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This thesis is a study of data obtained for two unstable river

banks in the Metropoliltan l.{înnipeg area. Records of slope movements and

ground water pressures are presented, as obtalned în the fleld by means

of slope indicators and piezometers. . These provide previousl¡ unavailab-

le information regarding pore pressures and bank movements varying with

time.

The shape of the slip lîne was estimated from slope [ndicator

readings and observatîons of surface cracking. Residual shear strengtl'r

parameters were found from dÎrect shear tests performed on clay samples

from each site.

A simpl ified method of slope stabi I ity analysis was developed to

permit ready analysis of piezometer data obtained at frequent interyals

of time. A computer progrêm was prepared to process ttre large amount of

data obtained. The analysis permits a correlation of shear strength. par-,

ameters .required for static equi.librium of the r'[ver banks at var'[ous

times of the year. Th.e strength parameters required for equil ibrium in the

field, for times of impending'slope movements, were found to fall w[thin

the range of residual values as determlned in the laboratory by direct

shear tests.

SUMMARY



CHAPTER t

tNTB0DUCT tt0N

over the years, there has been an increasing demand to develop

river bank areas Ìn the Metropol itan l{i.nnipeg area. I'Jith increased pop-

ulatiohr greater,use has been made of the banks for apartments, bridges,

pipe I ine crossings and parks. Areas previously deemed unsui.table for

construction are now receiving considerat'ton for development.

A lack of adequate datar parti.cularly with regard to pore press-

ures, is the cause of considerable uncertainty in analyzing the stabili-

ty of the river banks. Uncêrtainty has also exîsted in knowing the act-

ual configurations of existing failure surfaces, shear strength Paramet-

ers, and when slope movements occur.

The locations of the two sites studied, namely the Tache Avenue

and St. Vital sites, are gîven in Figufe l. Data on pore pressures and

slope movements had been previously obtained on the river bank at the

St. Vital site for a limÎted time only. lt was decided to continue

monitoring this site with additional instrumentation to provÎde more

detail. To give a more general basis for analysis, a second site (Tache

Avenue) was Selected and instrumented. For both sitesr poFe Pressure

and slope indicator readings were obtained for a full cycle of winter,

spring, summer and fall conditions.

GENERAL DESCRIPTION OF THE STUDT
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A simple means of analysis of fa¡ì.¿ U"nt.s was developed to permit

an appropriate correlation of pi'ezometer readlngs, river levels, slope

movements and shear strength parametersrk.

[t was real lzed that with only trvo banks investigated, the res-

ults of the study should not necessarily be considered typi'cal for all

river banks în the WinnÌpeg area. A limited number of laboratory tests

were performed to determine residual shear strength parameters. The

complete range -for these parameters might not have been establ ished.

Although it is an important factor, the variation in river bank prof-

ile at the toe of each bank due to scour and silting duri.ng flood stage

was not included in the present study. The numerous soundîngs required

for such a record were considered to be beyond th.e scope of thîs th.esis.

Cháptei il. A rev'tew is made of previous approaches to tlre prob-

lem and their limitations.

Chapter lÌ1. The data are descr'Lbed. Details of fi:eld instrum-

entation and laboratory test'tng 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 stabil ity analysis technique using ful I residual shear

I I ORGAN IZAT l:ON OF THT TI-IES I]S

:k Some of the
eer i ng are def i ned i n

te rms conlmon ly used in the f i'e I d of so i I eng Ì n-
Append i'x E.
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strength is presented, together with graphical i I ìustrations of the results.

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

are rnade ttrrough cons iderat ion of the f indings.



THE HISTORY AND

ANALYS I.S I]N

The soil profile în the Hetropolitan VJinnipeg area has been

previously described by Baracos [l)'1. Topsoil is usual ly encountered

to a depth of up to one foot. This is successlvely underlaÌn by three

dist¡nct clay units, namely; orown clay,,mottled brown and grey clay,

and grey clay. Silt layers ranging from several inches to several feet

in thickness are sometîmes found within the clay or at surface. The

clays usually have a laminated structure. To a depth of approxlmately

six to eight feet the structure is nuggety, trîable and sometlmes sl[cken-

sided in addîtion to being laminated. This structure îs lÌkely due to

frost action and weathering.

The grey clay, which îs found beneath the mottled brown and grey

layer, usually contains small silt inclus[ons whîch become larger and

more numerous wi th depth. S î I ty glacial ti ¡ I [s normal ly found

immediately below the grey clay. The till îs often sof t within th.e

top two feet. lnclusions of grey clay are sometimes encountered in

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

CHAPTER I I

PBESENT STATUS

THE METROPOL lTAN

DESCRIPTTioN oF sQfL CONDtTIoNS

OF SLOPE STABILITY

IrllNN IPEG AREA

I isted tn
Numbers in brackets refer to the corresponding reference
the b Ìbl iography.
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Limestone bedrock general ly underl ies the til l. Sonr"aimes the'til I

layer is ahsent and tlr-e grey cra¡ rests dî rectly on the bedrock.

The clays, glaciolacustrtne in orîgin, were deposited by

sedimentation în the former Lake Agass i.z. .The yariatÌon în color with
depth is suspected to be due to oxidatlon of the clay mi:nerals. The

upper layers are characterized by the rich brown color of ferric
oxides. The color becomes grey with depth, i'nd[cating the presence of

ferrous oxides due to încornplete oxidation.

Th.e most împortant soîls from the vîewpoint of slope stabillty
are the clays, since thls rs the materi)al wLth¡n which slope failures
usually occur. A high content of montmorillonîte has been found ln
vJinnÎPe9 clays. Quigley (to¡ found that the clays contained about 80

percent montmorillonîte-illite w'tttrin the clay size fraction. Their

pìasticity is generally high, with a prastîcity index of approximateìy

6O tl). The acrivity rarlo, defined as rhe ratio of plasriciry index

to percentage of minus two micron sizes (z), is found to be approxlm-

ately 0.75 to 1.0. This flgure is arrÌved at by assuming the plasticiry
index to be 60 (l) and the percentage of minus two mlcron sizes to.vary

between 60 and BO as found by Quigley (tO¡.

The analysÌs of

(B). (n order to perform

been made to render them

II PREVI.OUS APPROACHES TO ANALYSI'S

slope stabi I ity i'nyolves starical indeterminacy

such analyses, simpl ifying assumpt[ons have

statiÇal ly determinate. The approaches to s lope
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stabi I i ty vary in the nature of thei r s impl ifying assumptions.

The approaches to slope stabil i ty analysis discussed herein

involve the assumptior- of a failure zone in the shape of an înfiniteìy
long cyl inder of unÌform cross section. ln section, the fai lure zone

is bounded by a slîp line consistîng of a circular segment along which

the slide tends to move. The assumptlon of infÌnîte length makes the

problem a two dimensÌonal one. A sectÍon of unît wÌdth, taken perpen-

d'icular to the bank, can be used for analysis. The forces acting on

the cut faces of this section can be îgnored, since thîs is a plane

strain conditÌon

.: l .'., ,:: .,. i ..
Tayloris fricrÌo[ cÌrclê method (16). The actuating force

vectors are considered to be th.e total wetghrt and the resultant 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 surface are assumed to

act at an obliqu'{tV of of,t. Hence threir lineE of action are all tan-

gent to a smaller c[rcle havt'ng the same center as the sl ip surface.

This smaller cîrcle is called the f ricti'on circle. The approxi.mation

is made that the resultant intergranular force actîng on the entire

slip surface is also tangent to the friction ctrcle. The existence of

tension cracks at the top of the bank ls usually îgnored, or taken care

of by using a simpìe reductîon in ayerage sh.ear strength.

'k Symbols used in the text are defined in the List of Symbols.
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As a resul t of the assumptions, the problem becomes statical ly
determinate. The solution for the safety factor wlttr respect to soil

strengtl'r- is accomplisl-Led by a consideration of moment equil ibrium

about the center of the slÌp circle.

Taylor (te¡ analyzed a large number of cases by means of th-e

friction circle method and devised a chart of stabÌlîty numbers from

the results. This chart facil itates the solution of safety factors for
slopes of a standard cross-sectional shape, such as the one shown in

Figure 2. Bank height, slope angle and assumed soil strengtLr parameters

are required in using this method.

Methods of :l ¡".s. The sotì wirhin tLLe fa'tlure zone îs dlv.ided

into elements cons ist ing of vertlcal sl ices. An attempt to solve tlre

equi I ibrium of forces yields one stattcal lndeterminacy per sl îce.

There are four unknown forces acting on each element, Þ'tlile only. tLLree

equations of static equîl ibrium are ayailable for thelr solutîon.

Th.e Fellenius solutÌon (tZ) assumes that the lateral forces

acting on each slîce 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 soìution for the

soil mass as a whole can be obtained by consîdering moment equilibrium

about the center of the sl ip surface.

B îshoprs method of s I ices ß) îs more rîgorous than the above.

It utilizes the concept that the sum of vertical components of lateral

forces for all the slices îs equal to zero. A trial and error procedure
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is necessary for evaluation of the safety factor. A simpl ifîed version

of B ishoP's method assunies that the surn of the l atera I forces act i ng on

each individuaì slice îs equal to zero. L¡rtle and price (7) have devel-

oped a computer prograrn which solves for the safety factor by means of

trial and error convergence using Bîshoprs simpl ified method.

SLrear strength parameters. Al I tlre methods' d îscussed so far

can be used for effectîve stress analy.ir or total stress analysis. [n

the case of effective stress analysis it is necessary to either assume a

pore pressure.distributîon or actual ly determine this distrihution by

means of field înstrumentatÌon. When totaJ stresses are used, knowledge of

pore pressure distribution is not requîred.

Tlre peak sh.ear strength parameter, "l and o' are normar ly used' p p---
in the ef fectÎve stress approach, for flormal ly consolidated clays 'tn whlch

no previous failure has taken place. These parameters can be evaluated

by means of tests, such as trîaxïal compress'ton or dÌrect shear, on soîl

samples. They are derived from the maximum shearing resistance of the

soil .

ln the total stress analysis of clay slopes, frictional strength

is assumed to be zero and cohesi'on i:s constdered to be the only strength

component resisting slope movement. That is, the undraÌned strength is used.

This approach is just if ied when the slope bei'ng analyzed is composed of

relatively impermeable clay and the short term stability is being sought.

ln such a case the undrained cohes[on, cr, can be used. Thi, p"rameter can

be evaluated in the laboratory by means of rapid shear tests such as direct



shear, unconfined compress ion, or

Baracos (l) and Sutherland

duced value of undrained strength

by means of total stress analysis.

onunehded was 500 pounds per square

that were analyzed.

l0

undrained triaxial tests

(15) recommended the use of a re-

for eval uat ion of long term stab i I i ty

The value of cohesion they rec-

foot, based on several bank sections

The various classical methods of analysis that have been des-

cribed are used successfully în many areas of the world. Results ob-

tained f rom the anaìys is of river banks in the Metropol itan Vl'tnnipeg

area, however, have sometimes been ùîsleading. River bank fai lures

have occurred in areas where analyses of slope stabil ity indicated that

these banks were stable.

The method of total stress analysis using a reduced undrained

strength value, 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 analyses using peak shear strengths (l). Because

it does not take pore pressures into account, there wiìl always be some

uncertainty involved in the results of this analysis. Baracos (l) sug-

gested that implied or computed safety factors of even 1.5 could be con-

sidered unsafe.

I I I L II'l ITAT I ONS OF PREV I OUS APPROACHES

Configuration of thg sl ip I ine. Baracos (l) noted rhar rhe sl ip

line is usually an approximately circular arc somewhat flattened at its



il

base, where it becomes tangent to the till or bedrock. This shape can

vary considerably, as evidenced by the points of known slip determinecl

for the St. Vital site în this studyr shown in Figure 7. The circular

arc assumpt¡on is not always appropriate.

Methods have been devised (5, 6, l3) whereby the classical ap-

proaches to stability analysIs can be used with an assumed slip I ine

having the shape of a logarithm[c spiral. An attempt to fit such a curve

to the St. Vital case was unsuccessful.

Morgenstern and Price (9) developed a stabil ity analysis by which

irregular shapes of slip lînes could be incorporated. ln this method the

equations of static equi I ibrium are satisfîed, various pore pressure

distributions can be utilized, and any shape of slip line can be assumed.

It is essentÎally a method of slÌces în whîch the vertical interslice
forces are considered to vary as an arbitrarily assumed function of the

horizontal intersl ice forces. This method has the drawback of being com-

plicated and difficult to use. For the sake of expedlency of calcula-

tion, the decision was made to exclude thís method from the study and to

utilize a simpler metlrod which also takes into account measured pore

pressures and uses a s imple geometry to approximate 'the fai I ure surface.

This was done since a large number of slope stability anaìyses had to be

made, as can be seen in Appendix A.

Tension cracks fiìled with water can have 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



in this study.

in effective stress analyses. Accurate knowledge of these

if results are to be real istic. There is a necessity for
study of pore pressure distributions in the rîver banks of

trlinnipeg area. wîthout accurate pore pressure data, slope

culations wi I I continue to be unrellable.

Pore pressure d istribut îor1. Pore water forces are

shear strength pgrameters. Total stress analys is us îng a re-

duced cohesion is not reliable because it îs too empíricaì an approach.

It could yield excessively high safety factors in some cases, or be

excessively conservative in others becauge of the uncertainty involved

in choosing a reduced cohesion value.

Effective stress analysis, using appropriate shear strength par-

ameters would be more real istic. Skempton (f f¡ found, from his studies

of London clay, that the shear strength parameters decrease from the

peak strength values after initial fai lure. The results of large strain
di rect shear tests indi cated that eventual ly the cohes ion approached a

small value close to zero and the friction angle approached a constant

lower value, which can be deflned as the residual friction angle. He

suggested that subsequent movements of clay banks after initial fai lure

are controlled by residuaì strength parameters, rather than by peak

values. Thìs appears to be verîfted for banks in the Ì,Iinnipeg area.

The use of peak strength parameters has yielded unreasonably high safety

l2

a key factor

is requi red

an extens i ve

the Metropol i tan

stability cal-
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factors for the assumed pore pressure distributions (r5), suggesting

that these parameters are too high.

Baracos (r) suggested that the wînnipeg river banks were orig-
inally extremely steep when the river channels were formed. Subse-

quent fai lures occurred, reaving old sl ip I ines. soi I strengths along

such slip lines are low. These slip lines are difficult to detect from

test borings because the soir above and berow the srip rine was reft
intact. 0ld failures have been masked by surface weathering and veg-
etation.

l.n his letter to VJ.

Casagrande (4) stated that

subsidence of river levels

manently weakened.

Consideration of the above points leads to the conclusion that
effective stress analyses should general ly make use of res idual, rather
than peak, shear strength parameters in areas where failures have oc-
curred in the past' lt is likery that many areas arong these banks have

old slip lines, as yet undetected, along which the strength has been re-
duced.

IV METHOD OF ANALYSIS EMPLOYED

D. Hurst, City Engineer

al I major recent fai lures

after severe floods. The

In

the shape

d i cators.

of l'/ inn ipeg ,

occurred dur îng

clay was left per-

the method employed, an attempt was made to approximate crosery

of the existing slip lines, as înterporated from the srope in-

Pore pressure distributions used were interpolated from pore



pressure readings,

studied was assumed

ers.

configuration of the sr ip I ine. A probable curved sl îp I ine

for each site was estinrated by interpolation between points of known

slip such as slope indlcator rocations and visible sur.face cracks. A

reasonably close fit for each slîp line was found to be a serîes of three
straight lines, as illustrated in Figure 2. A tensîon crack was in-
cluded for one of the sîtes, since this crack was observed in the fierd.
The failure zone was divided into a system of three sliding blocks with
vertical interfaces to faci I itate the analys is. The geometry of the

sliding blocks was taken to fit the assumed slip pattern, based on the

slope indicator data and observed surface movement.

as determined in the

to be controlled by

t4

field. The stabiliry of rhe sites

residual shear strength. paramet-

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 J

and 4' respectively. Readings of pore pressure were taken, often at
weekly intervals, during 1969 and 1970. The ¡ntention was to analyze

the stability of each site as ît varied wîth time using pore water forces
determined by ¡nterpretation 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 equipotentiaì I ines are shown

Pore pressure d istributio¡. Field instrumentation to determine
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in Figures 5. I to 5.4 and 6. I to 6.4 pore pressure heads were

determined at points where the equipotential lines crossed the lower

boundary of each sl iding brock, by subtractrng elevation head from

total head. The pore pressure heads at each of these points was rep-
resented graphically by a vector of suitable length acting normal to
the surface. A smooth curve wâs drawn joining these vectors, thereby
estimating the distrÏbution of pore pressure heads acting on the lower

surface of each sl iding block. Resultant pore water forces were then

determined by estimating the areas bounded by these pore pressure dis-
tributions.

lhear strength parameters. Consîderîng that the banks selected
for study already showed signs of instability, It was consîdered ap-

proPriate to approach the problem înitially on the basis of using resid-
ual shear strength parameters (t t¡. The fol lowing cons îderations also
tended to justify this approach. The presence of old sride planes prop-

osed by Baracos (l) and Casagrande (4), certainly must have reduced the
strength ro something below the peak value. Terzaghî and peck (17)

proposed that strength loss could even occur in banks that had not prev-
iously fai ìed. progressive fai lure 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-
c I uded.

The values of cl, as obtained from raboratory tests, were rerat-
ively small. As shown in Tabre l, "l *u. found to vary between 0.0 pounds



per square inch, and 1.5 pounds

0./ pounds per square inch. The

the cohesive force was zero.

per square inch, with an

conservat ive assumpt ion

l6

average of

was made that



The locatÎon of some rîver bank slide areas in l'ietropol îtan

tr,/innipeg, af ter Baracos (t), are shown in Fi'gure I. Locations of both

s i tes studied by the wri ter are indicated on this figure.

The St. Vital sÎte was studied because partÌal pîezometer data

dating back to 196?were available for this sïte. These data are given

in Table Xt. van cauenberghe (ta¡, had studîed this bank previously,

and two slope indicators and ten pîezometers had been installed in con-

junction with the study. subsequently, three addîtîonal pIezometers

lvere installed and the taking of readings at all the pîezometers was

continued.

The Tache Avenue sîte 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 soîl and water condltions at each site
might yield some relevant informat'ton regarding slope stabil ity of

river banks in the Metropolitan I,/innÍpeg area.

CHAPTER I.I I.

FIELD AND LAI]OBATORY PROCEDURES

FTELD I:NSTRUMENTATION

Slope indicators. The slope indicators, obtained from the Slope

lndîcator company of Seattìe, have an outsïde casÌng diameter of 3.lB
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inches. The casing has four equal ly spaced longitudinal grooves wh.ich

serve as guides for the slope indicating probe that is lowered down the

casing. The probe is approximately I.5 feet long and 2 inches in diamet-

er. lt has two sets of wheels, sprÌng roaded, úich run in opposite

l ong i tud i na I, g rooves of the cas ing.

An instrument consisting of a wh-eatstone brldge ci rcuit is con-

nected to the probe by a cable. lnside the probe, formîng part of the

circuit, is a pendulum which ís electrically wîred so that the wheatstone

bridge must be re-balanced each time the probe is at a dîfferent inclin-
ation. The balancing procedure for the wheatstone bridge yields read-

ings which are proportional to the sìope of the probe, hence these read-

ings also indicate the slope of the casing as the probe îs lowered to

various depths

The changes in horizontal position of the casing ôt various times

after instal lation are determined by numerical Iy lntegrating 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 calculatÎon of horizontal movement at varîous depths

in the casing makes use of the assumption that the bottom of the cas-

ing does not move.

The casings were installed in hoJes bored vertically into the

banks at desired locations, to depths that would ensure proper seating

in the stable glaciaì till. Th.e holes were back-f illed around the

casings wîth bentonite grout to ensure a snug fit în 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 ttre pneumatic Thorpîezo piezometer.

The casagrande stand-pipe piezometer consîsts of nyìon tub[¡g
installed to a desired depth. A porous tip at the bottom facilitates
the flow of ground water [nto or out of the tublng so that the water

level can indicate ground water pressure at the porou, tip. In reading

the piezometer, a two wire cable is lovrered down the tubîng. The cable

is connected to a galvanometer and a battery at ground level. V/hen the

bottom end of the cable makes contact with the water surface in the

tubing, the galvanometer indicates electrIc current. The position of
this water ìevel can then be recorded accordîng to the length of cable

lowered down the tubing.

The tip of the pneumatic Thorpiezo pîezometer consists of a

weì l-point containing a closed dîaphragm and valve system. A cable con-

taining three strands of nylon tubÌng 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 aîr pressure coming back up through the

second I i ne.

when the air pressure at the diaphragm in the tip [s equal to
the ground water pressure, a valve în 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 Thorpiezo piezometers has several advantages over

the use of stand-pipes. Because a Thorpiezo is a closed system, very

little f low of water is required to r.egister pore pressure changes and

thus the piezometer responds quickly to pore pressure changesr'even in

relatively impermeable clay. Thorpiezos do not freeze in the winter,
since water in the system is conflned to the well-point tip. [nun-

dation of a site by hígh water revels does not prevent reading of

the piezometers, since the tubing from all the pÌezometers can be led

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

The st. viral :-tlg. A cross-section of the bank showîng loc-

ations of slope indicators and piezometers îs presented in Figure J.

The logs of two test holes are also shown. The slope indicators were

seated in hard till to provide reference points of zero movement at the

bottom of each cas ing. Piezometers were placed at locations which would

faci I i tate the determination of equipotential I ines throughout the bank.

stand-pipe and pneumatic pIezometers were both used. The bank at

st. vital is shown in photograph l. The piezometer data are shown in

Table Xl. Slope indicator data are presented in Tables XV, XVI and XVll.

The Tache Avenue sitg. The cross-section showing piezometer

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

test holes are also shown in this figure. The tips of slope i.ndicators
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No. I and No. 2 were seated in firm till and hard till, respectively.
As evidenced by subsequent srope indicator readÌngs, seatrng for both
was adequate. Because of the advantages previously cîted, pneumatic
piezometers blere used exclusively at thls site. Th.e piezometers were

located so that the configuration of the equipotential lines could be

estimated within the failure zone and especially Ìn the vicinity of the
slip line. Photograph 2 shows the bank at Tache Avenue. piezometer

data are presented in Table xtI and slope îndicator data are presented

in Tables XVi I I and XlX.

TypÎcal samples of undisturbed clay from the banks were tested
using shear boxes similar to those used by skempton (g). The test set
up is shown în photograph 3

ln most cases each rrundisturbed'r thinwal I tube sample selected
for testing was divided into three test specimens which were tested
separately' Each of the three specimens was consol idated at a different
normal stressr rangïng from r0 to 30 p.s.i., prior to testing in direct
shear. The rate of shear was kept constant at approximately .oo5 inches
per hour. This srow strain rate was used so that pore pressure buîld-up
during testing would be negl igible and eifective stress conditions would
be preserved. The shearing force induced by the movement was usual ly
recorded at one hour intervals. After the shearing dispìacement had

reached 0.1 inches, a reversed stra[n was applied to return the sample

II DTRECT SHEAR TESTS
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to its original conf iguration. Forward shear r^ras then repeated for
a displacement of 0.1 inches. samples were subjected to ten such cycles
of shear, to give a cumulative shearing movement of l.O inches.

lrregular shear planes were often found to have deveìoped, caus-
ing excessive variation in shear force with d[splacement. That is, the
shearing resistance of specimens after large strains had taken place
fluctuated instead of approaching a constant resÌdual value. The

fluctuation was suspected to be due to the rough surface of fairure,
varying about l/8 inch in rerîef between peaks and hollows. such a

rough shear plane is shown in Photograph 4. The irregular variation in
shearing res istênce wi th displacement after large total straIns had

taken place caused difficulty ¡n.rtimating residual shearing resistance.
This problem was substantiar ry reduced in subsequent tests by cutting
smooth shear planes lvith 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 fai lure planes seemed to reduce

the variation in test resurts. That is, the range in o; for pre-cut
samples is 8.3'to 9.5o, while fe¡ samples with irregular shear planes

the range is B'0'to 13.0'. A similar difference in ranges is observed
l¡

for c*. The over-all range în oi was found to be B.0o to 13.0o and
I

that for cR was 0.0 p.s. i."c to r.5 p.s. i. These resuìts are shown in
Tab Ie l. .

* Abbreviations used Ìn the text are defined in the Llst of
Abb revi at i ons .



SAMPLE DESCRI PTI ON S ITE EPTH

FT. )

CHAI NAG
(rr.¡

E SAMPL

I ru0.
PEA

ø;
DEGS.

K

P

PSI

ìES I DU

lø; I

I ores I

AL
ci
PSt

COMMENTS

H I GHLY PLASTI C MOTTLED
BRO\IN AND GREY CLAY

ST. VITAL il.0 I +30 SH. I 9.0 o.B Sample pre-cut
for fai lure
6 sheared during
consol idation

ST. VITAL ì t.0 l+47 sH-203 I 8.5 r.5 I 3.0 0.5 I rregular shear
o I anes observed

TACHE AVË. r6.0 0+68 T-3 r 8.2 r.B 8.3 0.6 S amp
fina

es cut for
failure

TACHE AVE. 2l .0 0+6u T-4 22.0 0.4 9.5 0.0 S amp

fina
es cut for
failure

H I GHLY PLASTI C GREY

CLAY WITH SILT LUMPS

ST. VITAL 20.0 I +30 sH-207 16.5 2.5 I t.5 r.5 I rregular shear
p I anes observed

ST. VI TAL 21 .0 l+47 sH-205 13.5 t.5 8.0 0.5 I rregular shear
pl anes observed

ST. VITAL 21.0 1+47 sH-205 tb.ö 2.0 9.0 0.8 S amp

fina
es cut for
failure

S I LTY GLACI AL TI LL ST. VIÏAL 3ì.0 t+4 I SH-2IE 33.0 0.0 il.5 0.0

TABLE I

DI RECT SHEAR TEST RESULTS

RES I DUAL AVERAGES øi c:
:GS.l PSI'

N)
f¡J

DESCRI PTI ON DEGS. PS

All clay samples 9.6 o.7
Mottled brown and grey clay 9.9 u.5
Grev clav 9.5 u.y
Pre-cut samoles c.0 0.5
Samples wi th i rregular shear planes 10.8 0.8



CHAPTER IV

DEVELOPI4ENT AND USE OF A SIMPLE

S LOPE STAB I L I TY ANALYS IS

To permit ready analysis of the large amount of data obtained,
símplifying assumptÎons were made and a convenîent slope stabi I ity ana_

lys is technique was developed. The analys is was computerized to faci l i-
tate the solution for the shearing resistance required for statical
equi I ibri um at each s î te. values of shearíng res istance requi red for
statical equi I ibrium, as obtained for each day that pÌezometer readings
were taken' were correlated with observed srope movements.

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 B ¡ I lustrate the horizontal displacements of
the slope indicator casings, due to slope movements. The point where

the slip line intersected with each casing was lnterpreted from these
displacements. An additional sl ip point was determined for each sîte
by observat¡ons of surface cracking, at the tops of the banks, due to
slope movenents. The rocation of the St. v¡tar srip Iine, where it
emerges at the toe, was estimated to coincide with the discontinuity
in the river bank profire at station z+6Q, as shown in Fi gure 7.

The control points whÌch have been descrîbed were used for the

DEVELOPMENT OF THE SIMPLIFIED ANALYSIS
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graph¡cal interpoìation and extrapolation of the curved sl ip I ines.
These slip ìines, illustrated in Figures 7 and B, are somewhat flattened
where they become tangent to the till layer and where there is a large
component of horizontaJ movement. in"y "re similar in shape to those

described by Baracos (r). For the purpose of anarysis, the simprest
configuration of the failure surface was found to consîst of three
sraight I ines, which fitted the curved sl ip I ines. The interpolation
and fitting, as described above, are shown în Figures 7 and B. Two

trial slip lines, shown in Figure a, *.r. used for the Tache Avenue site
since the overtrust point at the toe could not be discovered in the
river bank profi le.

Assumptions. The soil mass undergoing movement was assumed to
consist of a simplified system of three sliding blocks. such a system

is statical ly indeterminate. statical determinacy was achieved through
the following assumptions. The vertical component of base reaction for
each block was assumed to be in vertical equîlibrium with the weight of
the block and the boundary forces. The second assumption was that the
effective frictional reactîons at the bases of all three blocks acted

at the same obl iquity (oO) to these surfaces

The fi rst assumption în the preceding paragraph is equivarent
to stating that vertical forces are not transmitted through the vertical
interfaces between brocks. The presence of such forces wourd change the
distribution of the totar weight of the brocks transmitted to the bases

of the individual blocks. The total weÌght of the bìocks [s 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 the simplîfied analysîs which was

developed' This will be further discussed subsequent to the derivation.

The second assumption, namery that oi 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 fai rly narrow range, as given în Table t.

Residual cohesion was inîtially assumed to be zero, for the

reasons previously descrîbed in chapter lt, .section tt. This helped

to simplify the derivation.

classical methods of stabil ity analysis which make use of
straight slip lines are the Rankine, Coulomb and Culmann methods. The

method of slidÌng blocks that was used în this study may be considered

to be a modification of the couromb sriding wedge anarysîs in that a

single sliding plane is not utÌlized necessitating addÌtIonal assumptÌons

regarding the distribution of forces at the base.

Derivation. A generar example of a bank, showing the assumed

slip llnes and defÌning the force vectors used în the derivatîon, is
presented in Figure z. The block weîghts, and hydrostatic and pore

water forces were assumed to be known. All symbols used în the derîvat-
ion are defined in Figure 4

The requi red friction angle for static force equi I ibrium was

solved for as fol lows:

Because of the assumption that the verticar components of



reaction at the base

these forces become

equations arise out

each bìock:

of each block are simply related

statical ly deterrninate. Hence the

of consideration of vertîcal force

Fyl= Wl-UU,cosa., ,

Frr= Wr-UBZcosoZ,

F r= Wr-uB3"oto3t urcosÊ.

The three-block system may be considered to be a single free-

body for consideration of horizontal force equilibrium. Accordingly,

consideration of horizontal force equi I ibrium for the system as one

unit yields the following equation, which interrelates the unknown

horizontal components of frîctional base reactîon in terms of known

quantîties:

¿7

to block weights,

following three

equi l ibri um for

Since the purpose of this derîvation is to solve for opr egua-

tions are required by which oj can be related to the unknown horîzontal

and vertical components of frÌctional resistance. Consideratîon of

the geometry of the problem, as shown in Fîgure z, yîelds the follow-

ing three equations:

Rll*Ull+Ugls ino,+UUrs înar+UUrs incrr-Urs inß-F*,,-F*r-Frr= 0. 4.

l.

2.

3.

FXI= Fy.,tan(ÕO-o,),
t

FXz= Fy2aan(ÕD-cr2) ,
I

FX3= Fy3,an(oo-ar).

5.

6.

7.



Equations l, 2 and

7 in order to eliminate the

equations 5a, 6a and /a:

Fx t= (t,

F*r= (V{,

Fx3= (wj

3 may be substituted into

unknown F* forces. This

These three

der to eliminate the

-U'cosa,) tan(oo-o¡),

-urrcosar) tan (oj-or) ,

-Urrcosar+UTcos ß) tan ¡oO-clr) .

RLI*Ull+Ug 
ls in cr.,+urrs înar+urrs in crr-urs i n ß

- (Wl -Ug 
I 
cos 0l ) tan ( ro- ol )

- (wr-uurcos ar) tan ( oo- ur)

- (t,l¡- Ua¡ cos 
3+Urcos 

ß) tan ( oO- or) = O . 4a .

2B

equations 5, 6 and

is done to obtain

equations may be substîtuted

F, terms, as follows:

Equation 4a may

known values. Hence the

5a.

6a.

7a.

A= RLI*ULl*Ug 
ls in ol*U82, în or+Urrs in er_Uas in ß,

B= Wl -U, 
, 
coscr, r

C= l,lr-Urrcos02 r

D= t,Ir-UUrcosor+Urcosß .

substitution of these expressions into Equation 4a yierds:

into equatîon 4 in or-

be simplif ïed by collecting terms involving

fol lowing expressions are defined:

A-Btan (oo-"f ) -ctan (oo-or) -Dtan (oj-crr) = o. 4¡.



Equation 4b may be further modified

means of the trigonometric identity

tt
tan(pO-o)= tanÕO:tano

-..i--
l+tan öOtan a.

by

This is done to

A-B (tan oj-tan c,,) -c(tan oi-tan or)

By suitable manipulation, equatÌon 4c can be transformed into
a cubic equation of the form

29

I

to separate 0D from the ors

(l+tan oOtan o,)

obtat'n the fol lowing equation:

where P, Q and R are functions of the base

water forces and hydrostatic forces. 0nce

equation 4d, the safety factor, in terms of

angle for static equilibrium, can be solved

t"n3oi+et"n2.j*e."nof+¡= s,

( l+t"n ootan þ)

-D(tan oO-tan 0r) = Q.

Safety Facror = tun( Õj) 4e.ñ,
--i_tan ( oo)

I

0* is the res idual strength angle avai lable.

To check the validity of the assumption that the vertical com-

of base reaction on each block is in equilibrium wîth the block

and the boundary neutral forces, the simpl ified analysîs was per-

where

ponent

we i ght

4d.

angles, block weights, pore
I

tan aO is solved from

the requi red friction

for as fol lows :

4c.



formed using various distributions

A vertical shear force was. assumed

redistributing the weights of the

magnitude to ten percent of the weight of the top block was assumed

to act at the vertical interface between the top block and the center

block. Simi larly, a verticar 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 slrear 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 0o so determined

deviate from those found without redistributing the block weights.

The maximum deviations in these trial calculations, as shown in Table XX,

were found to be 1.90 for the Tache Avenue site and 1.40 for the st. vital
s i te. These dev i at i ons we re fe r t .to -,be, ¿çssptab r e.

The use of the computer program. A computer program which was

developed to solve equations 4d and 4e is þiven in Table tt. The pro-
gram was written in such a way that arbîtrary 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 modîfications were made for
the purpose of comparing the results of these analyses.

30

of the total weights of the blocks.

to act at each interf ace, tl-r-ereby

blocks. A.vertical force equal in
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The weights and water forces were determined from the field data.

Determination of weights was by graphicalll measuring the volumes of the

blocks shown in Figures 7 and B and multiplying by the value of unit
weight. Pore water forces were determined by graphical construct¡on

us ing interpolated equípotentiar I înes, as described in chapter I l,
Section lV. Examples of equipotential I ines obtained from p[ezometer

readings are presented in Figures 5.1 to 5.4 for the St. VÌtal site
and Figures 6.1 to 6:4 for the Tache Avenue site.

River elevations at the Redwood Bridge, as recorded by the

Federal Department of Energy, Mînes and Resources, were obtained from

the Province of Man¡toba l¿later Control 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.J 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 hydrostatic force on the toe

at each site was evaluated, based on the adjusted river leveìs.

The'above data were entered into the computer program using the

input data cards shown in Tables ttt, [V and V.

and Red River

plot indicates

I

Values of 0O were determined from the analysis.

tI RESULTS OF THE SLOPE STABILITY ANALYSIS

elevation against time

that , in general, t;
is presented In Figure 9 This

decreases when the river level incr-

A plot of ÕO
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eases. This is to be expected, since the hydrostatic force acting on

the toe of the slope tends to restrain slope movement. other fluctuations
I

in aO are due to the variations in pore pressures in the bank, whîch

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

Total slope movement, as determined from slope indicator read_

ings, and values of oj *"re protted against time in Figure lo. A useful
Irelationship between total slope movement and OO *u. observed in this

figure. lt aPpeared that for each site there was a critical value of.
f riction angru, oi, in that the-bank.d,id not move when oj was berow

this vaìue, and moved when oj was exceeded. Th - I

be B. ro ror the st. virar ,ii". ïwo varues or ;;;l:; ,:..,,.,:::'':.:'r^"
Tache Avenue site, namely lO.Bo and lZ.l" for trial slip lines assuming

base angles at the toe block of -g.1" 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 ol ", the valuerA
of Õ*. This gave a safety factor of unity when failure wês impending.

I t wi I I be noted that the value: I

, 
, rhat the varues of 0o so used fail within the range

of tR values given in Table t. The computer outputs showing oi values

and safety factors. thus obtained are presented in Tables vt and vl l.
A trial calculation was made which included a residual cohesion

of 0'6 p's. i. in the analysis of the.Tache Avenue site. ,.h,is .resulted in
t:

values of 00, shown in'.Table vt,t'[, whîch were lower than the computed
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residual strength angles during periods of movement.

A total stress anaìysi's, using a reduced cohesion of 500 pounds

per square foot, was also made by means of the computer program. Safety

factors which indicated stabie conditions at aì I times were caìculated,
as presented in Table lx. The lowest safety factors obtained were l.gl
for the st. viral site and 2.08 for th.e Tache Avenue site. To give a

safety factor of unity during periods of împending srope movement,

values of reduced cohesion of 190 p.s.f. for the Tache Avenue site
and 248 p.s.f. for the St. Vîtal site would have been required.

Total stress analyses by means of Taylor's stability charts
(te¡ using a reduced cohesion of 500 p.s.f. were also made. This

analysis is one of the methods commonly used in the tJinnípeg area.

It is the method'recomme.nded by sutherland (15), which has been

described in chapter ll, sectîon rt. six trials were performed for each

site. [n these trials, simple slope confíguratîons were used to approx-

imate actual bank configurations, as shown in the diagram at the head of
Table X' The trial calculations which yielded the minimum safety factor
for each site are presented in this table. Resulting safety factors were:

l.68 for the Sr. Vital site and 1,37 for the Tache Avenue site. The anal_

ysis would not have predicted failure unless values of reduced cohesion

of zJl p.s.f. for the Sr. Viral site and 365 p.s.f. for rhe Tache Avenue

s i te had been used.



CHAPTER V

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY

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" Vîtal sites can be seen

in Figure I to be locations on the concave sides of river bank curves.

Many other unstable river banks have this feature in common. Consider-

ing that the soils forming the banks have been shown to be similar for

a good part of the lrlinnipeg area (l), it would indicate that an investiga-

tion of these other sites might Iead to similar findings. The results

of the present investigation could therefore be applied in a preliminary

cons i derat i on to other s i tes

Profiles of both river banks, shotving 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 these lower regions would entaîl considerable cost because of the

diff¡culty of operating soi I sampl ing equipment in these relatively

inaccessible areas. Add¡ tional 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.

DI SCUSS I ON



Figure 3 illustrates the

horizontal) that an unstable river

piezometric levels in the river banks in the \^/innipeg area is summerized

in Figures l.l to 5.4 and 6.-l to 6.4 Many sers of dara had been

examined to select these iìlustrative examples.

The information can be presented in a number of forms. Contours

of piezometric pressure could have been plotted. lnstead, contours of

piezometric level, which combine piezometric head and elevation head,

were drawn. The contours are based on limited information and involved

extrapolation as welì as interpolation, thus each represents one possible

distribution.

Since the velocity of flow of water through soils is extremely

smaì l and leads to negl igible velocity head, the conüours of piezometric

level can be considered to be in terms of total head where total head is

the sum of pressure, velocity and elevation heads. I f the simpl îfying

assumpt¡on 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-

creas ing head.

This leads to some rather interesting observations. For

example, Figure 5.1 indicates that the slip line feeds water into the

bank. ln this figure ¡t w¡ll be noted that the equipotential lines of

55 (755 rt) , 5o (Z¡o rt) and 45 (Z4S rt) form a nesr of approximare

parabolas about the slip line. This is shown to a lesser extent in

Pore Pressures

extremely gentle slopes (eo fro* ?f;"

bank can have i n the \^/i nn i peg a rea.

The previously unavai lable information on



36Figures 1.2 ,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 Figure I l) , which intermi ttently dis-

charges water into the crack at the top of the bank.

A simi lar nest of parabol ic contours, shown between stations

l+00 and l+15 at aboui elevation 710 in Figures !.] and !.4 , may

indicate the presence of an old sl ip plane.

ln general, the direction of seepage in the St. Vital bank was

downward, except where ¡t 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 lines for the Tache Avenue site, shown in Figures

6.1 to 6.4 , also indicate generally dolvnward f low into the bank.

Figure 6.1 shows that the piezometric levels in the slide zone in winter

are higher than w¡nter river levels. This condition indicates that pore

pressures in the bank are not readily relieved when the river is lowered,

and that conditions favor instabil ity 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 lever in raising the pie-

zometric level within the bank is illustrated in Figure 6.2 The

inundation produces flow of water into the bank. The subsequent draw-

down of the river to its summer level (r¡gure6,3 ) was noted to leave



a zone of h¡gh pressure near the toe of the.bank, as indicated ,, 
^37

closed contour of total head equal to 45 045 ft). This can be inter-
preted to indicate upward seepage near the toe under these conditions,

which would certainly contribute to ìocal instabi I ity. This may be an

explanation for smal I sl ides sometimes observed at the toe.

It should also be noted that contours of equal head in the

vicinity of the toe requi red considerable extrapolation. lnundated

surfaces are theoretical ly equipotential I ines. This theoretical con-

sideration was used to assist in drawing the contours in the lower

reaches of the bank for each site. The installation of piezometers êt

the toe would have contributed greatly to the accurate determînation of

these contours. The hïgh cost of equipment that could operate at the

toe of the bank prevented the installation of such piezometers.

Sìope lndicators and Sì ip Planes Figures I landl2, in conjunc-

tion with F¡gures 7 and B, show the locatîons of the slope indicators at

the two sites. lt is obvious that two slope indicators provide only

limited information on the location of the slip line at a site. Additional

slope indicators, particularly at the toe of the banks, would heìp to

alleviate the uncertainty of the location of sl ip lines. There is, of

course, a practical d¡ff¡culty, in that slope indicators instal led in
the river itself would be affected by inundation and could be damaged

by ice movements.

ln this

I i ne locat i ons at

Tache Avenue site,

present study, the problem of uncertainty of the sl ip

the toe was considered by taking, in the case of the

two possible positions of the sìip line where it



3B
emerges at the toe. The significance of'this is discussed in the sectlon

on I rCo r re I a t i onr ' .

Figures 7 and B show that the slope indicators clearly

establish the depths at which large components of lateral movement have

taken place. They also i I lustrate that considerable interpolation and

extrapolation was necessary to estimate the configuration of the sl ip

I i nes.

the residual shear strength parameters fell within a relatively narrow

range. Values for Õi for clay ranged between 8.0o and 13.0o, and for

CÅ, 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 oi ranged

between 13.50 and 22.00, and Cf between 0.4 p.s.¡. and 2.! p.s.i.

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

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 C[ shown in Table I do lead to a considerable

simplification of the analysis, in that C[ can be taken as equal to zero.

Figurel3 i I lustrates the difficuìty in determining the re-

sidual parameters in the laboratory. To obtain shear stresses that

were independent of the strain, the sample had to be stra¡ned 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

Shear Strength Parameters I t wi I I be noted, in Table I , that
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enough so that excess pore pressures do hot develop duiing shear. From

a practical point of view, this means that for a single direct shear

test at one normal pressure, about three weeks are required. This is

an inconvenient requirement if several tests are necessary for any in-

vestigation.

Analysis The geometry of the simpl ified 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 transmittqd

through the vertical interfaces between blocks. The method of analysis

derived in this study does permit consideration of how these interface

vertical forces

the total weight

of the weight would be carried by the indivîdual blocks. (Such a re-

distribution was made, as shown in Chapter lV). lt is obvious that such

a redistribution of the weights does affect, to some extent, the value

of Õf obtained in this analysis. For example, the various combinations

of redistributing ten percent of the weights of the top and bottom blocks

shown in Table XX were used in tlre computer program. The resulting

values of oi deviated from those obtained using the original block

weights. These deviations, as shown in Table XX, were a maximum of l.40

for the St. Vital site and l.9o for the Tache Avenue site. The maximum.

percentage deviation, based on tan 0!, was 2l% for each site. The

assumption of l0% redistribution of total weight may be quite severe.

Such a redistribution theoretical ly should be appl ied only to inter-

can

of

influence the resul ts. Such forces would redistribute

the three-block system so that different proportions
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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

componen t .

Table X summarizes the results of total stress analysis usîng

Taylorrs Charts and the simpl i fied slope 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 i¡¡pending movement

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

Avenue s i te was 365 p. s. f.

Correlgtion The instabil ity 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

gradual ly decreasing rate. When the spring thaw begins in mid-March,

increasing movements are again observed. ln conjunction wi th F¡gure ! ,

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.

Similar movements of lesser magnitude are also shown for the St. Vital

site.

Figures 9 and l0 show that during the summer months there

were periods in which the banks were in equi I ibrium. Very sl ight

movements may be attributed to precipitation, which is an aspect of

stabi I ity meriting further consideration.

The periods of equi I ibrium were correlated to the values of



Oi to obtain a field evaluation of the residual angle of internal

friction. 0n the Tache Avenue site, critical values of oi of I0.Bo

12.7o were obtained, considering two possible configurations of the

line. For the St. Vital site a tÅ u"lue of B.lo was obtained. The

of Oi so obtained depend somewhat on the distribution of weights of

blocks.

The following conclusions result from the discussion of the

results.

l. Many of the unstable river banks in the t/innipeg area are

located on the concave sides of river bank curves.

Z. Unstable river banks in the V/innipeg area can have slope angles

as low as 60 from the horizontal.

3. Seepage of surface water into cracks at the top of a bank can

have the effect of raising the pore pressures within a failure

zone, thereby promoting slope .movements.

4. The seepage in the banks studied was generally in the downward

di rection.

I I CONCLUSIONS

4l

and

sIip

va I ues

the

5. Pore pressures in the banks in winter are not readily relieved

as the river is lowered, thereby favoring instabi I ity.

6. Zones of high pore pressure sometimes remain near the toe of

a bank as spring drawdown occurs.

Considerable interpolation and extrapolation is necessary to

est¡mate the configuration of the sl ip I ines when only two

7.



B.

slope indicators are used.

The res i dua I s t rength pa ramete rs

fall within a relatively narrow range.

9, Residual cohesion can be taken as zero.

10. The simplified analysis developed in this study alìows a cor-

relation of the piezometer and river level data with observed

s I ope movements .

I l. Critical values of frictional strength, as calculated for

periods of impending motion using the simplified analysis,

fall within the range of residual strength perameters determined

in the laboratory.

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

mon ths

13. Slope movements are largest immediately after the fall draw-

down takes place.

ì4. An appreciable increase in slope movement occurs when the

spring thaw begins in mid-March

\z

for V/innipeg clay appear to

Tables Xl 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

anaìyses.

An attempt should be made to evaluate various remedial meôsures

I I I RECOMMENDAT I ONS FOR FURTHER STUDY
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in

both sites, by means of the computer þrogr"*, using the data tabul'"r"¿

this thesis.

Remedial adjustments in the data could take the form of in-

creasing W, when loading of the toe is being considered or decreasing W,

and W, when trimming of the slope to a smaller angle is being considered.

The effect of reducing pore water forces through 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 economicaì ly 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 \,Jinnipeg clays.

The values of the residual shear strength parameters could then be check-

ed to find out whether the range is as limited as the present investiga-

tion seems to show. lf the variation is not large then a reasonably

conservative value of 0{ could be chosen which could be used for all
clay river banks in the Metropol i tan Winnipeg area.

The computer program presented in this thesis shourd 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 sl iding block system couìd

then be determined, and the slope stability of intact slopes could be

ana I yzed .

Another area of study meriting further work is the correlation

of sìope movements to precipitation. An explanation may be found for



the variation in pore pressures during

movements resulting from them, in such

44
the summer months,. and slope

a study.



PHOTOGRAPH 3
DIRECT SHEAR ÎEST APPARATUS

AVENUE SITE

PHOTOGRAPH 4
CLAY SPECIMEN I,IITH IRREGULAR SHEAR PLANE lJt



LOCATION OF INSTRUMENTATION SITES

AND SOME RIVER BANK SLIDE AREAS
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SLIP SURFACE ASSUIVTED AND FORCE VECTORS USED

IN. THE SLIDING BLOCK SLOPE STABILITY ANALYSIS
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57LOCATION OF SLOPE INDICATORS

AT THE ST. VITAL SITE
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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:Higìrty Plastic Mottled Brow¡ Ctay at the ló Foot

Depth, Slope Ind.icator HoIe No. I , Taché Ave. Site
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APPENDIX A. C0MPUTER PRoGRAM, TNPUT
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Notes on the computer program:

l. The program will do a residual strength analysis usinS cfi= 0

if the data card for cohesion is l'eft blank.

2. A.small cohesion , in kips per square foot, may be included

in the analysis. ln such a case, base lengths of blocks,

in feet, must also be included.

3. A total stress (Õ= 0) analysis may be performed. [n such a

case the value of O[ în the data must be given as zero.

The assumed undrained cohesîve strength, cU, in kips per

square foot and base lengths in feet must also be included.

The computer then solves for the cohesïon required for static

equi I ibrium, cD, and calculates the safety factor as shown.

Safety Factor= I
"D

4. The last data card must always have atrsentinelrtnegative

number in the r¡dayrr column. This ends the program.

5. Several input decks can be used consecutively in the same

run, provided that the last data card in each intermediate

data deck is a blankrrsentinelrr.

TABLE I 1 (cour Ì NUED)
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lnrrrr, ÂvE. srTE r !LpF¡ 3 ' -s.7 cEcs.,c'o

ffiËï#rËt

INPUT DATA FOR SLIDING BLOCK
. TACHE AVENUE S I TE, U

JoEDEscRPTþÄrcAnD 
vr rLt -'3

2C t2 ê,9 31.5

l0 I 70 30.4

24 l7C -"e.7

2L 2 7C 24.e

28 2 70 25.O

4 7 7C 25.1

14 37C 18.1

zt I 70 te.l
ze r 70 22.8

11 4 7A Iê.2

le 4tc t0.1

2' 4 7C 10.9

2 570 5.e

I q 70 3.é

1é 5 70 4.3

2?. 5 70 tó.3

29 5 7C 20.3

!2 á 7C 19.2

19 É 70 15.9

2e 6 70 l8.l

3 1 1C 21.1

17 7 ?C l8.r
24 1 7C 21.0

31 7 ?0 19.ç

? s 7c 20.3

l? rt 7c 14.5

I q 70 ló.3

te ,ì ?c l8.l
z? e ?c t8.t
r? lù 70 t€.1

:: t0 70 19.2

ìl r0 ?0 lé.3

? 11 70 le.t
r3 It 70 14.5

t0 lt ?c l0.e

t? tt ?0 10.5

? t2 70 I5.2
,l l2 70 l!.?
c 0 0 0.0

TABLE

4ç.! 57.? 10.ó 0.c 0.0
t'e.6 ó1.? lC.ó 0.0 0.O

38.9 é1.7 10.é 0.C 0.0

38.9 55.C lO.é O.C O.O

72.9 52.7 t0.ó 0.0 0.0

31.4 43.e 10.ê C.C 0.0

75.2 <ó.1 10.ó 0.0. 0.0

22.4 54.L t0.é 0.0 c.0

?2.4 54.L lC.ó C.C 0.0

37.6 ér.? 18.0 0.0 c.0
(0.7 ICC.8 59.0 0.0 0.0

54.5 t?5.3 LOê.9 0.0 0,0

49.2 L22.9 9?.ó 0.0 0.0

44.0 118.5 ç0.3 0.0 0.0

53.7 118.5 8é¿G 0.0 0.0

49.3 LA¿.C 64.9 0.C C.0

4ê..6 ç3.1 5e,.7 0.0 0.0

4q.L çC.e 5?.5 0.0 c.0

48.0 90.5 5?.ó 0.0 0.0

38.1 8ó.9 5ó.3 C.0 0.C

38.9 84.1 47.2 C.0 C.0

3e.9 75.2 3c.é o.c c.ö

32.7 ?9.é 24.? C.0 c.o

40. I 7 4.2 37.ê 0. C 0.0

39.( 74.2 ,28.é 0.C 0.0

35.0 7?.9 35.? 0.0 0.0

34.7 e2.l 3?.0 0.0 0.0

3é.3 8¿.? 3?.0 O.C O.O

33.7 ?9.ó 3?.0 0.0 0.0

31.8 ?4.0 -2?.0 0.0 0.0

4¡.5 ?4.C 3?.0 0.0 0.0

36.9 é8.8 36.C 0.0 0.0

3é.3 70.2 30.0 0.0 0.0

28.e 5i.6 18.9 0.C 0.0

3ó.3 5t.ç tl.ô 000 0.0

3t.l q9.2 9.3 o.o o.o

38.9 50.1 9.2 0.0 0.0

36.3 5{.ó ¡2.5 0.0 0.0

0.0 0.0 c.0 0.c 0.0

lil

,¡l
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CStSatJffi

6S

2C L? ê9 1r.5 49.1 
'7.2 

10.6 o.O C.O
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NOTE¡

l. l{L,h'2,1T3 €re block vsl.hts ln hM.
2. ,',nrles ol,r2,c.:,P & {r:ro mos'suruì In :jfR!-.s.
3. C is '"'ao r.asM.j. coiroài¡n ln ÀI!5/sQ,.:T.
It. .51.s2 & S3 are ths bùso lo¡¡itis cf thÈ blocksr

tn !-f,T.
.5. U3l, otc. ar6 moastod ln NIPS.
6. Day-{ r as giìoyn on tho last datÉ cgnì lor tho

C=0 csse , lnplles thRt ncre Jcbs fcllou & prôp8ros
tho ccnputor to rdoJ tiro noxt Jcb dota deck.



. INPUT DATA FOR SLIDING BLOCK ANALYSIS
' TACHE AVENUE SITE, d3 = -13.5'.

JoB oêtcntPÍtod caaÞ

ffiFÁ 3 a-r3.5 cccs.,c.o---J

ott ot¿ orj p ét,
39.O1 e.'ttst2.fl 9.01 12.7

C St .s2 Sffi
2él iil óçl ?s.41 53.IJ 41.

2C L2 65 ?L.5 49.) 2e.7 2.5

l0 t 70 ?0.4 4e.6 42.t 2.5

24 1 70 ?e.7 38.9 4?.t 2.'
zl 2 70 24.6 38.9 ?7.A 2.5

2e 2 10 25.O 3?.9 25.3 2.5

4 3 ?0 25.3 2t.4 28.4 2.5

14 3 7C r8.1 25.2 2C.2 2.5

21 3 7C 18.1 32.4 26.3 2.5

2e 3 70 22.8 32.4 3ê.3 2.5

lI 4 10 ló.3 ?7.6 4Z.L ó.3

18 4 lC 10.1 4C.7 72.0 32.'

25 4 7C tC.9 54.5 ç0.8 é9.3

2 5 7C 5. e 49.? 89.0 e2.2

ç 5 ?0 3.ê 44.0 85.6 56.7

l3,5 70 4.? 57.1 85.é 5?.?

22 5 70 1ó.3 4s.3 
':.t 

52.1

zç 5 70 20.3 46.6 óé.1 30.1

72 ó 70 19.? 44.L é,q.4 20.9

l9 é 70 15.ç 46.0 é¿r.l 3t.0

2e 6 70 18.1 . 3e.l êt.4 30.1

3 7 7C 2t.7 3e.9 59.? 24.0

l? 7 7C le.t ?8-e 52.4 .13.7
.2q ? 70 21.0 ?3.1 55.e L6.?

?l ? ?0 19.9 4C.t 51.é le.1
? e 7c 20.3. 39.{ 5t.é le.?

l? I ?0 14.5 35.0 54.5 tó.8
e 9 ?o ló.3 24.7 58.2 t?.8

I e ç ?c l8.l 3ê.3 5e.Z l?.e
23 s 70 t8.r !2.7 55.8 l?.8
t? l0 70 Ie.t 3?.8 5t.5.1?.8
?5 10 70 I9.2 (1.5 51.5 17.8

3l t0 70 16.3 38.9 4?.é l?.1
? tl 70 tt.l 3é.3 (8.é l-2.4

),3 lI ?0 14.5 ¿8.8 37.4 é.9

20 lt ?c lo.9 36.3 34.¿ 3.1

2? t¡ ?o ro.5 3t.t 3¿.5 2.1

? l2 70 t5.2 38.9 30.8 1.9

3l 12 70 15.2 3ô.3 ¡ó.? 3.5

0 0 0 ü.0 0.c 0.c 0.0

TABLE I V

0.c 0.0

0.c c.0

0.0 c.0

0. c 0.0

0.c 0.0

0.c 0.0

0. c 0.0

0. c 0.0

0. 0 0.0

0.0 0.0

0.0 0.0

0.0 c.0

o .0 0.0

0.0 0.0

0.0 c.0

0. c 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0 .0

0.0 0.0

0.c 0.0

0.0 0.0

0.0 0.0

c.c . 0.0

0.0 0.0

0.0 0.0

0.0 0.0

o.o 'o.o

0.c 0.0

0.0 0.0

0.0 0.0

0.c 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.c 0.0

0. 0 0.0

\,
r r4AB l7Etc RtPltoN cAzD

I r¡cHË ôvE. s¡TE r ALpt-a 3 =-r3.5 cEGs.,c=0.é ps¡

oa¡ oç 04 p é',ffi
ct,t¿1¡ffi
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I NPUT ORTR TOR
ST.

JOt tÉto'Pr"t ct" -- -_ -' 
'

fltfìilì-;TrËì
dtdpqrB

3t.{rl u.cl -e.01 ¡0.

¡t 6 ê9 90.0 t¡?.2 96.t 22.L ?.5 o.O

tê é ó9 87.9 127.2 97.5 zL.O 3.5 0.0

t? I ê9 7ó.0 157.0 9ó.t 20.2 t.5 o.o

23 7 6ç ó7.0 l-â?.2 gS.C ?l.O 5.5 o.o

l3 s 6ç e0.4 t4ó.ó lCl.t 22.O 3.5 C.O

l0 5 óç 69.1 140.5 98.é 20.6 t., o.o
20 t2 69 ?8.5 140.5 ?0.5 4.s 3.5 o.O

l0 I 70 74.O t4t.2 6214 4.ç 1.5 O.O

24 I ?C 7?.e ¡24.8 é4.e 4.s t.5 o.o
3t I 70 ?4.8 t24.8 ó8.ó 4.9 7.5 o.o

2t 2 70 ?1.5 132.0 c4.2 4.ç 1.5 o.O

2e 2 10 74.8 123.0 ê4.2 4.9 3.5 o.O

¡4 . 3 ?C ?5.é ¡t8.5 êr.6 4:ç 3.5 o.o
2l 3 ?0 é5.1 l¿?.ó ?0.4. 4.s 1.5. O.O

2e I 70 69.b t24.2 e5.5 4.9 3.5 o.O

t¡ 4 70 67.3 L24.e 7t.? 8.9.. 3.ã O.O

18 4 'r0 é7.2 r34.¡ 137.3 ó2.? t.5 . O.O

25 r ?0 é5.8 t¡ó.î I5).S t42.? f.i. O.O
2 5 io 14.e t47-3 t4.9.? tz?.a !.i ô.o

9 5 7ç 50.5 t43.6 .146.7 t29.2 1.5 o.O

ré 5 70 7ç., t3?.2 t4ç.? 9S.; 3.5 o.ö
22 5 7C 82.2 trl.ê tze.c çé.9 Z.' O.O

29 5 7C ?7.8 t?t.1 t2.2.2 e?.z 1.5 o.O

, ó 70 83.8 140.3 t32.e ê2.2 3.5 C.O

12 é ?C 77.O 137.2 t2¿..2 eZ.Z 2.5 O.O

t9 é 70 ?4.8 14ó.8 122.2 ê2.3 X.5 o.O

26 ó 7C ?(.8 ¡5é.0 t¡9.¡ ê2.3 t.5 o.o

3 7 ?0 ç1.ó té2.3 lt?.ç 45.6 3.5 o.C

l? ? ?0 ?4.8 149.ó e5.5. t?.? 3.5 o.o.

2q ? ?0 ?4.e 128.5 9{.9 21.é 3.5 o.O

31 7 70 é?.? l¿r7.5 9?.3 23.0 3.5 O.O

? I 70 63.5 t4l.O çt.? 25.5 3.5 C.O

t7 S ?O 72.é tt3.5 ç5.4 22.? \ !.5 o.O

e c 7c 80.0 lóó.É 92.8 ?3.1 Z.' O.O

¡8 c ?c ?1.5 t50.0 ç5.5 23.t 3.5 O.O

21 (,7C ó3.é I:ô.t 9?.3 23.1. !.5 o.o

l? l0 ?c é5.4 t5ô.0 ç0.4 23.1 3.5 o.O

25 t0 ?c ó4.3 l5ó.0 €3.c 22.( !.5 o.o

3¡ ¡o ?0 ó3.ê ¡53.4 ç...2 22.{ t.i, O.O

? ll ?c 5€.0 ¡4?.2 8ó.t lé.e !.t o.o

t3 ¡¡ 70 ó?.! ¡t3.5 ?5.5 tC.¡ 3.t c.o
20 ll ?0 ó!.5 ¡4t.2 ô8.0 t.t 3.t 0r0

2? ll ?0 ó!.é l3?.? és.c (.{ 3.t c.o
? l? 70 ó:.c t4ç.9 ô4.! !.9 3.t o.o

3t l2 ro ó1.0 Irt.8 ?t.O r.¿ !.t o.o

-l o 0 0.0 0.0 0.c o¿o o.o o.o

e8.c,l 137.21 çç.€l 2é.
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SLICIÀG SLCCK SLCPÉ STASIL¡TY ÄN¡IYSTS
fÁCFE ¡VE. S¡lt ' ÂLPFÂ 3 = -9.7 CEGS.TC=C
CATË F.TCUI9EO PHt (EEGRÊESr SÁFÉTY

2é ll é5 le.??

20 LZ ê9 L6.tt7

lc I ?0 1é.ól

24 t ?0 1c.12

2t 2 7C. L4.52

2e 2 10 13.87

4 3 70 1-".0é

L.i ? ?0 12.9ê

2l t 72 L2.!9

2e 7 70 13.??

ll 4 7c 12.8e

It 4 ?'l e.Zz

25 4 70 3.!é
2 5 70 4.tt
; t 7e r.?0

ló 5 ?0 5.48

22 5 ?C 5.2e

29 5 1C 9.17

12 ó ?c 8.é?

t9 é ?0 €.ó4

2ê 6 70 e.33

2 7 7C g.el

t? 7 7C ¡1.84

24 7 ?C 11.2e

31 7 ?0 10.?(

? I ?O 10.Èé

1? I ?C 10.óé

I 9 ?C t0.e5

re I lc 11.07

23 e ?C 10.10

t7 i0 ?c 10.58

25 I0 70 IC.8?

3l ¡0 ?c t0.38

? lt ?0 ll.qz

13 tl ?0 tt.59
¿o lt ?c I2.??

2? tt ?0 l?.ó0

? 12 ?0 13.5?

3¡ l¿ ?o l3.lr

, .:..

, RESULTS OF THE SLID¡NG

rAcHE AVENUE T ituf}Ttl*lr'r;
t

TABLE VI

BLOCK ANALYS I.S

0
ANDA. = -13.5o't

F ÁC TOR

0.56

0.ó5

o.ê,4

o.64

0.74

c.7?

a.s2

c.8 3

0. 80

c. ?8

0.83

I .30

3.46

2.65

..32

1.99

2.O7

1.le

sL f0 tr¡G
ÏACH: A VE .
DAT E

2ó tt ó9

20 L2 6e

l0 170

24 t70
2L 270

28 Z 7.O

4 t70

L4 t70
2L ¡70
2A 370

tt 4 70

l8 +70

25 470

2 5TO

9 570

t6 570

22 570

29 570

12 670

t9 6 70

26 670

3 770

l7 7 70

24. t 70

3l t70
7 S70

17 s 70

I9t0
l8 9 7C

2! 970

17 l0 70

25 l0 70

3l lc ?0

? lt 70

t3 ll ?0

z0 lt ?0

27 tt 70

7 t2 70

3l t¿ r0

ù

I}LOCK SLlPF ST/\3ILITY A¡IÄLYSIS
SITi r ALoHA 3 =-13.5 DËGS..rC=0

RTCUIRSD PHI {DE';REËSI SAFETY FÂCTOR

te.sz ö.oc

t1.2r o.'tZ

t7.28 0.72

tt.r9 0.72

15.2' 0.83

, t4.5t 0.87

13.8t 0.91

lt.7r o.9z
' t4.o2 o.9o
- 14.4 ì 0.88

. 11.91 0.91

10.5i l.2l
5.51 2.?4

6.22 z.o!
6'7'; 1.92

f.fI l.ó7
1.12 t.óó

lI.?¡ l.O9

- tt.ló t.t4
ll.l1 l.l5
10. ó:i 1.20

12.0 ¡ . 1.05

13.4,t 0.94

13. 0,r 0. 9 7

I 2.68 1.00

12.5:r t.ot
L¿.rct 1.03

12.6(l . 1.01

l¿.8' 0.99

l¿.4'¡ t.02

lz.+f l.o2

I ?. 7¡l 0. 99

12.?0 1.0.r

t 3.0e 0.9t

12.66 t.00

¡ 3.46 0.9rr

It.to c.e,

ll.9r 0.91

t3.eo 0.9¡

6B

L.25

1.2é

I .30

r.l0
c. ç1

c.9ó

1.01

r.oi
1.0¡

1.00

c.9I

l.0l
t.02

c.ç I
t.0{
0.94

¡

c.93

c.8 q

o.s5

0 .7ç

0.8¿



!t\rJU

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

,atorNG BLOCK SLTJPF sïAßtr trv ÂN^tysts
Sf Vl IAL SIIF ' C.0DAIE REOU¡RED P}IT IDTGRËEST S/IFEIY FACTOR

4 6 69 8. t9 0.99

I I ó ó9 8.q5 0.9ó

t6 ó ó9 8.50 0.95

t 7 I 69 8.65 0.94

?t 7 69 8.Ot l.oo
l] I ó9 B.5t 0.95

t0 9 69 8.2t 0.99

20 L2 69 8.78 o.g¿

l0 l. 70 8.62 0.94

24 I 70 8.37 o.e7

3l t ?C g.3B o.e?

2L 2 70 8.3ó 0.97

28 2 70 8.2T 0.98

l4 3 ?O 8.28 0.98

2L 3 ?O a.'zo 0.99

28 3 ?O 8.2t 0.99

I I 4 7O 8.07 I.oO

l8 4 70 6.31 1.28

2, q 7O 2.94 Z.tt
2 5 70 3.62 2.2'

' 9 5. 70 3.30 Z.+t
¡u ).u +.u., l.óó
22 5 ?O 4.g4 l.ó5
2s 5 70 ó.31 L.zg
5 6 70 ó.ó9 l.2l

t2 ó ?0 6.40 t.2?
19 6 7O 6.tT t.Z6
26 ó 70 ó.5ó L.2+

69

o

3 7 70 ?.95

l7 7 70 a.42

24 ? ?0 ?.98

3t f 70 8.09

7 I ?0 7.71

l7 I ?0 8.3+

I 9 70 8.69

l8 9 ?C 8.23

23 9 ?O 8.21

17 t0 ?0 8.12

25 tO 70 8.t8
3l l0 ?0 8.t5
? tl 70 8.0e

13 ll ?0 8.{0

20 u. ,0 8.5t
2t lt 70 8.39

? t¿ ?0 8.t8
]t 12 ?0 e.6ô

I .02

0.9ó

t.ol
1.00

l.o5

0,.9?

0.93

0.9 I

0.99

1.00

0.99

0.99

I .00

0.9ó

0.95

0.96

0.9+

0.9l



SLIOING BTOCK SLOP€ STAS¡LtTV ANÂLYSIS
TÂCHÊ 

^VE. 
SllË ' ÁLPHA 3 = -9.1 DEGS.TC=0.6 pSt

DATE REQUI RED PITI (DIGRFESI SAFETY FACTOR

2ó rl ó9 t2.t4 0.89

20 12 ê9 10.ó3 1.02

t0 I 7c lo.?l t.ol
24 t ?0 10.81 t.00
2t 2 7C 9.33 t.ló
28 2 70 8.90 L.22

4 I 70 8.38 t.29

L4 t 7C 8.30 l.3t
21 3 70 8.58 .. L.zt

28 3 ?0 8.83 z L.23

ll 4 tc ?.9ó 1.3ó

t8 + 70 3.55 3.08

25. 4 70 -1.r2 -8.21

z , 5 70 -0.29 -38.0ó

9 5 70 0.39 28.t4

ló 5 ?0 0.83 13.21

Z? 5 lo 0.77 14.28

?9 5 ?0 {.08 2.67

t2 ó ?o 3.?8 Z.àç

19 6 70 t.76 2.90

26 ó 70 3.70 2.95

3 7 7A 4.sO 2.2r

t ? 7 70 ó.79 t.óo

24 ? 7C 6.30 1.73

31 7 ?0 5.86 1.8ó

7 I 70 5.71 l.el
l7 I ?o 5.8e r.às
I e ?0 5.93 1.8{

l8 9 ?0 ô.0ó t.so
23 9 70 5.8ó 1.86

l? t0 ?c 5.79 1.88

u 5 l0 ?0 5.95 1.83

3t lo 70 5.72 1.90

? r I ?o ô.50 t.ó5

13 ll ?0 ?.12 1.53

20 ll ?0 8.13 t.3{
2? ll ?c 8.0e t.34
7 le ?0 8.?+ 1.2ô

3l le ?c 0.:t+ l.!0

RESULTS OF THE SLIDING
ASSUMING C= 0.6

TACHE AVENUE S lTE, fi" = -9,7")

TABLE VI I I

BLOCI( ANALYS IS
P.S.I
ANDfi.= -l3.5'')

!terJ\,

,.

SLID¡NG BLOCK SLOPE STAt}ILITY ANALYSTS
TAChE 

^Vt. 
SITE ' /\LPHA V ='11.5 DEGS.TC=0.ó PSI

OAIE RTOUTREO PH¡ (ù[GREESI SAFETY FACTOR

26 tt ó9 13.41 o.95

20 L2 69 11.80 1.08

lo . I 70 ll.?9 1.08

24 I 7.C 11 .90 1.07

2t 2 70 t0.35 L.zt

28 Z 7C 9.90 1.29

4 3 7C 9.4t 1.3ó

t4 3 ?0 9.29 t.38

2t 3 7C 9.50 t.35

2s 3 70 9.79 l.3t

ll 4 70 9.?e 1.38

t8 4 7C 5.8t 2.2L

25 + ?O 0.98 13.13

2 5 7C l.8t 7.12

g 5 Tg 2.41 5.3ó

16 5 70 3.05 q.22

?2 5 70 3. ló 4.O9

2e 5 7C 6.65 1.93

t2 ó 70 6.2t 2.05

te ó 7c 6.25 2.06

26 ó.70 ó.03 2.17

7 7 7A 7.2t 1.78

t7 ? 70 8.ó3 1.49

24 ? ?0 8.23 l'.5ó

3l ? ?0 7.e0 l.ó2

7 I 7C 7.77 1.ó5

l7 I ?0 7.76 l.ó5

8 9 70 7.8+ 1.64

t I 9 70 8.02 l.ó0

2.? 9 70 . l.tt l.ó5

t? t0 70 7.75 I.ó6

25 l0 ?c 7.98 l.6l

3t. to ?c 7.64 t.ó8

? lt ?0 8.3{ t.54

13 tl lc 8. le l.5l

zo ll ?0 9.08 l.4l

2? ll. 70 8.8t t.'r+.

r 12 70 9.46- l.r5

3t.t¿ 70 9.31 l.3l

70

o

rì



RESULTS OF THE SLIDING BLOCK ANALYSIS

ASSUMING C=0.5 K.S.F. TACHE AVE. SITE;(X,= -9.7'AND ST. VITAL SITE 7r

srrclÀc rìr.ccx slr,pr-i sTÁpt ¡Ty Arr¡Lys¡s 3 
st tr;rÀG FLccÍ sL.pr sïal,tt tf y'oluoarr,,

TllcHt 
^vf 

. Stft, nLpF^ ?:-9.? Dt.G.¡Utrt)F/tÀEt) rC,''0.5 K.S.F. ST. VIf^L 5lTI pFI=r) r l,Àtjf.¡lt\tl) {Cr¡0.5 K.S.F.
CÂIE pfOUIRÊU Ut\gFÂlN!U {C{rx.S.f. S¡.ÍtIy F¿CTCf{ DATÉ ktCUIPLt) Ul'LÞA¡t';tJrC"rK.S.f. 5¡ttIY FÀCI0R

2é. tt óe 0.2367 2.Ll2l o .4 ó ó9 0.2275 2.198?

2i t? e9 0.2314 2.1064 ll é 69 0.2229 2.1471

¡0 t ?9 0.2!74 ?.1c64 té 6 ê,9 0.2341 2.L751

24 Ì ?0 0.277tt 2.tOó4 . | : 1? 7 6s 0.2?50 2.L215

2L 2 70 0.2v74 2.1064 21 7 e9. O.2.34L 2.L357

2e 2 7C 0.2774 ?.LC64 : 13 I ée o.2??o ?-146r

4 3 7C. 0.2374 2.LO64 ) lo . 9 ó9 0.2346 2,1?L6

tr, 3 ?ir o.2v74 2.LCé4 20 12 ê9 0.2523 1.9C?O

2, Z 7C C.2374 ?.LA64 , IO I ?'0 D.2522 L.9Z2C

28 3 70 0.237q ?.LO64 ' i ) 24 I ?0 0.25?7 1.9820

tI 4 70 o.22r.2 2?23þ0 31. I ?C 0.2521 1.9820

¡8. 4 ?C O.t5t3 3.3051 , 21 2 70 0.2523 1.9e20

25 4 70 o.oôól 7.5665 ':' 28 2 7C 0.2523 ¡.9eZO

2 5 7C. 0.082é ó.c51é 1.4 3 ?0 0.2522 l.çezC

9 5 ?C 0.095ó 5.2291 , Zr 7 7O 0.252? 1.9e20

tó 5 70 0.1033 q.e423

22 5 ?0 0.1052 4.7523 11 4 70 0.2478 ?.Cl8r

29 5 70 o.I5ól 3.20?4 le 4 70 0.18?1 2.6727

L?. é ?0 o.l54o ?.2478 -i 25 4 70 o.O9ó9 5.Lê25

t9 t 7o 0.153e V.2515 2 5 ?0 O.ll43 4.?732

26 É ?0 0.15é1 3.2'.i?4 , 9 5 70 0.1121 1.4ê,LZ

! 7 iu u.Lt¿i z.9c)24 :) 
, ao t -7û 

.û.icó, 3.r¡éÈ

I 7 7 7o C.2018 2.47T7 22 5 ?0 0.1485 3.?eé'8

24 ¡ ?O 0.1945 2.5l1e ?9 5 ?C 0.187é 2.êêqê,

31 7 ?C 0.1893 2.e406 .l' 5 6 ?o O.1S?É 2.êê,4e
i'

? e ?o 0.18?ó 2.ê657 12 é 70 0.18?6 2.ê646

!7 8 7C 0.1927 2.t943 ì r lç ê ?0 0.18?5 2.êe.62

8 9 ?O 0.190{ 2.e258 I '.-' 2e, ó ?O 0.18?5 2.êê'62t;
ÌE e ?o O.l9o4 2.e258 3 7 70 0.20é4 2.422ç

23 9 ?0 c.1904 2.6258 ,. 1? ? ?ü 0.23?e ' 2.LOZ3

17 lr. ?o 0.19C4 2.6,258 ù 24 ? ?O 0.2324 2.l4].g

25 I ) 7û 0.1ç04 ?.L258 '^"r' 7 ?C 0.¿3lc 2.Lêtt9

3r lJ ?c o.L922 2.¿0t5 | ? e ?C 0.2?9C 2.Ie3I

? It ?O rì.2029 2.1é.tl ; !? I ?r) 0.2322 2.1534

r-? It ?o 0.222ê. 2.e(ól I 9 ?O C.23r? 2.15?é

¿c ìt ?c 0.235ó Z.tZZl t l8 9 70 0.231? 2.15?ó

¿? tt ?0 0.239? 2.(ì8ól ' 23 9 ?O 0.231? ¿.15?ó

7 l¿ ?û 0.2399 2.0845 ¡? 10 ?0 0.2317 2.157Ó

31 1¿ ?C 0.2i40 z.r3ó8 25 r0 ?o c.e325 2.t5oe

' 3, to ,o o.z3z5 z.tsoz

? 1r ?0 0.?388 2.0934

ti ¡1 ?t ù.24é4 2.0292

20 ll ?o o.¿5ró t.çs?3

2?.tl?o 0.?528 1.9?7ó

., 
? l2 

]3 
o.?5J{ 1.e732

' 3I IZ ?O q.fr9? ?.00?ó

TABLE I X,



TABLE X

CALCULATION OF SAFETY FACTORS

As s umed

US I NG TAYLOR'S

H (Fr.)

DH ( rr.)

L (Fr.)

Tan i

io

f t"t (n.s. r. ¡

D

c,ftH
(rroffi Chart) "

c¿ (B.s.r.)

Safety Factor
(Assunred CU=O.5 K. S. F. )

DESCRI PTI ON

.72
STABILITY NUMBTRS

lr

(AssumedÚ= lt5 P.C.r.)

ST. VITAL SITE

29

5l

220

0.132

7.5

33\o

1.76

o. o89

297

I .68

TACHE AVENUE SITE

z6

43

t20

0.217

12.2

2990

I .65

0 .122

365

1 .37

'k From Taylor's
Iinrited depth

Stat¡ i I i ty Nunrber Chart for the Q=g,
case.



APPEND I X B. RESULTS OF P I EZOMETER READ I NGS
(rornl HEAD ELEVnT r ons) .



DATE

DATE

TABLE XI

TOTAL HEAD IN FEET,ST. VITAL SITE
(7oo roor DATUM rlgvRrlo¡t)

1962

t962

\¡

PÑõ1. JAN
?o I ¡r

FEB-rl c I çl el t I sl ql13116tzs MAR

r4 I zg
APRn l re l v l ls

2

3

4

5

27.8

26.9

26.8

DRY

27.6

26.g

z6.B

DRY 51 .5 4?.9 39. I 38. I 37.4 36.9 36.0

27.0

26.9

35.2

28;7 27

z6

z6

7

9

I

33.1 33.1

27.9

27.0

27.0

33.6

27.7

27.0

z6.B

33.8

27 .7

2.6.2

26.7

33.1

DRY 3l .9

28.8

28. I

27.9

35.2

3l.B

PÑ61. APR

re lzo lzt lzz lz3 l24 l25 lze l27 I ze
MAY

B

I

2

3

4

5

29.0

z8.z

28.0

33.3

32.0

29.2

28.4

28.4

33.5

32.5

29.9

29.0

29.3

33.5

32.6

3l.l
29.B

30.5

33.5

33.0

33.5

33.2

33.5

33.8

33.7

34. I

33.6

34. ¡

33.7

34.6

33.8

34.9

fi.e
35.3

33.7

35.6

32.1+

31.5

3l .0

33.9

35 .8

32.1

3t.3

30.9

33. I
36.0

31 .6

30.8

30. 3

33. 8

36.\

3l .0

29.9

29.5

33.5

36.\

30.7

29.6

?9.2

33.5

36.7

30.4

29.3

zB.9

33.5

37.0

30.5

29.2

zB.9

33.5

37.1



TABLE xt (corurl NUED)

ToTAL HEAD lN FEET,ST. VITAL SlrE
(7oo roor DATUM EuEvRrtoN)

DATE 6

17lzzl24l29l¡l
JUNErl7lt3

962

rglzzlzT
JULY

4 I n I rg I zs
AUG

zl I'ù61. MAY

ri I 16

I

z

3

4

5

30.7

z9.z

29.0

33.4

37.2

30.7

29.3

29.1

33.5

37 .3

30.9

29.\

29.z

33.8

37.6

32.1

30.0

29.5

33.8

37 .9

32.4

30. I

29.7

33.6

37.8

32.8

30.8

30.5

34.0

38.4

33.

38.

c

I

33.3

31.2

30 .9

33.\

31.5

31 .2

33.8

38.5

33.1

31 .4

3l.l

34.0

38.5

33.5

31 .7

31.4

34.0

38.7

33.4

3l.B

3l .4

3\.\

38 .9

33.3

31.6

31 .2

3\.\

38 .9

32.7

30.9

30.6

34.\

38.9

32.1

30. I

29.7

34.3

38.9

31.9

30.2

29.8

34.2

38.8

32.2

30.3

29.9

3\.2

38.7

31.6

29.7

29.3

34.5

38. 8

31.3

29.3

28. B

3\.2

38.6

TE 1962 1963
FEB IMAR I RpN I ¡,IRV

n I rs I e I rs I z
JUNE
zolzB

JULY
Iz I ztt

AUG

7

NOV

ro lzt'ù61. AUG S EPT
7 2tl2

0cT
20

NOV

7

DEC

4

I

z

3

4

5

I

29.3

zB.8

3\.4

38.6

33 I3

29.2

zB.7

34.6

38.7

3l.l
29.2

zB.8

3\.5

38.5

3l .0

zg.z

28.8

34.t+

38.5

30.6

29.2

28.7

34.5

38.4

30.3

28. 8

28.4

34.1

30. I

28.4

28. r

34.5

2e .212e .3130 . I 
| 

30 . 3l 30. 3

I BLocKED I

BLOCKED

r.tl v.o

BLOCKED

BLOCKED

30.3

34. I

30.3

29.\

29.3

35.1

30.6

29.4

29.1

35.4

39.6

30.2

zB.9

28.5

35.3

39.3

030

zB.7

28.\

35.1

39.1

29.7

28.5

28.0

35.0

39 .0

BLOCKED

I

BLOCKED

I

BLOCKED

r.tltt+.t
¡s.al¡a.o

\¡
\¡r



TABLE xl (conrtruueo)

TOTAL HEAD IN FEET,ST. VITAL SITE

(7oo roor DATUM rlrvRrtou)
1965DATE 196\

DATE 1966

FEB

ll29
MAR

2l
MAY I JUNErIn 25

JULY
21

0cr
l6

NOV

I
MAY

3lt3
JULY

29
SEPT
il

0cT
2

NOV

6
DEC

il r9
APRzlro

I

z

3

4

5

34.7

38.6

35.3

39.2

35.0

38.9

BLOCKED

I

BLOCKED

I
BLOCKED

,r.rlrr.u
,r.rlru.,

35.5

39.3

35.3

39.\

34.9

39.0

34. B

38. 8

S UBME RGE D

I

S UBMERGE D

I

SUBMERGED

¡r.81 ¡e.o

uo.ol uo.,

35.6

34.7

35.3

39.5

35.1

34.2

28.0

35.\

39.2

34.6

33.7

27.9

35.5

39.2

34.9

33.7

28.5

35.2

39.0

35.3

34.3

zB.5

35.3

39.1

35.3

34.5

29.o

35 .8

39. I

SUBMERGED

I

SUBMERGED

I

SUBMERGE D

$.aln.g
I

¡g.zl4o.o

,161'
APR
tzl 14l 16l zolzal 30

MAY4ltlzg JUNE
21

JULY
22

0cT
l5

NOV

sllz
DEC

lo I ¡l
I

2

3

4

5

36.3

40. 3

36.6

40.4

36.9

40.7

SUBMERGED

I

S UBME RGE D

I

S UBME RGE D

I

*.tlx.e
Iro. gl 40. z

36.3

40.3

36.6

40.6

36.2

40. 3

36.5

35.4

33.0

36.3

40. I

36.1

35.0

31 .0

36.5

40.0

36.0

35.o

zB.3

36.2

39. B

35.9

34.7

28. B

35.7

39.2

36.2

35.2

29.5

35.9

39.3

35.2

36.3

29.3

35.6

39.0

35.7

34.7

29.3

35.\

39.0

35.6

34.7

29.4

35.9

39.4
!
c¡.\



TABLE XI (CONTINUED)

T0TAL HEAD lN FEET,ST. VTTAL SITE

(7oo roor DATUM ElevRrtou)

\¡\¡

DATE 1967 I 968
JANPÑ6i.

I

?

3

4

5

JAN R APR IMAY JUNE J ULY AUG S EPT 0cT NOV MAR APR

35.6

34.7

29,4

35. B

39.3

35.7

3\.7

zg.4

35.6

39.\

35.3

34.6

29.5

36.2

40.0

35.t

34.5

29.5

36.3

40. r

35.9

39. B

S UBME RGE D
tt

S UBME RGE D

S UBME RGE D

,u.rlru.,lrr.o

,r.rlrr.rl rr.,

38.2

35.1

4t.6

36.2

40. o

35.9

34. B

41.0

36.3

40. r

36.0

34. 8

tg.B

36.1

39.9

35.5

34.5

39.1

35.8

39.5

35.5

34.5

38.7

35.8

39.5

35.5

34.4

¡8.4

35.9

39.6

35.8

34.7

37 .7

36.0

39.5

35.7

34.7

37.4

35.6

39.2

34.9

33.9

35 .1

40. r

34.9

33.9

I

4o I

35

35 .1

34.3

3\.9

4o.o

DATE I968
PÑbÍ JUNE JULY AUG

22
I

z

3

4

5

36.0

34. B

36,,2

\0.2

36.2

34. B

33.9

16.4

\0.2

36.2

34.7

33.3

36.2

\0.2

38. 3

40. r

( cour r ruur o)



TABLE xt (conrtuuep)

TOTAL HEAD lN FEET,ST. VITAL SITE

(7oo roor DATUM ELEvnrlou)

36.1

3ì+.9

40 .9

35.7

39.6

31.6

36.7

35.t+

\2.0

36.0

DRY

DATE I968

23

969
FEB lnen
zz I 13

Y

3
PÑ61. NOV

zg
DEC

2l l0 r9 26 il r9 ?8

6

7

8

o

t0

32.8

52.5

26.4

I 7.0

39.8

22.2

31.3

43.0

38. 8

zg.c

38.(

33.1

zg.0

37.5

33.7

30. I

38. I

29.3

35.4

43.9

34. I

35.9

40. 5

35.8

36.6

43 .0

35.6

36. I

4l .4

36.0

36.4

43.7

34.6

31 .7

3l .0

40 .0

31.9

(coHr t nueo)

!
co



TABLE, xt (conil uuEo)

ToTAL HEAD lN FEET,ST. VITAL SlrE
(7oo roor DATUM rlevRrtor't)

DATE 1969 t97o
JAN

l0 z8 lilPÑ61 JUNE
4 ll I 16

J ULY
rz I 23

AUG

t3
SEP

l0
DEC

20 2t+ I 3l
EB

21 lzg l4 I zt lB l zs
Y

2

I

2

3

4

'5

6

7

8

9

l0

lt

l2

t3

36.5

40.5

30.9

30.5

jg.2

31 .2

36.7

40. I
29.7

30.5

39.\

31 .2

35.8

37.1

36.5

40.5

3l.l

30.5

38.2

30.7

42.3

35.8

36.8

36.\

40.4

3l.l

33.5

37 .5

33.8

34.2

59.6

44.5

16.z

36.7

35.2

\2.7

36.5

40.6

33.0

29.8

37.3

37.1

30.0

39 .8

33.4

36.9

35.8

41 .7

36.8

40.7

33.7

28.9

37.3

36.0

29.8

32.2

44.4

39.2

36.4

40.?

33.7

.28.6

37.1

33.2

29.8

37.1

39 .8

38.6

35.9

35.3

36.4

34.8

40.8

36.0

39.o

29.7

27.9

37 .3

37 .6

29.8

36.4

45.5

3l.B

36.3

35.0

36.0

40. r

27 19

37 .3

36.9

29.8

36.t+

47 .2

32.9

,r,l
40. 

'l
zB.6

27.5

36.6

36.9

29.8

35.9

47 .2

32.9

)5.8

,\.7

36.4

40.3

27 "5

16. I

)4.9

36.0

4o.z

26.6

35.5

I ,r.,
lru.u
I

l:r'+
l4l .t+

1,,.,

6.3

4.7

36 .0

4o.z

27.5

32.7

34. I

29.1

34.8

\6.6

3l .0

)5.3

)4.3

36.21
1

\0.5

27.5

32.7

36.0

29.1

34.1

47 .8

3t .5

5.5

4.4

t

J

40.

27.0

34.3

34. B

29.1

35.2

\6.0

3l.l

)5.7

J\.6

40.6

26.5

33.2

33.7

29.3

35.5

49.0

29.5

5.5

4.7

40.

26.8

34.3

1,u.,

l,'u
l¡r.z

I ur.,

1,0.,

40.3

30.7

38.2

Lu.,

l ru.,

| ,r.,
I ur.,

| ,r.u

4o

35

7l

8

44.2

t6

33

37

47

35

4

I

5

4

0

40.6

33.5

4z.z

35.7

32.5

36.6

47 .4

35.5

!
r.o



TABLE xr (conrt¡ruEo)

TorAL HEAD tñ rert,st. vrrAL srrE
(7oo roor DATUM er-evnttot't)

DATE I97O

@o

PÑbi. MAY

e I t6 lzz I zg
JUNE5lrzlrelze JULY3trzlzal3t AUG

7lt7
SEPT

8 I r8 I zt
0cr
tTlzsl¡l

I

2

3

4

5

6

7

I
9

l0

lt

l2

t3

40. 5

3\.2

\2.4

30.2

37.1

36.2

36.8

35.7

40.5

42.5

32.8

42.2

33.7

30.8

36.0

47.4

37 .l

40.6

4l .8

33.0

4t.9

33.9

30.6

36.0

\6.2

36.2

36.8

35.3

40. 5

38.5

30.6

39.2

33.9

29.2

35.5

46 .0

34.5

37.2

35.7

40.5

40.4

31.5

39.6

33.7

30. I

36.1

46.7

35.t

37.0

35.6

39.2

31.3

37.8

33.0

29.7

35.5

46.0

33.6

37 .0

35.5

42.5

37.3

3t.5

35.9

33.3

26.2

36.0

45. I

35.0

37 .0

35.5

4\.\

39.5

30.2

38. 5

3t.9

28.5

36.0

46 .0

33.6

36.8

35.5

42.\

36.7

31 .7

38.0

33.0

28.3

36.2

\6.2

33 .0

36.6

35 .0

41.9

3l .4

28.3

36.4

31.6

25.5

35.9

\5.5

29.9

36.4

35.0

41 .7

33.0

27.4

36.6

33.0

28.5

35.7

45.5

29.9

36.4

35.o

4t .7

33.0

29.2

37.3

33.7

zB.5

36.6

46 .0

3l.l

36.o

34.8

4t .6

30.7

zB.3

36.4

32.8

27.8

35.7

46.0

29.7

rs.sl

34.71

4l .41

34.4

29.3

36.6

33.7

29.7

36.4

44. B

29.7

35.9

34.7

4l .6

28.3

zB.8

36.\
I

133.5

l,''o
lts.s

lu, 
.

l2B.s

36.1

34.7

40.8

29.1

29.3

t6.4

35.1

33.\

35.9

l*¡.8

29.2

36.5

¡4. B

40.6

30.0

29.6

36.2

34.0

35.0

35.7

4\.9

29.9

36.8

35.8

40.2

30.7

29.9

36.9

35.3

36.1

35.9

l*S.8

31 .3

36 "7

ls.8

40 .2

30.0

29.5

36.6

34.9

36.8

35.9

45.3

31 .5

36.7

35.0

I+O.Z

30.0

29.5

16.6

3\.9

16.6

35.4

45.3

29.\



TABLE xt (coullNUED)

ToTAL HEAD lN FEET,ST. VITAL SITE

(7oo roor DATUM elrvRrton)

DATE lg70
PÑ61. NOV

Tlt3lzolzl
DEC

7131
I

2

3

4

5

6

7

I

9

l0

lt

12

t3

36.9

35 .1

39.9

28.4

zB.B

35.7

33.4

35.4

34.5

45. B

29.5

36.9

35 .1

39.8

28.4

zB.3

35.0

3?.8

35.0

3\.5

\4.2

i0.2

36.7

35 .1

39.8

27.6

z6.o

33.9

32.5

33. 8

33.\

43.9

27 .6

36.\

34.8

39.6

27.6

26.9

34. B

33.0

33.6

33.4

\3.2

27.6

36.4

34.8

39.t+

29.7

28.3

36.8

35.5

36.1

35.7

45.8

29.9

36.\

35.2

39.1

28.3

36.8

36.2

35.6

35.7

45.8

29.9

æ



TABLE XI I

TOTAL HEAD IN FEET,,ì,,, AVENUE SITE
(7oo roor DATUM Elrvnrtoru)

DATE

NOV

26

969
DEC

20

197c
JAN

l0 l

I FEBz\ lzt 28
MAR

4 l4 2l 28
APR
ll r8

I MAYzsI z 9 16 22 29
UNE

l2 l9

I

2

3

4

5

6

7

I
9

l0

35.7

36.5

36.2

49.4

35.4

39.8

55.7

t+3.9

33.6

32.8

39 .4

I+5.5

33.8

38. B

53.2

43.6

54.3

35.3

30.5

37.8

32.8

33.8

37 .2

53.6 53.2

48.7

56.5

36.0

29.5

35.6

30. õ

33.6

34. B

43.7

41.5

4l.z

52.9

35.9

23. I

32.9

30. õ

30. I

31 .9

40.0

41.5

48.0

50.7

35.3

21.2

32.4

30. õ

30. I
30.9

40.7

42.5

46.2

49.5

35.7

23. I

32.9

30. õ

31 .9

30.7

4t .6

38. 5

47.7

35.7

17.3

32.9

¡0. õ

31 .9

30.5

43.5

37.6

t+6.6

35.t

32.7

l9.B

33.1

30õ

32.2

?9.3

47 .9

37.6

28.9

50.9

37.6

22.1

34,8

24.9

32.4

30. õ

32.2

27.9

\2.5

37.6

3t.-6

25.6

35.3

25.9

32.2

30. õ

34.9

27 .7

40. o

37 .-6

31 .6

3l.B

39.2

29.5

34.0

44. B

36.1

32.8

40.0

37.-6

31.6

33.7

29.9

30.0

33.8

48.0

38. 4

3t.9

40.0

37.-6

3t.6

33.7

3l.l
29.7

34.5

47 .6

36.8

30 .9

48. 3

37 .-6

31 .-6

34. I

37 .3

29.8

35.0

47.6

36.8

32.1

48. B

40.4

34.6

T.t+

38.2

29.8

35.0

47.6

36.8

31 .6

49.7

39.9

35.t

T.I+

37.6

29.1

34.5

\6.2

35.\

31.4

45.9

39.2

36.0

33.2

38. I

29.3

31.7

\\.3

34.0

30.5

+0. õ

38.9

36. I
30.2

37 .1

28.6

27.8

43.4

33. B

30 .0

co
N)



DATE

TABLE xn (co¡¡INUED)

TOTAL HEAD IN FEET,TACHE AVENUE SITE
(7oo roor DATUM e lrvRt t ot't)

1970
JUNE J ULY AUG SEPT 0cT NOV DEC

P'l,i''z' I

I

2

3

4

5

6

7

8

9

t0

42.7

39.2

36.2

3l.B

36.9

29. I

zB.3

40.9

32.6

28. o

44.4

43.4

36.5

31 .6

37 .1

28.4

26.8

4l. r

33.1

26.B

47 .9

39.4

37 .z

3l.l

35.7

zg. I

25.0

37.9

33.5

25.9

49.5

4l .5

37.2

30.7

35.5

28.0

z\.7

36.9

32.3

24.7

47.9

41 .5

37.\

30.0

35.5

29.3

23.6

37.4

32.8

25.0

\7.9

40.8

37.\

29.5

35.0

29.3

22.7

37.\

32.8

zt+.3

40.0

4l .3

37.4

29.5

35.0

28.4

22.5

36.0

32.8

23.3

4t.6

41.8

37 .4

zB.4

3t+.6

28.4

23.2

35.5

32.B

23.1

46.9

41.5

38. I

28.4

35.0

28.2

25.0

32.8

23.5

47.4

4t.5

37 .4

28.6

34.\

27.9

26.4

3\.6

32.8

23.5

46.7

4l 't
39.5

28.6

3\.6

27.3

28.3

3\.6

32.2

24.9

28.8

35.3

27.5

27.8

34.6

39.9

25.8

46.2

28.4

35.0

27 .0

27.8

3t+.2

32.2

25.9

46.7

38.5

27.7

35.0

26.1

27.8

33.5

3l .0

25.0

46.5

27.2

33.9

25.6

26.7

3l .2

30.6

24.7

27,2

32.2

25.\

26.7

30.6

24.7

27.0

31.8

z\.9

25.5

30. 3

24.7

32.9

26.5

27.6

32.6

26.8

t+7 .9

27.7

32.9

25.6

28.7

3l

26

9

æ
t9)



APPENDIX C. RED RIVER ELEVATIONS.



I

z

3

4

5

6

7

B

9

l0

lt
l2

l3

l4

l5

t6

17

IB

t9

20

21

22

23

z\
25

26

27

2B

zg

30

3l

TABLE XI I I

RED RIVER ELEVATION AT
JAMES AVENUE PUMPING STATION

I 968t967

26.2

25.4

PR IMAY

32.7

33.1

33.7

34.0

JUN J

35.0

3.7

25.8

3.9

4. r

B5

33.7

35.2

4.4

26.2

4.2

3t .7

4.0

1.0

34.9

3\.2

33.7

34. I

26.4

30.6

33.9

33.8

27 .3

27.5

z7.B

zB.4

29.9

3l .l
32.0

NOTE: Add 700 to gauge height to obtain elevation of river
i n feet.

34.3

3\.6

35.1

33.6

33.4

33.7

33.6



DAYI ocr I nov

TABLE xrrI (corur¡¡uro)

RED RIVER ELEVATION AT

JAMES AVENUE PUMPING STATION

I

2

3

4

5

6

7

I
9

l0

ll
l2

r3

r4

t5

r6

t7

r8

l9
20

2l

22

23

z4

z5

z6

z7

28

z9

30

3l

33.5

33.0

32.5

31 .9

3l .4

30. B

30 .3

zB.5

27.9

27.8

27.8

27.7

27.5
27.7

968
DEC

27.6

t969 ,

JAN lrEs lmnn lnpR
27.8 28.1 27.8 28. ì

Y UNE

36.0

4\.2

34.0

27.9

B6

27.7 27.9 27.9

44. o

43.6
44.6

45. B27.8

34.6

43 .8

43.4

\4.6

33.7

42.1

NOTE: Add' 700

of river

39.8

45.8 3B. I

37.0

to gauge height to obtain elevat¡on

in feet.



TAbLE XI V
RED RIVER ELEVATION AT REDì'IOOD BRIDGE, MEASURED BY DEPARTMENT OF ENERGY, MlNES AND RESOURCES

-=-
1966 OBTAINED FROM MAN [T0BA IíATER CONTROL AND CONSERVATI 0N U*O*rtl,,*,. 
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DEPART}¡TNT OF EI.JERGYI MINES AND RESOURCES - INLAND WÂ1'ERS BR^I'IC}I

TABLE XI V (CONTI NUED)

DAILY GÂUGE HEICHTs
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'.. -." AÂ tñicñt r u¡- ENERGY¡ À{l¡iES ÂND RESOURCES .- l:.¡LAND \{ATERS ERANCH - v/ÂTER SURVEy OF CAt{,4DA: . : TABLE XtV (COruilNUED)tn9LL /\t v \vvttt tttvLv/.
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TABLE xtv (corurlruueo)
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APPENDI X D. RESULTS OF
(Hon r zoNTAL

SLOPE INDICATOR READINGS
movEnrNr)



TABLE XV
ST. VITAL SITE SLOPE INDICATOR NO. I

NORTHI,/ARD DEFLECTI ON IN INCHES

?:t'ï jii'\r r.¡r 
30

2 -o.t\6
4 -0.150
6 -0. il4
8 -0.060

I 0 -0.030
12 -0.030
r 4 -0.030
16 -0.0 t B
l8 -o.olB
zo -o.006
220
24 -o.oo6
26 -0.006
zB0
300
32 +o.oo6
34 +c.oo6
36 -0. OO6

390

FEB

12

-0. r 68
-0 .126
-0.072
-o .036
-0.0 i8
-o'036
-o'036
-0 .030
-o'036
-0.042
-o.o4z
-0 .048
-o'054
-o.o4z
-0 .030
-0.0 l2
+0.006
-o . oo6,0

JUL
23 3l

- 4. 458
-3.95t+
-3.372
-2.706
-2.292
-2.310
-2.30t+
-2.286
-z.z8o
-z.z86
-2'27 4
-2.292
-2.304
- r .986
-1.206
-0.492
-0.192
-0.072

00

tg6g)

APR JUNE SEPT OCT
2234

-0.582 -0.534 -0.672 -0.906
-0.528 -0.504 -0.6s6 -0.846
-0.468 -0.468 -o.5gz -o.lss
-o.4oB -o.4oz -o.4gg -0.6\z
-0.154 -0.s36 -0.384 -0.534
-0.$e -0.360 -0.408 -0.540
-0.360 -o.lsh -o:402 -0.522
-0.366 -0.1s+ -o.4oz -o.5lo
-0.372 -0.360 -0.t+02 -0.504
-0.372 -0.372 -0.408 -0.504
-0.360 -0.372 -o.4oz -0.4g2
-0.360 -0.¡84 -0.4t4 -0.498
-0.360 -0.390 -0.420 -0.504
-0.306 -0.330 -0.348 -0.438
-0.174 -0.204 -0.204 -O.Z7O
-o.086 -0.132 -0.156 -0.t74
-0.036 -o.060 -0.078 -o.o9o
-o.oz4 -0.036 -o.o4B -o.o4B

000-0

DEC

117
-3.228 -3.498
-2.90t+ -3.138
-2.5a? -2.688
-1.986 -z.t4z
-1.650 -l.7BB
-1.6ltr -l.B06
'1 .662 -l.806
-1.644 -ì.800
-r.368 -t.806
-1.6¡g -l.Bl2
-1.632 -r.806
-1.650 -r.8lB
-1 .656 -1.824
-1.+¡4 -1.584
-0.786 -0.846
-0.41 4 -0.\26
-0. I B0 -0. I 68
-0.078 -o.060

00

t97o
FEB

6

-4.ol,r
-3.612
-3.072
-z .454
-z.os9
-2'094
-2. I 00
-2'094
-2.106
-2. I l8
-2 .1 12
-2.130
-2.142
-1 .B\2
-0.942
-0.456
-0. I B0
-0 .066

0

AUG

28
-4.974
-4. 404
-3.780
-3.120
-2.640
-z.68z
-2.682
-2.664
-2'659
-2.658
-2.646
-2'670
-2.664
-2.27 4
-r.182
-0 .588
-o'234
-0 .084

0

SEPT
25

-5. I 48
-4.548
-3.888
-3. ì86
-2'67e
-2 .7lz
-2 .7 tB
-2.706
-2.706
-2.7 t8
-2 .7lz
-2.736
-2.724
-2.328
-1.2ìB
-0.6r8
-0.252
-o'o9o-0

(Slope indicator instal led January 13,

io
N)



TABLE xv (co¡¡rtNUED)
ST.VITAL SLOPE INDICATOR NO. I

NOF.THWARD DEFLECTION IN INCHES

1970
DEPTH OCT(rr.¡ 29

2 -5.232
4 -4.6126 t.geeB -l.z5z

lo -2.742
12 -z.tB4
l 4 -2.784
r6 -2.766
lB -2.766
20 -2.766
zZ -2.7 t+B

z4 -2.760
z6 -2.724zB -z.tl4
30 -1.212
32 -0.606
34 -0.252
16 -0.906
390

NOV

z6
-8. BBB

-7 .686
-6.366
-4.Bts
-3.762
-3 .804
-3.822
-3.798
-3.780
-3.774
-3.750
-3.756
-3.750
-3.276
-1 .572
-0.696
-0.228
-o .066

0

DEC

3
-9. I 44
-7 .938
-6.570
-5.010
-3 .900
-3.942
-3.966
-3.942
-3.930
-3.930
-3.912
-3.924
-3.906
-3.384
-1 .566
-0.702
-0.234
-0 .066

0

l0
-9.240
-B.ozz
-6.648
-5.088
-3.972
-4.01 4
-4.026
-4.0 t 4
-4.008
-4. oo8
-3.996
-4. 0l 4
-4.008
-3 .456
- I .584
-0.7r4
-0.246
-0.066

0

30
-9.582
-B.3to
-6.888
-5.274
-4 .152
-4.182
-4. I 94
-4.164
-4 .164
-4. I 58
-4.146
-4.132
-4.140
-3.582
- r .584
-0.696
-0.228
-0.066

0

\o
\^)



1969
DEPTH JAN(rr.) 3oz -o.lz6

4 -o.og6
6 -0.066
B -0. o3olo -0.036

12 -0.042
I 4 -o. o4B
I 6 -0.054
I I -o.060
?o -o.060
22 -0.072
z\ -o.oB4
z6 -0.096
28 -0.096
30 -0.066
32 -0.036
l4 -o.olB
36 -o.o l2
390

1970
DEPTH FEB(rr.) 23z -\.7\o

4 -l+. ¡og6 -t.ay,
B -3.300
lo -z.g5B
12 -z.gïz
l4 -z.ggz
l6 -2.g76
l8 -z.gïz
20 -2.976
22 -z.gsz
24 -2.964
2'6 - 3.01228 -z.l4g
30 - I .620
32 -o.BBB
3\ -o.4zo
16 -0. I 50
390

TABLE XVI
ST. VITAL SITE SLOPE INDICATOR NO. I

EASTWARD DEFLECTION IN INCHES

FEB

12
-0. l68
-0.t50
-0. l38
-0. I t4
-0.102
-0.Ir4
-0. 120
-0.126
-0. I 44
-0. 144
-0. r 56
-o.t6z
-0. r 68
-0. r56
-o .096
-0 .066
-0.036
-0.012

0

APR
2

-0.708
-o'630
-0.552
-0. 486
-o .450
-0.456
-0.462
-0.480
-0. 486
-0.\92
-o .486
-0.492
-0.512
-0.474
-0.306
-0.192
-o .096
-0 .030

0

AUG

2B
-5.364
-4.860
-4. 3 r4
-3.744
-3.330
-3.372
-3.384
-3.390
-3.396
-3.402
-3.408
-1.44\
-3.\92
-3.t62
- r .836
- 1 .026
-0.\gz
-0. I Bo

0

JUNE
2

-0.666
-o.6zt+
-0.570
-0.5 t 0
-0.462
-o .486
-0.492
-o .4gB
-0.510
-o .516
-0 .510
-0.528
-0 .564
-0 .516
-0.360
-o.z\6
-0. r 44
-0.054

0

SEPT
25

-5.4t2
-4.908
-\.356
-3.744,
-3.300
-3.360
-3.378
-3.378
-3.390
-3.396
-3.390
-3.420
-3.468
-3.138
-ì.BrB
-r.ot4
-0.480
-0. r 74

0

SEPT

3
-0. 750
-o .684
-o .630
-0.558
-0.498
-0.510
-0.522
-0 .534
-0.546
-0. 558
-0.566
-0.582
-0.6ìB
-0.570
-0.408
-0 .2BB
-0. I Bo
-0 .078

0

0cT
29

-5 .490
-4.988
-4.41 6
-3 . Bo4
t.378
-3.41 4
-3.\26
-1.426
-3.436
-3.\20
-3.408
-3.438
-3.\92
-3.156
- r .836
- I .020
-0.\92
-0. t Bo

0

0cT
\

-t.013
-0.935
-0.846
-0.732
-o .648
.0.654
-0.65\
-0.660
-0.672
-0.672
-0.660
-0.678
-0 .708
-0.666
-0.474
-0.342
-0.?16
-0 .090

0

NOV

26
-9.756
-B.sgo
-7.254
-5.676
-4.602
-4 .el,r
-4.698
-\.692
-4.692
-\.69?
-4.686
-4.710
-4.752
-4.350
-2'304
-r.r46
-0.486
-0. r 56

0

DEC

I
-¡ . B84
-3.072
-2.7 tB
-z.z86
-2 .0 l0
-2 .040
-2.046
-2.052
-2.064
-2.064
-z.o52
-2.070
-2. I 12
-t.950
-1 .206
-0.690
-0.336
-0.126

0

94

17
-3.G75
3.363
-2.991
-2.535
-z.z4l
-2.277
-2.295
-2.307
-2.319
-2.325
-2.3t6
-2,334
-2.376
-2.196
-1.338
-0.762
-0.366
-0.132

0

1970
FEB

6
-4.488
-4.092
-1.648
-3.132
-2.796
-2.82.0
-2.820
-2.826
-?.826
-z.926
-2.8t4
-z.8z6
-2.856
-2.610
-l .548
-0.870
-0.420
-0.150

0

JUL
3l

-5.196
-4.728
-4.224
-3.666
-3.246
-3.294
-3.312
-3.32\
-3.336
-3 .348
-3.354
-3.384
-1.444
-3.132
- t .836
-1 .026
-0.498
-0. r86

0

DEC

3
-l0.ll0
.8. BBo
-7.\9\
-5 .91 0
-\.812
_4.902
-4.938
-4.938
-\.944
-4.944
_4.926
-4 .950
-4.986
-4.560
-2.32?
-r.r5B
-0 .486
-0. r 56

0

l0
-10.230

-B .994
-7.596
-6 . ooo
-4 . B7B
-4.962
-4.998
-4.998
-4.998
-5 .004
-5.004
-i.o4o
-5.oBB
-4.626
-2.328
-r.t64
-0. 480
-0. r 56

0

30
-10.572
-9.306
-7 . BB4
-6.252
-5.llB
-5.214
-5.250
-5.?44
-S.Zht+
-5.238
-5 .21t+
-5.238
-5.z9o
-4.Blz
-2.36\
-t. r64
-0 .480
-0.144

0



DEPTH
(rr.)

z
4
6
I

l0
12
l4
16
IB
20
22
z4
z6
2B

30
32
34
l6
¡B

1969
JAN

30
-0.120
-0
+0 .0 l2
+0 .030
+o .036
+0. o,re
+0 .030
+0 .030
+0.030
+0. oz4
+o.otB
+0. oo6
+0. oo6
+0.006
+0 .0 l2
+0. oo6
-0
+0 .012
+0 .0 l2

TABLE XVI I

sr. vr rAL s r rE slopc l uot cÂroR ru0.
DEFLECTION IN INCHES

NORTHI^/ARD

FEB APR JUNE
1222

-0.168 -0. t98
-o.o3o -o.o7B
- 0 -o.o48 -0.030
+o.oz4 -0.024 -0.042
+0.036 -0.0t2.-0.036
+0.036 -0.006 -0.036
+0.024 -0.0t8 -0.042
+o.olB -0.024 -0.048
+0.0 t 2 -0 .030 -0 .066
- 0 -0.036 -0.072
-0.006 -0.048 -0.072
-o ot8 -0.066 -o.o84
-o.otz -o.060 -o.o7B
-o.olz -o.o6o -o.o7B
-o.oo6 -0.054 -0.072
-o.oIz -o.054 -o.o7B
-o.oz4 -0.060 -o.o7B
- 0 -0.006 -0.0t8
+0.006 +0.012 +O.OO6

SEPT OCT

34
-0. r 38 -0.246
-o.oIB -o.060
- 0 -0.036
+0.0t8 -0.018
+o.oz4 -o.006
+o.olB - o
+0.006 -0.0 I 2
-o.oo6 -o.orB
-o.otB -o.oz4
-0.030 -0.030
-o.o4z -o.o\z
-0.066 -0.066
-0.066 -0.066
-0.066 -0.072
-0.066 -0.072
-0.078 -o.oB4
-o.oB4 -o.o9o
-o.oz4 -0.024
+e.006 +o.ol2

2

DEC

I
-0.336
-0.162
-0. I 44
-0.126
-0.120
-0 .126
-0.162
-0. I B0
-0. I 92
-0 .204
-0.216
-o'234
-0.234
-0.240
-0 .240
-0.252
-0 .258
-0 .090
-0

2 +0.048
4 +o.olz
6 +0.036
B +o.oo6

I o -0.024
12 -0.060
I 4 -0. o6o
l6 -o .072
lB -0.078zo -o.oB4
22 -0.090
24 -0. r02
26 -0.102
zB -0. ì08
30 -0. t0B
32 -0. t20
34 -o.tz6
36 -0.036
38 -0

95

17
-0.384
-0. r 56
-0.132
-0.It4
-0. t0B
-0. I 20
-0. I 50
-0. r 68
-0. r98
-0 .21 0
-0.228
-0.252
-o'z5z
-o.z5B
-0.264
-0.282
-0.29t+
-0. I 0B
-o . 006

1970
FEB

6
-0 .306
-0.174
-0.162
-0. r 56
-0. I 56
-0.162
-o.zo4
-0.23\
-0.246
-o.zs9
-o'z7o
-0.288
-0. zBB
-0 .300
-0. 306
-0.330
-0.342
-0.126
-0

-o 'o78
-0.078
-0.084
-0.090
-0.090
-0.120
-0.126

EASTI,IARD

-0.528 - -0.324
-0.510 - -0.390
-0.522 -0.474 -0.486
-0.534 -0.552 -0.576
-0.552 -0.612 -0.642
-0.588 -0.672 -o.7oz
-o.600 -o .690 -o .7zo
-0.624 -0.71 \ =0.750
-0.636 -0.732 -0.774
-0.642 -0.744 -0.798
-0.648 -o.l6A -o.B82
-0.660 -o.7Bo -0.846
-0.666 -0.786 -o.B5B
-0.672 -0.792 -0.870
-0,684 -o.Bo4 -0.876
-0.696 -0.816 -0.900
-0.696 -o.Blo -0.894
-0. l9B -0.256 -o.z\z
-o.oo6 -o.oo6 -o.oz4

23
-o.l7B
-0.2\6
-0.222
-0 .204
-0.192
-0.210
-0.246
-0.264
-o'276
-0 .2BB
-0. 300
-0.324
-0.324
-0. 330
-0.330
-0.348
-o.ts4
-0.126
-0

-0. r 38
-0. I 44
-0. r 50
-0. r56
-0.162
-0. I 68
-0. tB0
-0. I 86
-0 . tgz
-0. r98
-0.042
+0 .01 2

-0.396 -1 .758
-0.408 -1.938
-0.5r6 -z.osg
-0.6t2 -2.172
-0.684 -2.262
-o .744 -2.lsg
-o .768 -2.412
-0.792 -2.490
-0.81 6 -2.562
-o.B¡4 -2.60\
-o.B5z -2.634
-o .876 -2.652
-0.888 -2.676
-0. Bg4 -2.700
-o .924 -2.706
-0.948 -2.7t+g
-0.9¡e -2.66\
-o.zla -0. B7o
+o.otz -o.036

-2.112 -3.198
-2.t54 -3.054
-2.292 -3.000
-2.\12 -2.976
-2.514 -3,006
-2.616 -3.oge
-z.68z -3.174
-2.784 -3.306
-2.87\ -3.414
-z.gl4 -3 .486
-2.976 -3.522
-3.006 -3.540
-3.024 -3.570
-3.048 -3.594
-3.060 -1.606
-3 ' loB -3 '65t+
-3.01 B -3.570
-0.990 -1.140
-0.0$2 -0.054

Note: Slope indicator was instal led January 13,
and fa i I ed after Feb ruary 2J, 1970 .

-3.k50
-3.312
-3.228
-3.162
-3. lB0
-3.270
-3.354
-3.492
-3.612
-¡.684
-3.726
-3.756
-3.786
-3 .8 ì0
-3.Bzz
-3.876
-3 .77 4
-r. r94
-0.054

1969



TABLE XVI I I

TACHE AVENUE SLOPE INDICATOR NO. I

DEFLECTION IN INCHES 
.

N ORTHI^/ARD EAST\^'ARD

1969 1969 t97o

DEPTH DEC DEC FEB JUL AUG SEPT OCT NOV(rr.¡ B :16 B t6 24 6 4 31 t4 2B t4 25 t3 29 t2
z.? 0.036 0.138 -0.342 -0.732 -t.056 -1.752 -1.992 -3.tzo -3.072 -3.054 -3.048 -3.372 -3.3g0 -3.396 -3.396
4.2 o.osA 0.150 -0.360 -0.774 -t.134 -t.B4z -z.o7o -3.zlo -3.296 -3.zho -3.23\ -3.t+7t+ -3.510 -3.510 -4.050 

i6.2 0.066 0.17\ -0.384 -0.8t6 -1.212 -t.938 -z.tS4 -3.\26 -3.426 -3.\38 -3.426 -3.588 -3.624 -3.624 -t+.170
B.2o.054o.l56-0.4l4.0.85z-1.26o.2.oo4-2.22o.3.564-3.564-3.57o-3.57o-3.7|4-3.74\-3.738.\.zgo
10.2 o.o6o 0.162 -0.438 -0.889 -ì.308 -2.088 -2.3t6 -l.7OB -3.708 -3.714 -3.720 -3.846 -3.876 -3.86\ -\.428 i,

tz.2 o.o7z o.l68 -0.462 -0.930 -1.362 -2.zoz -2.436 -3.882 -3.g76 -3.BBz -3.8g4 -4.008 -4.038 -4.020 -4.602 i
i14.? 0.072 0.174 -o.4Bo -0.984 -1.440 -2.346 -2.592 -\.122 -4.il6 -4.llo -4.128 -4.22\ -4.254 -4.242 -4.830 j

16.2 o.o7B 0.186 -0.504 -1.044 -t.st6 -2.fi8 -z.Boz -4.\zz -4.404 -4.404 -4.4t 6 -q.\g4 -u.518 -4.524 -]].nB 
ì

lB.2o.o7Bo.192-o.49B-l.o32-l.5l.B-2.5oz-2.76o.4.3so.4.lzo-4.3z6.\.33z-4.4l6.4.43\-l+.434-5.o46
20.20.0660.|62-0.456-o.94z-l.3B6.2.z5o-2.4go-3,BBz-l.B64-3.B7o-3.BB2-3.942-3.g54-3.966-4.53o
22.2 0.012 0.066 -0.3t8 -0.660 -0.984 -1.542 -1 .716 -2.634 -2.610 -2.628 -2.640 -2.652 -2.682 _2.692 _3.066 

,24.z -0.otB -o.oo6 -o .t3z -o.2BB -0.456 -0.660 -o .739 -t.ogz -1.07\ -t.ogz -t.tzz -t.o9B -1.134 -l.l l0 -1.284
26.2 -o.ot2-o.otB o.otB 0.036 o o.072 0.072 0.234 0.234 0.222 0.186 O.Z3\ O.l98 0.44 0.216
28.2 0.006 o.ol2 0.048 o.oZB 0.060 o. r50 o.t6z 0.342 0.318 o.3zu o.2BB o.Te o.3tz 0.336 o.llo :

30.2 0.012 0.024 0.036 0.066 0.049 0.il4 0.132 0.276 0.246 0.252 0.234 O.Z7O O.Z4O 0.270 0.26\
32.2-0.0060.0060.0240.o42o.0300.o6oo.o78o.l8oo.l56o.16zo.l5oo.|74o.l44o,|74o.|62
3\.2 -0.006 o o.oo6 0.0r2 0.006 0.018 0.024 o.o7B o.060 0.066 o.060 0.072 0.066 o.o7z 0.072

\0
o\

Note: Slope indicator was installed Dec. l, ì969 and failed after Nov 12, 1970 by

becoming blocked .(pinched off) at the 25 foot depth.



TABLE X I X

TACHE AVENUE SLOPE INDICATOR NO.
DEFLECTION IN INCHES

NORTHI,/ARD EASTÌ^/ARD

1969 1969 1970
DEPTH DEC DEC FEB(rr.¡ B t6 B t6 z4 6 zlI 0.003 o.¡84 -0.5t6 -t.168 -2.064 -3.390 -3.822

3 -0.003 0.276 -0.402 -t.lt6 -1.680 -z.Bo2 -3.240
5 -0.021 0. t6B -0.300 -0.870 -l.3oB -2.220 -2.614
7 -0.033 o.o6o -o.zo4 -0.588 -0.900 -1.554 -1.936
9 -0.057 0.006 -o.o4B -0.174 -0.258 -0.444 -0.6g6il -0.057 -0.0t2 0.036 o.o4B 0.096 o.l50-0.024l3 -0.057 -0.0t2 o.o6o 0. I l4 o.2lo 0.330 o. lB0l5 -0.051 0 0.048 o.ogo o.t86 0.289 o.l38t7 -0 .057 0 .006 0.024 0.042 o. I 20 o. I B0 0.024l9 -0.057 -0.006' o.0tB 0.0t2 o.oB4 o. toB -0.042

2l -0.048 -0.006 o.olB -0.012 o.o6o 0.072 -0.07223 -0.036 o 0.012 -o.ol2 o.o4z 0.054 -o.o7Bz5 -0.018 0.024 0.012 -o.olB o.0lB 0.030 -o.o7Bzl -0.006 0.042 o.oz4 -o.otg 0.0t2 0.036 -0.06029 -o.oo6 0.036 0.036 -0.006 0.036 o.060 -0.036
31 -O.OO6 0.030 O.O4z O.Oo6 0.054 O.o7B -0.012
33 -0.012 o.oz4 o.o4B 0.012 0.054 0.084 o
35 -0.012 o.otB o.o4B 0.012 o.o4B o.o7g o
37 -0.012 0.012 0.048 o 0.042 0.066 -o.oo6
39 -0.018 0 0.030 -0.006 0.024 0.036 -o.olB
4ì -0.030 -0.otz o.olB -o.006 0.012 o.oz4 -0.024
43 -o.oz4 -0.006 0 -0.006 o 0.006 -0.024
45 -0.006 o -0.oo6 -0.006 -0.oo6 -0.006 -o.0lB

I97O EASTI,JARD
DEPTH MAY JUNE JULY AUG SEPT(rr.) zz tz 3l 14 2g 14 z5r -6.492 -6.606 -7.218 -l.o9B -7.128 -7.470 -7.gïo

3 -4.9r4 - 4.962 -5.418 -5.370 -5.39U -S.5gB -6.060
5 -3.348 -3.330 -3.762 -3.648 -3.702 -3.738 -4.152
7 -1.776 - l.BtB -2.046 -1.932 - l.9Bo -1.8n -2.244
9 -0.732 -0.756 -0.888 -0.174 -0.928 -0.606 -0.930

I I -0.078 -0.120 -0.2t0 -0.0&lr -0. t50 -0.102 -0.186
l3 0.186 0.144 0.060 0.t80 o.t20 0.3s4 0.084r5 0.2t0 0.174 0.084 o.l98 o.t38 o.ls4 0.096t7 0. 1 38 0. t 08 0 .024 0. 1 20 0.060 0 .270 o.0 t Bl9 0.063 o.oz4 -o.o4B 0.030 -0.030 o. l68 -0.054
21 0 -0.024 -0. t08 -0.048 -0.078 0. il4 -o.og0
23 -0.024 -0.048 -0. t20 -0.066 -o.og6 -o.o7g -0. loB25 -0.036 -0.060 -0. il4 -0.078 -0. t02 -0.060 -o.ll4
27 -o.oz4 -o.o4z -0.096 -0.066 -o.oB4 0.066 -0.096
29 0.006 -0.0t2 -0.060 -0.048 -0.060 o.oB4 -0.066
3l 0.030 0.006 -0.036 -0.030 -0.036 0.090 -0.036
33 0.036 0.0t8 -0.024 -0.012 -0.02\ o.o96 -0. ì02
35 0.030 0.0t8 -0.0t8 -o.0lz -0.024 0.084 -0.012
37 0.0r2 0 -0.030 -o.oz4 -o.o4B 0.054 -0.024
39 0.006 -0.012 -0.04B -0.042 -0.060 o.olB -0.030
4l -0.006 -0.0t z -0.054 -0.030 -0.060 0 -0.018
43 -0.006 -0.0t8 -0.042 -0.02\ -o.o48 -0.006 -o.olz
45 -o.oo6 -0.024 -0.024 -0.030 -o.oz4 -o.oo6 -o.ot2

Note: Slope indicator was instal led Dec l, 1969
by becoming blocked (pinched off) at the B

APR MAY

27 17
-5.178 -5.760 -6.060
-\.090 -4.440 -4.626
-3.olB -¡. rì4 -3.186
-1.914 -l.B3o -1.73t+
-0.798 -0.768 -0.690
-o.lzo -o.lt4 -o.o4z
0. 150 0. 150 0 .222
0.r56 0.r68 o.z4o
0.042 0 .072 0. I 50-0.024 0 0.072

-0.066 -0.048 0.024
-o. o78 -0 .066 0.006
-o.o7B -0.066 o.006
-0.060 -0.048 o.oz4
-0.036 -o.oz4 0.042
-o.ot2 -o.006 0.054

o o. 006 o. o6o
-0.006 o. oo6 0.048
-o.oz4 -0.012 0.024
-o.oz4 -o.otB o.oo6
-0.030 -0.024 -0.006
-0.030 -0.012 -0.012
-0.030 -0.006 0

OCT NOV

t3 29 t2 19
-8.0¡B -B.oo4 -8.880 -ll.ì00
- 6. oì 2 -6.05\ -6.744 -8.874
- h.t1z -4.1 l 6 -4.620 -6.594
-2. t90 -2.172 -2.\96 -4.170
-0.906 -0.864 -0.948 -t.374
- 0. I 74 -0. I 38 -0. I 20 -0.030
o.o9o 0.144 0.132 0.276
o.o96 o.l50 o.ll4 0.lBo
o.0tB 0.072 0.024 0.012

-0.054 -o.ol2 -o.060 -o.o6o
-0.096 -0.060 -0. l0B -0.102
-o.ll4 -0.078 -0..l26 -0.120
-0.120 -0.072 -0.126 -0.126
-0. I l4 -0.060 -0. l0B -0. I ì4
-o.o78 :0.036 -0.066 -0.066
-0.042 -0.012 -0.030 -0.030
-o.o30 -0.006 -0.012 -o.006
-o.oz4 0 -0.006 0
-0.024 -0.018 -0.012 -0.006
-0.036 -0.036 -0.030 -0.024
-o.o4B -0.042 -0.030 -o.oz4
-o.o4z -0.036 -O.OZ4 -O.Oz4
-o.o3o -o.oz4 -o.olB -o.olB
and failed after Nov 19, 1970
foot depth.
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TABLE XX

DEVIATION IN RESULTS OF ANALYSES ASSUMING

VAR I OUS D I STR I BUT I ONS OF TOTAL \^/E I GHT BETWEEN BLOCKS

CASE ASSUMED DIRECTION OF VERTICAL FORCES

ON SIDES OF CENTER BLOCK aol".,

DEGS.

BLOCK
AL SITE

ADJUSTE D WE I GHTS , KIPS
ACHE AVENUE SITE

ADJUSTED BLOCK \./E IGHTS ,
I

AÕN,tì
DEGS.

ORIGINAL r34 372 l85 0.0 6t.4 t09.0 85.0 0.0

I 121 404 166 0.7 55.3 123.6 76.5 0. ì

2 121 366 20\ r.4 55.3 106. 6 93.5 1.7

3

-'fQ¡:=.-
t47 340 zo4 0.7 67 .5 94.4 93.5 0.1

4 lfJl.- 147 378 166 r.4 67 .5 lr 1.4 76.5 r.9

,'. NOTE: AÕi is tn" deviation ¡n ÕA from that found using unadjusted (original) block weights. \o
oo



APPENDIX E. DEFINITIONS OF TERMS USED



DEFINITIONS OF TERMS USED

The following terms are commonly used in the field of soil

engineering.

Cohesion That component of shearing resÎstance which is

independent of the normal forces acting on a shear pìane.

is enclosed in a split box

dividing the two halves of

Effecti ve Stress

Direct Shear Test A strength test in which the soil specimen

through the soi I skeleton by means of grain-to-grain contact.

(a simpl ified def ini tion)

slope failure.

Friable Having the property of being readi ly crumbled into

small nuggets.

and is forced to shear along the plane

the box.

The component of stress which is transm¡tted

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

free water.

lnterqranular Frictional Force The force transm¡tted

100

Hydrostati c Force

through frictional interaction of soil grains due to an induced tendency

to shear.

through the water contained between soi I particles.

Nuggety- Consisting of discrete small polygonal fragments.

The force exerted on a soi ì surface by

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

Neutral Stress The component of stress wh i ch i s transmi tted


