0

0

-1
-0

-0.

-0
-0
=0
-0
-0
-0
-0

-0.

-0

-0.

-0
-0

-0.
-0.

—0

N

-9

CT

L
.013
.935
846
.732
.648
.654
654
.660
672
.672
660
.678
708
.666
Ry
342
216
.090

0

ov
26
.756
.586
.254
.676
.602
674
.698
.692
.692
.692
.686
.710
.752
.350
.304
146
4186
156
0

DE

-3
-3
-2,
-2
-2
=2
-2
-2
~2.
~2
-2
-2
-2.
-1
-1
-0
-0
-0.

D

1

c
1

.884
.072

718

.286
.010
.040
.046
.052

064

.064
.052
.070

112

.950
.206
.690
.336

126
0

EC

3
.110
.880
.ok
910
.812
.902
.938
.938
.9Lk
.9l

-4.926

.950

-4.986
-4.560

.322
.158
186
. 156
0

17

-3.675
-3.363
~-2.991
~2.535
-2.2h]1
-2.277
-2.295
-2.307
-2.319
-2.325
-2.316
2,334
-2.376
-2.196
-1.338
-0.762
-0.366
-0.132

0

10

-10.230 -10

94

1970
FEB

-4 488
-4.092
-3.648
-3.132
-2.796
-2.820
-2.820
-2.826
-2.826
-2.826
-2.814
-2.826
-2.856
-2.610
-1.548
-0.870
-0.420
~0.150
0

3

-8.994 -9,

-7.596 -7

-6.000 -6.
-4.878 -5.

-4.962 -5
-4.,998 -5
-4.998 -5
-4,998 -5

-5.004 -5.
-5.004 -5.
-5.040 -5.
-5.088 -5.
-4, 626 -4,
-2.328 -2.
-1.164 -1.
-0.480 -0.
-0.156 -0.

0

0

572

306

.884

252
118

214
.250
24k
L2L4

238
214
238
280
812
364
164
480
144
0o -




DEPTH

+0
+0
+0
+0
+0
+0
+0

+0.
+0.

+0
+0

+0.

+0
+0

+0
+0

+0
+0
+0
+0
=0

-0.

-0
-0
-0
-0
-0

-0.
~0.
-0.
-0.

-0.

-0

1969

JAN
30

.120

012
.030
.036
.042
.030
.030
.030
024
018
.006
.006
006
012
.006

012
012

.048
.072
.036
.006
.024
060
.060
.072
.078
.084
.090
102
102
108
108
.120
126
.036

-0

+0
+0
+0
+0
+0
+0

-0
-0
-0
-0
=0
-0

+0

ST.

FEB
12
.168
.030

.024
.036
.036
024
.018
.012

.006

018
.012
012
.006
.012
.024

.006

.078
.078
.084
.090
.090
.120
.126
.138
bk
.150
.156
.162
.168
. 180
.186
. 192
.198
.042

.012.

TABLE XV1!

VITAL SITE SLOPE INDICATOR
DEFLECTION IN INCHES

APR
2
-0.198
-0.078
-0.048
-0.024
-0.012
-0.006
-0.018
-0.024
-0.030
-0.036
-0.048
~0.066
-0.060
-0.060
-0.054
~0.054
-0.060
-0.006
+0.012

-0.528
-0.510
-0.522
-0.534
=0.552
-0.588
-0.600
-0.624
-0.636
~0.642
-0.648
=0.660
-0.666
-0.672
-0,684
-0.696
-0.696
~0.198
-0.006

NORTHWARD

JUNE  SEPT

2 3
-0.138
-0.018

-0.030 - ©
~0.042 +0.018
~0.036 +0.024
-0.036 +0.018
-0.042 +0.006
-0.048 -0.006
-0.066 -0.018
-0.072 -0.030
-0.072 -0.042
-0.084 -0.066
-0.078 -0.066
-0.078 -0.066
-0.072 -0.066
-0.078 -0.078
~0.078 -0.084
-0.018 -0.024
+0.006 +5.006

EASTWARD

- -0.324

- -0.390 -

-0.474 -0.486
-0.552 -0.576
~0.612 -0.642
-0.672 -0.702
-0.690 -0.720
-0.714 =0.750
-0.732 -0.774
-0.744 -0.798
-0.763 -0.882
-0.780 -0.846
-0.786 -0.858
-0.792 -0.870
-0.804 -0.876
-0.816 -0.900
-0.810 -0.894
-0.256 -0.282
-0.006 -0.024

0CT

.246
.060
.036
.018
.006

.012
.018
.024
.030
042
.066
.066
072
.072
084
.090
.024
.012

.396
.408
.516
612
.68k
L 7hh
.768
.792
.816
.834
.852
.876
.888
.89k
.924
948
-936
.276
012

NO.

DEC

1
.336
.162
hh
.126
.120
.126
.162
.180
.192
.204
.216
2234
234
.240
.240
.252
.258
.090

.758
.938
.058
172
.262
.358
412
490
.562
604
.634
.652
.676
.700
.706
748
.664
.870
.036

-3
-0
-0

17

.38k
.156
132
A4
.108
.120
.150
.168
.198
.210
.228
.252
.252
.258
.264
.282
.294
.108
.006

112
154
.292
2
514
.616
.682
.78k
.874
.934
.976
.006
.024
.048
.060
.108
.018
.998
.042

95

1970

FEB

6
-0.306
-0.174
-0.162
-0.156
-0.156
-0.162
-0.204
-0.234
-0.246
-0.258
-0.270
-0.288
-0.288
-0.300
-0.306
-0.330
-0.342
-0.126

-3.198
-3.054
-3.000
-2.976
-3,006
-3.096
-3.174
-3.306
-3.414
~3.486
-3.522
-3.540
-3.570
~3.594
-3.606
-3.654
-3.570
-1.140
-0.054

23

.378
.246
222
.204
.192
.210
246
264
.276
.288
.300
324
.324
.330
.330
.348
.354
.126

450
312
.228
162
.180
.270
.354
492
.612
.684
.726
.756 -
.786
.810
.822
.876
LT7h
.194
.054

Note: Slope indicator was installed January 13, 1969

and failed after February 23, 1970.




TABLE XVIII
TACHE AVENUE SLOPE INDICATOR NO. 1
DEFLECTION IN INCHES

NORTHWARD EASTWARD
1969 1969 1970

DEPTH DEC DEC FEB JUL AUG SEPT ocT NOV

(FT.) 8 16 8 16 24 6 23 31 14 28 14 25 13 29 12
2.2 0.036 0.138 -0.342 -0.732 -1.056 -1.752 -1.992 -3.120 -3.072 -3.054 -3.048 -3.372 -3.390 -3.396 -3.396
.2 0.054 0.150 -0.360 -0.774 -1.134 -1.842 -2.070 -3.270 -3.296 ~3.240 -3.234 -3.474 -3.510 -3.510 -4.050
6.2 0.066 0.174 -0.384 -0.816 -1.212 -1.938 -2.154 -3.426 -3.426 -3.438 -3.426 -3.588 -3.624 -3.624 -4.170
8.2 0.054 0.156 -0.414 -0.852 -1.260 -2.004 -2.220 -3.564 -3.564 -3.570 -3.570 -3.714 -3.74k -3.738 -4.290
10.2  0.060 0.162 -0.438 -0.888 ~1.308 -2.088 -2.316 -3.708 -3.708 -3.714 -3.720 -3.846 -3.876 -3.864 -4 428
12.2 0.072 0.168 -0.462 -0.930 -1.362 -2.202 -2.436 ~3.882 -3.876 -3.882 -3.894 -4.008 ~4.038 -4.020 -4.602
14,2 0.072 0.174 -0.480 -0.984 -1.440 -2.346 -2.592 -4.122 -4.116 -4.110 -4.128 -4.224 4,254 -4.242 -4,830
16.2  0.078 0.186 -0.504 -1.044 -1.536 -2.538 -2.802 -4.422 -4 Loh -4 4Ok -L 416 -4, 49k -4 518 -4, 524 -5.118
18.2 0.078 0.192 -0.498 -1.032 ~1.518 -2.502 -2.760 -4.350 -4.326 -4.326 -4.332 -L.416 -4 434 -4 434 -5 0L6
20.2  0.066 0.162 -0.456 -0.942 -1.386 -2.250 -2.490 -3.882 -3.864 -3.870 -3.882 -3.942 -3.954 -3.966 -4.530
22.2  0.012 0.066 -0.318 -0.660 -0.984 -1.542 ~1.716 -2.634 -2.610 -2.628 -2.640 -2.652 -2.682 -2.682 -3.066
2k.2 -0.018 -0.006 -0.132 -0.288 -0.456 -0.660 -0.738 -1.092 -1.074 -1.092 -1.122 -1.098 -1.134 -1.110 -1.284
26.2 -0.012 -0.018 0.018 0.036 0 0.072 0.072 0.234 o0.234 0.222 0.186 0.234 0.198 0.234 0.216
28.2  0.006 0.012 0.048 0.078 0.060 0.150 0.162 0.342 0.318 0.32h 0.288 0.336 0.312 0.336 0.330
30.2  0.012 0.024 0.036 0.066 0.048 0.114 0.132 0.276 0.246 0.252 0.234 0.270 0.240 0.270 0.264
32.2 -0.006 0.006 0.02% 0.042 0.030 0.060 0.078 0.180 0.156 0.162 0.150 0.174% 0.14% 0.174 0.162
34.2 -0.006 0 0.006 0.012 0.006 0.018 0.024 0.078 0.060 0.066 0.060 0.072 0.066 0.072 0.072

O

o

Note: Slope indicator was installed Dec. 1, 1969 and failed after Nov 12, 1970 by
becoming blocked (pinched off) at the 25 foot depth.



NORTHWARD
1969
DEPTH DEC
(FT.) 8 16
1 0.003 0.384
3 -0.003 0.276
5 -0.021 0.168
7 -0.033 0.060
9 -0.057 0.006
11 -0.057 -0.012
13 -0.057 -0.012
15 -0.051 0
17 -0.057 0.006
19 -0.057 -0.006
21 -0.048 -0.006
23 -0.036 0
25 -0.018 0.024
27 -0.006 0.042
29 -0.006 0.036
31 -0.006 0.030
33 -0.012 0.024
35 -0.012 0.018
37 -0.012 0.012
39 -0.018 0
41 -0.030 -0.012
‘43 -0.02% -0.006
45  -0.006 0
1970
DEPTH MAY JUNE
(FT.) 22 12
1 -6.492 -6.606
3 -4.914 -4,962
5 -3.348 -3.330
7 -1.776 -1.818
9 -0.732 -0.756
11 -0.078 -0.120
13 0.186 0.144
15  0.210 0.174
17 0.138 0.108
19 0.063 0.024
21 0 -0.024
23 -0.024 -0.048
25 -0.036 -0.060
27 -0.024 -0.042
29  0.006 -0.012
31 0.030 0.006
33 0.036 0.018
35 0.030 0.018
37 0.012 0
39  0.006 -0.012
41 -0.006 -0.012
43 -0.006 -0.018
45 -0.006 -0.024
Note:

E
]
D

OO0 0CO0O0OOCO0OOOO

-0

J

ASTWARD
969
EC

TABLE XIX
TACHE AVENUE SLOPE [NDICATOR NO. 2
DEFLECTION IN [NCHES

8 16

516 -1
Jho2 -1,

.300 -0.
.204 -0,

.048 =0,
.036 0
.060 0.
.048 0
.024 0
.018 0©
.018 -0
.012 -0
.012 -0.
024 -0
.036 -0.
042 0
.048 0.
.048 0
.08

.030 -0,
.018 -0
0 -0
.006 -0

.048

.090
.042
012
012
.012

.018
.006
.012
.006

.006
.006 -0

.368 -2

116 -1
870 -1
588 -0
174 -0

114

018
006
012

0
006 -

jeBoBoNoloNoNoNoNoNoloNolNololNoNo)

. EASTWARD
ULY  AUG

31 1
.218 -7.
478 -5,
.762 -3
046 -1
.888 -0
.210 -0
.060 0.
.084 0.
.024 Q.
.048 0
.108 -0
.120 -0
A1k -0
.096 -0
.060 -0
.036 -0.
.024 -0
.018 -0
.030 -0.
.048 -0,
.054 -0
.042 -0.
024 -0

L
098 -7
370 -5

.648 -3
.932 -1
774 -0
.084 -0
180 0.
198 0.

120 0

.030 -0
.048 -0
.066 -0
.078 -0.
.066 -0
.048 -0
030 -0.
.012 -0
.012 -0.

024 -0
042 -0

.030 -0
024 -0.
.030 -0

1976

FEB
24 6
.064 -3.390
.680 -2.802
.308 -2.220
.900 -1.554
.258 -0.44}4
.096 0.150
.210 0.330
.186 0.288
.120 0.180
.084 0.108
.060 0.072
.042 0.054
.018 0.030
.012 0.036
.036 0.060
.054 . 0.078
.054 0.08%
.048 0.078
042 0.066
.024 0.036
.012 0.024
0 0.006
.006 -0.006
SEPT
28 14
.128 -7.470
.394 -5,598
.702 -3.738
.980 -1.872
.828 -0.606
.150 -0.102
120 0.354
138 0.354
060 0.270
.030 0.168
.078 0.114
.096 -0.078
102 -0.060
.084 0.066
.060 0.084
036 0.090
.024  0.096
024 0.084
.048 0.054
.060 0.018
.060 0
048 -0.006
.024 -0.006

-1

_.7.

-6
- )
-2
-0

-0.

0
0
0

-0.

-0

-0.

-0
-0
-0
-0

-0.

-0
-0
-0
-0
-0
-0

23

.822
.240
634
.936
.696
.024
.180
.138
024
.042

072

.078
.078
.060
.036
.012

0

0
.006
.018
.02k
.02
.018

25

980
.060
.152
2h4
-930
186
.084
.096
.018
054
.090
108
Ak
.096
.066
.036
102
.012
.024
.030
.018
.012
012

Slope indicator was installed Dec 1, 1969
by becoming blocked (pinched off) at the 8 foot depth.

APR

-5,
-k

0

-0
-0

-0.
-0.
-0.
.078 -
—o.

-0

-0
-0

~0.

-0

-0.

-0

-0.

27

178
096
.018
914
.798
.120
.150
.156
.042
.024
.066
.078
.078
.060
.036
012

0

.006
.024
.024
.030
.030
.030

CT

13

.058
012
.152
.190
.906
L7k
.090
.096

.018

.054
.096
114
120
114

0kh2
.030
.024
024
.036
048

.042
030

MAY

-5,
-4,
-3,
.830

-1

-0.
~0.
. 150
.168
.072

1

760
Lo
114

768
114

0

.048
.066
.066
.048
.024
.006
.006
.006
012
.018
.024
012
.006

29

.004
.054
116
172
.864
.138
hh
.150
.072
.012
.060
.078
.072
.060
.036
.012
.006

0

.018
.036
.0h42
.036
024

97
7
-6.060
-L4.626
-3.186
-1.734
-0.690
-0.042
0.222
0.240
0.150
0.072
0.024
0.006
0.006
0.024
0.042
0.054
0.060
0.048
0.024
0.006
-0.006
-0.012
0
NOV
12
-8.880 -11
-6.744 -8
-4.620 -6
-2.496 -4
-0.948 -}
-0.120 -0.
0.132 0
0.114. 0
0.024 0
-0.060 -0
-0.108 -0.
-0.126 -0.
-0.126 -0.
-0.108 -0.
-0.066 -0.
-0.030 -0.
-0.012 -0.
-0.006
-0.012 -0.
-0.030 -0.
-0.030 -0.
-0.024 -o0.
-0.018 -0.
Nov 19,

and failed after

19

.100
874
594
.170
374
030
.276
.180
012
.060
102
120
126
114
066
030
006

006
024
024
024
018
1970




DEVIATION IN RESULTS OF ANALYSES ASSUMING
VARIQUS DISTRIBUTIONS OF TOTAL WEIGHT BETWEEN BLOCKS

TABLE XX

86

CASE ASSUMED DlRECTlON OF VERTICAL FORCES ST. VITAL SITE . TACHE AVENUE SITE ;
ON SIDES OF CENTER BLOCK ADJUSTED BLOCK WEIGHTS, KIPS| A@A*, ADJUSTED BLOCK WEIGHTS, KIPS A@A,
| W] W2 W3 DEGS. W] WZ W3 DEGS.
JoriGINAL "\Q\\ 134 372 185 0.0 | 61.4 109.0 85.0 0.0
——~
- 1 |
1 v 121 Lok 166 0.7 55.3 123.6 76.5 0.1
_d '
2 ' DF\—'>\ 121 366 204 1.4 55.3 106.6 93.5 1.7
—-c -
3 ﬂ:’F—’\ 147 340 204 0.7 | 67.5 9k. 4 93.5 0.1
_\QDL‘>\ |
4 - 147 378 166 1.4 67.5 111.4 76.5 1.9
] ]
NOTE: 4@, is the deviation in ¢, from that found using unadjusted (original) block weights.




APPENDIX E. DEFINITIONS OF TERMS USED




100
DEFINITIONS OF TERMS USED

The following terms are commonly used in the field of soil
engineering.
Cohesion That component of shearing resistance which is

independent of the normal forces acting on a shear plane.

Direct Shear Test A strength test in which the soil specimen
is enclosed in a split box and is forced to shear along the plane
dividing the two halves of the box.

Effective Stress The component of stress which is transmitted

through the soil skeleton by means of grain-to-grain contact.
(a simplified definition)

Failure Zone The soil mass which moves as the result of a

slope failure.

Friable Having the property of being readily crumbled into

small nuggets.

Hydrostatic Force The force exerted on a soil surface by

free water.

Intergranular Frictional Force The force transmitted

through frictional interaction of soil grains due to an induced tendency

to shear.

Neutral Force The force exerted on a soil by its pore water.

Neutral Stress The component of stress which is transmitted

through the water contained between soil particles.

Nuggety Consisting of discrete small polygonal fragments.




