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ABSTRACT

The Edgerton Landslide, which occurred in 1978 in the
glacially -odified valley of the Battle River, is located

.approximately 30 miles northeast of Wainwright, Alberta.

Geologically, the site consists .of Upper Cretaceous .
clayshales overlain by a thin veneer of till. Both sides of
the valley, in the ’vicinit’ of the landslides are
charac@érised by extensive ;indsliding, vhich has f;attenqd‘

‘the valley to the present day 319pes of approximately 110,

A site investigation vas carried out to establish the
soil,prbfile, and in addition slope indicators and pneumatic
piezometers vere installed to monitor ground movements and
'pore pressureé in thé soil mass. Measured pore pre§§ures
-ugre'loi, hoveyer an increase in pore pressure corresp;;ding
to a rise in water table of about 10 feetulias recorded in
early épting 1976, . coinciding vith spring cxunoff. The
ho;izontal portion of the failure plané uaé located by means
of the siope‘ indicators, and consisted of soft bentonitic
.c;ayshale. Index tests on this material indicated a clay
fraction of‘. 16%, of which 75% vas composed of
montmorillonite, as reflected in the‘liqnid limit of 183%.

‘Direct shear tests on the failure plane material gave'a

residual angle. of sheating'resistance of 8o,

Numerical stability analyses, performed on . the

incipient South Slide, indicated that the slide was
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mobilising residual strength parameters along the horizontal

portion of the failure plane, and pg&k angles of shearing

resistance but essentialij_ zero copesion in the stoeply

#

.dipping backscarp.

o

It is proposed that the .reeent slides are - the
contlnnation of a retrogressive series of slides. which has
| been responsible for the ancient landslide topography at the
site. It is. postulated tgat the site has Dbeen only
marginally . stable fOr‘ many years and thai catastropbic

ailure resulred from a very gradual lose of coheeion in the
fyssured clayshales of the backscarp due to the process of
so tening, and was finally triggered by a rise in.pore
pressure indeced‘in the slope following the a lelly high

spring thaw in 1974.

SR
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CHAPTER I

INTRODUCTION

in Qvercoms jdated

i

1,1  Strenqth Characteristics of Sl

Clavs and Clavshales

Ip his classicel paper on the stability of slopes in
'natoral leterials Terzagti (1936) distinguished-between soft
and stiff eieys, and delineated between these on the basis
ofﬁqthe Liguidity Index (L.I.), suggestieg that»eost_stiff
qleys_heve L.I. less than 0,5. It has also been observed
that most clays 15 epgineering practice with low L.I. are
overconsolidated end fissored (Horgenstern,. 1967). It is
this group of ~clays which is most troublesosme to the
practicing engiﬂeer; for although peak effective strength
paraneters are consldered to represent the ‘shear strength of
e stiff fissured clay, 1t ‘has. been recognlsed for some time
that the average‘shear strength lobillsed in slides in this
laterlal-' is vell below peak strength. The englneer must,
therefore,'con51der -any factors before applying suxtable‘
strength. parAleters uhen designlng long-tern slopes in stiff

fissured clays.:
» S

_ »The fxrst explenatioh‘»for this apparent decrease in
strength, vas offered by Terzagh1 in 1936. He suggested that

1n stlff flssured-clays, the re-ova;( of lateral support

resultlng fron eiéavation;‘could cause some opening of the

=flssnres. The strength of stiff clays is suffxcxent to keep



2
a fissure open, even at great dépths. Ingfeég.éf ground or
rain water initiates softéning élong the sides of the - open
joints which leads fo a redaction in average st:ength;
allpving more deférnation to occur. More fis#ures tﬁen open
up, and the process continues indefinitely, or until slope
fai;ure occurs. This theory was supported by Caséels (1948)

and also Skempton (1948) who stated

"ynless slip intervenes, ‘the end product of such

a softening process must ‘be a clay reduced

essentially to its normally consolidated

condition." : . : R

Since this early .accéunt,‘the stability of slopes in
Stlff fissured clays has received con51derable -attention' in-
the 11terature. Partlcular attentlon vas paid to the wide
_discrepaﬁcies between measured laboratory strengths of such

$0oils, and the strengths at which they fail, as computed

from field evidence. R

In genéral most early studies vere necessarily liliied,
to 0 =0 analyses, and a more fundamental approach jbecame
ﬁbssible’only after the effective stréssklethod of analysis
| vas lntroduced in 1952 as discussed by Bishop (1955). Henkel
(1955) and Bishop and Henkel (1953) analysed slope failures
H Qusihg the effective stress analysis and Gould (1960), in his
work 6n highly overconsolidated clajs of. California fonﬁa

that the strength ‘actually mobilised in slides, or mass

creep, vas :inversely propdrtional to . the apount of .

. displateleht- vhich- had occurred previouély in the shear
zone, and also stated that this reductlon 1n_‘strenqth with

dxsplace-ent was perlanent. However, many case histories in

1
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the early 1960's could not be explained simply by “the

effective stress analysis.

In 1964 the’%reakth:pugh came vwith the Fourth Rankine
Lecture, when the phenomenon 'of residual strength was
formally stated and 'defined _(Skenpton, i96u). ‘Previous’
_failures iobilising exceptionéllyflow values of ¢! ‘and . 0!
could then be .explained. At Ehié time, parameters for a
number of case histories were expressed in term of an 'R
factor, defining a simultaneous decay in both strength
pdrameters. In the years foilowing this, there wvas a
tendency to overemphasize the residual approach to the
design of slopes, an overénphasis since . knowledge of the
actual path to the residual strength of a soil in-situ (the
progressive failﬁre sechanism) was still cbnfuéed. and
largely hypothetical. vIndeed, the behavior of soils at
siageéivell prior tq‘reéidual, vhere it might be argugd that
most slip occurs, was little.inveétigdted; possggiyl on the
assumption that the paraleters'aiong thé slip pl%nelfell to

residual immediately on failure.

Bjerrum (1966) postﬁla;edva“néchahiSl for ,progréssive ,
fﬁiiure, . as  being a result of the 14523 content of
"recoverable strain energy" in ‘ovetconSOlidﬁted plastic
clays. The cqhditidns for this'iééhanisn vere as foilows;‘
1. Unstable stress-strain curve. | |
2. 1Loca1 stres$-concenﬁra;ions»af the fobt ofbthe slope. .

3. Large " movement due to release of ,locked in strain

w7

-energy.
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Yudbhir (1969) also concluded that the release of horizontal
stresses in these soils is a dominant faetor in explaining
their instability. That is, Yudbhir considered the K effect

to be a dominant factor in progressive failure.

The approaches of Bjerrum and Yudbhir, however, leave
several questions unanswered, the main one being the ‘amount
'of strain developed under this mechanism and the anounr of
strain energy required to produce residual conditions.
\\ Bjer (1966) cited several cases vhere stability analysis
\\Sugg» -ed that strength parameters being mobilised  were
-ég = 0, O0'=0 ' and explained these cases in terms of . his
progressive failure mechanism. It has been recognised that

these slides were all second time failures and hence cannot

be considered definitive examples of this’ieéhanisnl
\

In this regard, Peck (1967) pointed out that
'"p0551b1y the most ~important factor affecting
‘our ab111ty to 'predict whether or not a slide
will start is wvhether we are in an old slide
area". : -
 This consideration has been sﬁpported by a nulbervof case
histories in which slope stability was clearly defined by
old shear zones (Skempton, 1966; Esu, 1967; LeuSsiﬁk and

Kirchenbauer, 1967; De Beer, 1969). ,:'fl:i\/

Bishop (1967),alse‘proposed a_-eeﬁanis* besed leinly'op
oyersiressing, and' the .forlatiep»sef, a zone of plastic
eqnilibrinl at one poznt in the slope. ThlS zone of failure'
vould then propagate aloag the potent1a1 slip surface, whlle-

v1th1n this zone the shearlng resistance vould drop froa 1ts

Al
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peak to its residual state. He suggested that the drop in
strength depends on the differencekbetveen peak and residual
strength, vhich he described by the

® Brittleness Index " I = S =~ S

/ s

Where S and S are the peak and residual strengths

- respectively.

Bishop and Lovenbury (1969) studied the longtern Ccreep
characteristics of overconsolidated iondon clay‘and normally
consolldated Pisa clay under drained condltlons. They shoved
that long term loading does not lead to substantial strength
reductions, which suggests that there is no path to residual

vhich by-passes the peak.

One of the 'most detqiled contributions was by James

_(1970’and 1971) vho presented an investigation of some 90

case histories most of which were in overconsolidated

Engllsh clays. The majority of slides had failed with ct =0
and 0' = 0 '_con51stent vith the mechanisa of softenlng as
preposed' by Terzaghi (1936).'uany of the slides which had

:failed‘at rednced c' and O' were cid slides, which had been
. reactivated. James also suggested thnt verf large movements
(in the otder of several feet) were a >nre-reguisite for

strength reductlons 1n a slope froa peak to residual. Bishop

-et . (1971) _ rexterated this view while describing

. 1nvestigat10ns on pOst peak behav1q\\cf clays in a nev ring

_ shear apparatns. Pron the results obtalned they concluded

that res;dnal strength condltions in  clay can %e reached

}

v
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only after very large strains. The initial loss'in strength
was: explained by a destruction of cohesion due to di%atancy

‘and the breaklng of celentat1on “bonds. ‘. . 3

Such ‘large strains would necessitate a pre—shearinglof

the clay and forming of principal shear planes, as described

by Skeampton and Petley (1967). This would be accomplished by<

such processes as landsliding, solifluction, tectonic

movements, glacial -ice movements, and also differential
svelling of highly swelling clays constrained between non-
swelling materials. Matheson (1972) also described a process
of shearing of soils dué to bedding plane slip, associated

with anticlinal rebound in reponse to valley formation.

James' observations ptonpted‘Skelptbn (1970) to discuss

again first time slides in overcoﬁsolidated clays. He

described the post peak changés in strength as comprising

tvo succe551ve stages,

. " a) Dilatancy and the opening of fissures leading to
' increases in vater content and culminating in a
drop in strength to the fully softened value, at
vhich stage there is a softened shear zone with
nuserous discontinuous shears.

" b) Development of principal shears of appreciable
length, some of-which eventu#lly limk together
and form a continuous shear, when the residual
strength is reached along tBpkentire slip
surface." o e ,

.Skélpton concluded that the sfreng;‘ of first time
slldes in Lon&on,Clay cuttings tends tova and does not

fall signlficantly belov, ‘the fnlly softe _rf

flue. He did.

not hovever preclnde the possih111t1'that strenqth redictionm

prior to a first t1|e stide is more substantial in spme

B
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materials as proposed by Bjerrunm (1966),‘ although James
(1970) suggested that this could be obtained only where
deformations vere very much localised, for exanple, aiong
one thi?pj}ayer, or at the interface betueen tvo different

layers.

1,2 A Review of Some Relevant Case Histories

The Western Piains of Conada is an area of generally
low relief, consisting predominently of highly
overconsolidated sheles, sandstones and coal beds of late
Cretaceous and early Tertiary ages. Landsliding‘in this area
is ubigquitous, especially‘ along the river valleys in rhe

area and is typified by vedge shaped failures usually

Vcontrolled by beddlng features. Land-!idlng 1n the Upper

Cretaceous bedrock of Alberta has been an area of active
’research of the Departlent of Civil Englneerlng, University
'of Alberta for a nulber of years, (Brooker, 1958; Hardy er

al., 1962; Painter, 1965; Rennie, 1966; Hardy, 1967;

Sinclair and Brooker, 1967; Hayley, 1968; Pennell, 1969;

Thomson, 1970; Eigenbrod and aorgenstern, 1971) . These

slides hare ;all failed lobilising strengths -ieil below

neesnred.peak strengths. Hardy et al. (1962) showed that use
of'peak strength paraneters‘led to factors ofbsafety vell in

.excess of nnity swhen the slope wes failing. Five of rhe

1arger slides vere re-analysed by Pennell (1969) in view of

the developlent of the concept of residual stress and of

progressive fallure, and he concluded that resxdual strength

-'paraneters must be employed to ohtain a factor of safety of



unity.

Two - important <case histories will be briefly

presented,to illustrate typical landslides in Alberta.

- Devon Slide (Pigenbrod and Morgenstern, 1971)

N The Devon Slide, located about 12 a@miles west of
Edmonton, occurred folloving a highwvay cut into the valley
df the Nor;h Saskatchewan River in 1965 (Figure 1.1). The
bedroék of the area is ihe Edmonton. Formation, consisting
mainly of Upper Cretaéeous"ludstone, claystone, siltstone
and sandstone. Sonme éoal seams and bentonite layers wvere
also present. A stratigraphic section of'the Devon slide is
shown in Pigure. 1.2. A comprehensive field programme
revealed that slip had occufred along a sub-hSrizontal
bentonitic clay layer unherlaiﬁ by coal, vhilééthebback
scarp was inclined at apptoxilately 30-350 .and passed
through vsoftened fludstone. A‘sullary of index and étrength

properties of the éoils'are_given‘in Table I.1.

Stability analysis using the general non-circular liniﬁ

equilibriua anaiysis as described by'ﬂdrgenstern and 'Price

- (1965) revealed that for a factor of safety close to unity,

residual streangth pataletepsgv i.e. ct =0 0°' =80 in  the

bentonitic clay layer, and #n the back scarp, the peak angle
of friction,~but»uith_reduced cohesion, vas being mobilised

af»gailure.

It vas observed that although the slide was a first



A

-9.“\ | q
time occurrence, it was actually a small part of the pre-
existing large slip block which had most likely slid during
valley formation. The back scarp wa§ thought to have been a
first time lovément, however the presence of both softenéd
and unsofteneéd material in .the Sack scarp indicates that
there was some reduction in cohesion, which is an important
mechanism in tﬁis failure. Cracks in the slope prior to
excavation also indicate that tﬁe slope was only =marginally

stable and that some reduction in shearing resistance may

have beeh_takinq place.

Lesueur Slide

The Lesueur slide first failed in 1963, on the outside
of a bend on the North.Saskatchewan River, about 4 miles
northeast of Edmonton. This slide also occurred in the
bedrock of the Edmonton formation. A stratigraphic section
of the slide is shown in Flgure 1.3. Strength para’pters for

the slide laterxals are shown 1n Table I.2.

Thomson and Morgenstern (1974) suggested that the

stability of the slope had been reduced by the annual

*erosion of the toe, by the river and that a ainor rise in

the Qroundwater table might have been theAfina1=trigger for
failure. Analyses in teras of effective stresses were
carried .out using the method iof Norgenstern, and Price
(1965), ﬂro- vhich it was broposed» that  the slide was
iobilisihg peak.streﬁgth para-éﬁers along the badksca:p, and

strength parameters on average less than peak along the
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horizontal shear plane at failure. It was felt that strength
décreased along the horizontal shear plane towards the river
Ibank, consistent with the theofy of valley rebound discussed

by Matheson (1972).

Since the original slide, continuous but slowv movements
have increased the scarp height from the original 22 feet to
35 feet over a period of eight years. Subsequent stability
analysis in 1971 (Thomson, 1971) indicated that during the
interim period the cohesion everyvhere had tended’ towards
zero, and the angle of shearing resistance along the
horizontdl part of the slip surface had tended: towards the
residual angle, due to continued displ&celents.

9

1.3 Purpose g;bthe Research

The two 1andslide$$ which have been collectively teramed
the 'Bdgerton Landslide for the purpose of this thesis, are
situatedgapproii-étely 30 miles northeast of IWaiﬁwright in
Central Kiﬁerta,' longitude 110 29! 20ﬁ.H,v1atitude 530 01€
05" N on the gehtly .sloping vest valley wali: of  the
meandering Battle River (Pigure 1.1).
Bedrock of the area 1is Upper 'Crétaceous in age,
. consisting of highly overqonsolidated,.vinterbedded Clay
shales and sandstones. This is overlain by a thin vehéer of
glacial deﬁosits. Cata#trophic failure of the WNorth Slide
océur:edv in late August 1974, and in September 197§,va
prelilinaryireconnaissaﬁce yﬁsﬂéondﬁctéd by fhe ‘Depéftlent
of Civil_Bnginegting, University of Alberta (Thomson, 1974).

~

Vs
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The scarp was about 600 feet long and between 40 and 50

feet in height. Upper Cretaceous bedrock was clearly visible
on the scarp face. Of particular interest was the fact that
the toe of the North Slide cropped oat sliéhtly less than
half way up the valley wall. This was significant in that it
%uggested bedrock bedding plane control along the lower
slide surface, and also that the Battle River was too far

avay to act as ; triggering mechanisa for this slide.

Thus a_case was presented of a natural slope, where the
mechanism of failure was not immediately obvious. The slope
anglé of 119 4did hovever suggest tﬁat strengths considerably
less than peak were being mobilised alohg a large portioh of.

the failure plane.

<

Extending.approximately 500 feet southwvards from the

North sSlide, a scarp 2 feet high had formed at the time of

catastrbpic failure of the Worth Slide. This slope is
feférred- to 'as the South Slide, rand it was felt that this

also véuld fail catasgrophically in the ensuing‘yéar or so.

The Bdgerton Slide thus offered an intetesfihg and" '

_informative case history to study{ The small movements of

the South Slide had barely affected the slide profile, and
hence the prefailure profile vas available as is seldoa. the:
case, and it was felt that the ' slide could actually be

monitored during failure. 7 : - o

3

The purpose of the_investigation vas,. therefore,

1. To determine the boundaries of the sliding area.

\’_’_’_____’_AH._’———’—’—//’N—

-
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2. To establish the overall subsurface profile of both
slides.apd to locate the failure plane(s) espgcially in
the incipieﬁi South Slide. | \ |
3., Ta obtain, and test, Dboth undisturbed and remoulded
_ sangles of the repreéentutive materials, and determine
. the streagth parameters of these materials.
4. To .propose i wechanism of failure, and to verify this by
means of numerical stability analyses.

5. To enhance predictive techniques for t#e stability of

slopes in clayshales."

1.4 organizatiop of the Thesls

Chapter II of the thesis presents a general deséfiption
of the landslide area. includéd~are the gealoqic history,
geology, climate and pregipitation _rechdS"and- also a -

preliminary desdtiptibn of the landslides.

Chapter III doculents the site investigation of the

_sﬁudy area, 'consxstency of - a topogrﬁphicai suriey,
"'Subsurface explo:ation and instrunentation. ﬁesulté- and
intétpfetétion of  the sttatigraphical,' piezc-etricf anﬁ

tiltmeter data are also‘presented,

cpapter'IV‘butlines.the laboratoryﬂktesting jpfogranle

vhich.vas.underiﬁkgn.' LA

_ Chapter L applies ‘the resnlts of the previous chapters-_‘
' and describes the st&bility analySLS perforled using these' T

results‘ A nechanisn of failure: is also ptoposed, and

e ——————
e e e -
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disqussed in view of the 5tahility-analysis. ”\\N\\\A‘

Chapter VI contains the conclusions and recowmendations

-

of théé‘ﬁhésis} - D
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TABLE I.2
SUMMARY OF GEOTECHNICAL PROPERTIES OF THE LESUEUR SLIDE

~ (PROM THOMSOW, 1971)

4 . v' = . v' ' :
_ﬂa.t@ma] ol W N I %S Zsilt ¢

| Bentonite  200-430 150-380 0-15 5 80-95

Clay Shale 0. 75 20 35 45
Bentonite Shale 200 170 15 . 30 55

N

)(,-RaL Di ffraction |

Material % Montmorillonite - % ITlite % Kaolinite & Chlorite|

Clay Shale = . . 80-100 w100
Bentonite . ]00 L SO . ,

[ Waterial - peak  Restdual vy Total.

Jclay shate 3300, 24 W oma |
: BentoniteSha]e ‘ 865 .  .” 10 p - ; uz 1
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CHAPTER II

DESCRIPTIONQF THE SITE

221 Geologig Bis&esx

Late Cretaceous -~ 'Tertiary‘ hedrock fornations of

. Central Alberta,_ forn the upper part. of a thick suCCession

of clastic rocks which were deposited in a subsiding Abasin "

-flanking highlands situated to’ the soutﬁ-and west of the
present Rocky. Hountalns. -These‘-"highlddds" providéd' the
detritusv>vhich vas transpottéd‘by edstidrd'flovihg sfreals
to the'basiﬂ,ﬂ over = a -depdsitigdal ISdfface Vhich‘ sloped
'genfly  to the south;‘add.1ei5t,'_VO1c1nic dash 'Qas giso
transpdrtedifton these highlands‘and vas deposited wideif in
théduépgr.csetaéeoqs sediients;.espsciallyr_id, the Bearpav
‘and Edmonton . Formations of Southern and Central Alberta

- (¥illiams and Burke, 1964). " _ o e

Strafi§raphid$111; tﬁis poftion 'of';;he ~basin dis»
.characterlsed by shale,_ siltstone and sandsfode'strata;'
whlch vere. 1a1d down in or near the shallov epieric seas
‘whxch cov‘;ed the basin 'at this tile.,Vertlcal varlatlon
fron narine shale at the hase of the- Upper Cretaceons, to"
deltglc and continental saqutdqe‘at the top is congon»and
_attests ti;the; glterﬂating "transgressiye and Tegressive
natare dfu"the 'epiérisd_seas, ciused by'the cphﬁindouslyv'-'
'variable‘ihterplaj 6f‘snbsid€nce“ratefand\“seaihént:'sﬁpplj;'

B

e
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Thus each gross lithologic ,unit‘“in'the basin records an

| episodevihva~series of tectonic uplifts in the soarce region

and concomitant downwarps in the marginal basin, spread over
a period of more than 100 million years (Williams and Burke,

1964) .

Sedimentation continued without interruption through

the upper105t 'Cretaceous into-Paleocene'tiles resulting in
‘Tertiary rocks that are almost -wholly continental. During

'late’ Hesozoic and early Tertiary (Paleocene) times the

Colulbian .and Pacific orogeny, resultlnq 1n the formation of”

the‘Rocky aountains and‘roothills,-tronsforoed~ the_'Alberta

basin frou ao area of‘snbsidence and deposition to uplift

Wund erosion. Rntherford (1926) estilated that 'approxinately

'2000 feet of stratg_have been reloved fron the study area

during Tertiary tines, whicb has left only snall scattered

patches of Hiocene and Pliocene fluvial dep051ts in isolated

uplands.: This prolonged period of erosion is - largely

responsible - for " the - broadA topographic Vontlinest’of“ the
Y . . . B . )

Alberta Plains es,observed today.

 Locally, however, the Late Tertiary l‘an'dSCi'pé' has been'

’ﬂfnodified by Pleistocene qlaciation.‘This area vas glac1ated

by'Mthe Keevatin ice sheet vhich left a veneer of surfxcial

’deposits~frol a fey 1nches to several hundredy.feet thick. -
' The . net effeCt'offqleCiatioo on'tte‘topogrephy 1s:variab1e.
dGlacial neltwaters have cnt steep sided stream trenches into
“the underlying bedrock in places, and elsevhere preglac1a1p_pr.

,ﬁalleyS‘ and -otper.loqal depresszons-hdye beeo_filledain‘by -
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glacial deposits, resulting in a reductionbin local relief;

It_is believed that the present Battle River-‘is-’a’ :
mnisfit streanm, occnpjing a channel, part of which was carved
by glacial meltwaters. Howvever some of the sharp bends in
: the Batrle River' valley are' related to the underlyinq
geolog1ca1 structure.'suggest1ng that these are parts of the
‘.preglacxal channel, whlch was occnpied by the preglacxal Red "

Deer Rlver. (Fyatt et al, 1944)

'SuhSequenrv.to the retreat of the Pleistocene glaciers
about 10,000 years ago, - reneved érosion by larger streanms
and rivers has taken ‘place, resultlng in deeply incised
_.valleys through the glacial. deposirs and bedrock.. This
process has been 'acc0lpanied 'by‘ much ;ehdslide ectivityi
vhxch has gradually fla%tened these 'slopes toverdsv their

stable angles.

22 geology
, 2.2.] SQrfiglal eologx

In the stndy area, glacial deposxts of t111 have been
C;deposited to an average depth of 15 feet. The till can be |
observed .in the scarp face. and is brown, highly oxxdised.
colunnar joxnted, and co-posed largely of local bedrock. The
average till conp051tion is 50 per cent sand, 30- per cent
s;lt, end_ 20 'per, cent clay sizes, _the‘ clay fraction
conteining‘up.to SOvper' centp,ionrlorlllonite. .The. gravel
. content ;é: the till ranges betveen 2 and 3 per cent, and'is

derived froa the Canadian Shield, and also.from local post
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ACretaceous - pre glacinl gravels which-overlie Cretaceous
\bedrock in scattered portions of the Alberta Plains. The
gravel portion of the till contains fron 30 to 50 per cent

quart21te pebbles (Buyrock 1967).

2+2.2 Bedrock Ggology

The bedrock of the study area, napped by . Warren and
‘Hume (1939) consxsts of interbedded sandstone, 51ltstone anad
,»shale, ‘and  thin _coal seaas, of.late Cretaceous age. The
rocks are poorlyc indurated' and- gentonitic,"and have a

regional dip’of a fev feet per-mile to the southwest.

The»general‘area is underlain by»three fornetions uhich_
are, froa youngest to oldest, the Bearpaw, Belly River. and
Lea Park. The Bearpaw Porlatlon, whlch‘ls of arlne or1g1n,.
.consxstlng lalnly of shales has been conpletely eroded at
‘ﬂthe locat1on of the site, thus the landsllde novenents "have
occurred through the Belly R1ver Porlatlon. The Belly. Rlver'
- Pormation consists of an‘lnterflnqeringrsucce551onAof,larlne'
2shnles'und deltaic sands;. and“'can' be' subdivided hintod a
nulber of le-bers, as llsted in Table II 1. Fiqure 2;1.Shous
the approxilate ontcroppxng of these le-bers along the rlvqlp
valley, from wh1ch it  would appear - that the" Bale and
Varlegated Beds (0ldman), the Blrch Lake, 'end " the 'Grizrly
Bear crop out on the valley wall. The contact between the
Birch . Lake, . and ,the 'erzzly_ Bear also appears to be
approxiletely halfway.betveen thelriver and the local plain

>

leuelt“ _
. 1”
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The oedrocr has - been _weathered to depths of
'approx1nate1y 40 feet and can be observed on the scarp face
of the North slide, as well as in ‘all the drill holes. *ice
‘thrust - featnres, as typified by intense brec01ation and
slight warping of the bedding planes, were observed over ‘the

full height of the scarp face.

2.3 Aerial COnsiderationg

Conplete eerial photo coverage  is availaole for the
"area under consideration from the Department of Lands end-
Forests in Alberta. The relevant \photo nulbers for bthis
‘stretch of the river are 4390. 5301. 195 to 4390. 5301. 200.
In -addition an aerial reconnaissance was undertaken by the
_Department of ClVll Engineering, UniverSLty of Alberta in -
_Optober. 197“. The following p01nts are of note fron the air
photo interpretation and- from the 'eerial reconnéissance

observations._ .. B H B .‘
'-1;~1 Groundwater discharge areas vere found along both sxdes\

'of the river valley,:all occurring at- approximately the sa-ed‘
elevation. These springs usually occur half vay betveen the
;,rirer-and;the local plain‘.leyel, and lay 1ndicate ‘the
.presence bof a perched lsoter teble,'held'éernaps'by a low
peleability shale bed or bentonite ‘Seam. These .Aréas 'are
co-lonly acconpanied by headvard erosion and aminor slulping
'i-nediately above the" discharge points, uhich has caused the
developlent of a slight terrace. Inactive discharge areas

vere also,observed at the' time of this reconnaissance,.hhich
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conbined to form this terrace.
2, The "slump". topography along both sides of the river:
valley is indicative of ancient landsliding, subseguent to
valley formation. 014 ‘grabens can be obseryed along the
valley walls, in the vicinity of the slide area.
3. Toe er051on vas noticed at many points along the river
valley. and especlally at the location of the landslide,
‘where the river has encroucned upon the west vﬂlley nall.
The river meanders along this section, and 1n fact an oxbow
~lake occurs close to the botton of the ‘slide area.:
4.  There is little doubt that» the ‘lower = part of the'
landslides under 1nvest1gat10n are a’ reactivatlon of a very
- 0l1d landslide. The presence of an old graben featnre aboutv
90 feet below the headscarp of the South Slide supports this
view. (see Figure 2 u(a)) ” ‘
5. - The. slope -of» the valley wall at” this‘ section is
. approxinately 11°.n ﬁhicn‘ is | slightly ;'steeper, than -
neighbouring slopes upstrean,l especzally in the npperlostt
part of the slope. There is however a -ore _steeply dipping‘
slope 1nlediately dovnstrean of. the landslide. This slope 1Si
.bounded on - eitﬁer side byjlarge-gullys;'vhrch offer good
~ drainage to the'sldpeyland'thus it.conld-be'assnned-that the
| vater table. is‘conparatively low at-this site. it'shonld fne-
noted that the prairie rises gently towards the valley at
thlS section, vhich is. characteristic of valley rebonnd'
(uatheson,_ 1972). In contrast the landslide area is bowl-
shaped and therefore rain and snov melt tend to collect in

thlS area, and thus the uater table‘nay be co:paratively

ot
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higher at this site.
6 There is a slight depression in the plain about 500'
feet west of the landslide area, in which several ponds have
.forned. These ponds appear to have no stream outlets, and it
'is felt that these ponds may drain indlrectly into the‘slide
area. | ' |
7. The prairie 1land in this .area.islgood pasture land
(Wyatt, et al, 19uuj and has teen cropped at this location.'
This aides the 1nfiltrat10n of rainvater ‘and snownelt into

the slope, especially . at peak runoff tines such as during

spring thau.

2.4 Description of the Lapdslides
2,8,1 Geperal

‘The two landslldes are" located adjacent to one another
on the vest vall of the Battle River valley, approxxlatelyv.

30 llles Northeast of Wainvrlght, Alberta. The scarps of

’.l,both slldes follow ronghly a north-south directxon, and

;hence the slides have been conviently teraed the 'Rorth'
‘rSIide' and the 'south Slde' {Figure 2;2). Both slides are'
densely forested in localderees; uhich'partially:obscures.'

’v.the boundaries and so-e of the features of the slides.

At both slide sites, pre—slide"topographyi'ethibited

very old grabens suggesting that the recent slides are the',.ﬂ_

reactivat1on of old 1andslides The 'valley slopes at an’
average Aangle. of 110 at this site, although the nppernost:

paré of the'slope is’ cons1derably steeper, and; probably":
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"represents the resnants of the scarp of a very old slide. In
;general, erosion has sugdued the old. landslide topography to_‘
'a considerable degree, sugqesting a great Age for these old,

slides.

The first signs of failure of the reoent slides vere
 observed in the early spring of 197“, following spring
runoff, uhen-cracking va¥ noticed in the ground along the .
present scarp ate:-and a depressional feature, approxiaatelj-

2 to 3 feet deep developed-‘Catastropic failure or_theiﬁorth: '
'slide folloued bon August 28th, l197u,;-when the scarbt
increased in height to betueen ao ‘and 50 feet. ao#é-énts'
were also observed at the 1ocation‘ of the SOuth Slide,
although a scarp of only 1.5 feet in height forned at
that time. _Hovever, 1t uas felt that this slope vould also

fail catastrophically in. the ensuing year or so.,g

The slides ar 'classed':aS[ co.piei' (Skeiptonv and'”:"'

Hutchinson, 1969) and are typically vedge shaped, conprxs;ng_;

a sub-horizontal fallure plane,.,and a steeply dippingn>ﬁfﬁt;

backscarp,’vhich suggests thai failure has heen controlled.

hy bedding. This is. lost clearly seen in the Rorth Slide and e

is also 1ndicated by a distinct graben feature, well OVet

150 feet vide.

 The Horth slide is about 700: feet along the scarp and'
‘900 feet horizontally fron the scarp face to - the toe

'outcrop. The scarp 1s betveen 40 and 50 feet in height,‘ and
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“area.
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vas inclined at npproxilately 700 .to_ the horizontnl at

‘ failurea The toe is approxinately 180 feet belov prairie’;.
level, 'and about 100 feet above the river level. This, is.
Siqnificant in that it suggests that tég river hns not beenﬁ

1nstrulenta1 in initiating the slide failnre.‘The qraben isp:

clearly visible in the slide proiyde (Pignre 2~3)._ Lo

The cracking pattern throughout " the . slide,_,'nnd;"
pnrticularly 'in the lower portion of the slide -mass nnd ini_

the toe aren, is extenely conplex. The valley uall vas by ne

means a planar feature prior to failure but rather hnnnocky. B

v

As a result of this, large ten51on and conpression. cracks

developed during the slide novelents. oﬁfthe north side of?[
the slide pass, mtensien._cracks ronghly parellel to thefﬂ;

- S T -
- .direction of 'loyenentv:indicnte a splayinq ont of the toe;

_ !eliov-brovn to gren till, exhibiting colnnnar juintinq;-
is- v1sih1e to a depth of 15 feet 1n the scarp face. This

nnderlain,‘_hyrjﬁthe[_ Upper Cretaceons brecciated, hrOWnt;mp

’ ]th ..visible scarp. Selenite crystals in sheets np to 6 ln.j'

. weathered silty clayshale, which continnes to the hottol‘<of;f3"

thick “are .connon over the *'entire scarp fnce, fldnd;}

particnlarly in the jaints and fissures of the bedrockqngf‘_,:

| ”fg In' the general vicinity of the toe area there arefdii”

outlined by vegetation (grassesh,‘ depression_ or seepage‘?f..

erosion bowls and the presence Qﬁ qently vater washedfflA

-sedinents., These fine grained sedilents,cbeing a- pale bnff{_

P

several distinct spring dischnrge Areas.pThese are 'clearlyffff
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colour, resemble deposits frOl.eroded sandstone.

S

2.4.3 he South Sli de .
. . o

Coinciding with failure of the North Slide, ‘a scarp
some 500 feet long developed iliediately south of the North »
Slide. The scarp-was between 1.5 to 2vfeet ,ih, height :when

medsured in_the fall of 195B. Subsequent slide novenents are

described in the following" chapter. The toe of the, South

- Slide had not cropped out, -although 1t was felt that ia‘ toe

would develop 'Hlth further movement. The boundaries of the
slide vere: also nndefined, hovever it seeled likely that
some overlapping of the North and South Slides had occurred.
4The slide profiles, which are essentlally the sale as the
pre-slide profiles are shovn in Pigure 2 u. The ola graben
| is -clearly outlined, and attests . to the ex1stence of very -

"old landslide novelents at this site.

" The, togggraphy oﬁ,the ngth Slide,has »with _the North g
Slide, vas rather hullquy, hovever the slide novelents have
not been snffic1ent to cause serlons vis;ble cracking v1th1n,

the slide lass at this tile-ﬂ?.: _."“‘ :' B s

p
a

Seepage dié&harge areas;%nEre'elso fodhd'id*the South
-, Slide corresponding to those found in the Rorth Sllde.,'

A
“

2.5 cliisteff

. According .to Koppen's classification (Cehada -Dept--

wﬂines_ Tech. Service,' 1957) the clilate of the area 1s sub~'
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“humid éontinental..Baéed;on_19_yeats-o§. cqnfindoﬁs ,feco:ds_
the averagé énnual raipfall'i5'12,1nbinches andzthe average
:annqal snowfall‘is.35;1 'inchés, giving an ayef&ge tatél‘
. lprecipit§tion' of 15.65_’inches, 'The_gean annual nuaber of
’ ;days ';ith. precipitation is AR Rdihfa;&' fééo:ds“'were,
' ‘obtained ‘ f§r‘v Pﬁrgﬂise Valley, iatifpdef 535 07‘  n,'
longditude. 1100 21’ v, e;évatidh 2200 feet'A;s§L.’frgn»1961
;Q'presénﬁ {ine and :afe -liétea- in:’Apéehdii A Paridise _
;Valley is"ldéatqd ééppréxinately'36 ;pi1és 'éést; of -tﬁé

. iéndslide_area,A ¢

. ) ’ b . - . i . . . . .
| y | - ' \/ ‘
.0 . . . . A
.



TABLE II.1

MEMBERS OF THE BELLY RIVER FPORNATION:

30 -

A

Depositional

Fotmat!on

ngbcr Lithology Writer Environment
Brosseau “The upper part of the tormation . Allan (1910) continental and
consists of flaky sand«toncs and marine deltaic
clayéy sandstones... The lower :
part of the .formation consists
of brown sandy shales, thin-.
bedded sandstone and then scams
of coal." :
Shandro '...dark grey marinc shales con- " Allan (1918) marine neritic
: tainlng calcereous and arenaceous ’
" concretions.".
... also contalns carbonaceous Shaw and
shales and brownish-grey sil'ty Harding . : =
_ shale with carbonaceous specks." ~ (1949)
Victaria “finc- to medium-grained grey Shaw and contlnentat and
sandstone and brownish-grey, Harding marine deltaic
. carbonaccous, silty shale with (1949)
' local thin coal seams."' , , _
‘Ivanesti "o grcy shale, silty shale, Shaw and marine neritic
clayey shale and fine sand.*. Harding -
o . T - (1949) ,
Ribstonc Creek “'greenish ycllow, massive, soft Stipper . contlnentat and
. : . sandstone at top; grecn and (1918) martne deltaic
carbonaceous shale and coal, :
light grey sandstone at base."
‘|Grizzly Bear =", .dark blue-grey, marine sha[e. Slipper mar ine neritic -
containing ironstone and sand- » (1918)
stone ‘nodules with some beds of :
. ‘yellow Incoherent sandstone."' ,
" |tower Birch Lake '"massive, cross-bedded sand- Stipper contlinental and
‘ stone, buff-coloured, containing (1918) ‘marine deltalc
. . lenses .of harder sandstone." ’ o co
Hulga "grey shale with silt lenses ‘Nauss . marine neritic
R -and some carbonaceous material" (1945) o
Upper Birch Lake 'gray to slightly yellow, med- Nauss continental and
o S jum grained sand which weathers (1945) “marine nerltic.
R to a light rusty colour.'. : B . : '
Oldman. similar to that described for Shaw and continental
: the undivided Belly River Harding - peneplain
. : (1949)

‘(after Shaw and Harding) o N
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.— CHAPTER III

SITE INVESTIGATION

3.1 'Generg; survey

A topographical survey of the site was made in eatly

Sprlng 1975. prlor to subsurface exploratlon,‘essentlally to

obta1n. an accurete.,-apg.of the - slide area. Thick forest
vegetation prohibited determining the north and = south

boundaries ‘of"Athe ‘Rorth Slide in detail, hovever several

- poxnts wene deflned and 1:11@!'t bonndaries ‘'were interpolated

betveen these points, guided bxefzeld ev1dence..

The ~upper part of the south Slide'uas ihickly'forested_

_iand hence a full survey vas not possible. It was, however,

| possahle' to' dlst1nguish the scarp area of thls slide along"

' the. lajor portion of its length, before it faded ;out in 'a

gully‘on the southern flankiof t \~slider

“Tvo ,snrvey'

ig .

Slide, one at the lld point of the scanp and the 'second 5t41d

the - south end of the scarp.'The locations of these proflles
are shovn in tbe general plan oﬁ the landslides (Figure 2 2)

f.and the profiles ate shovn 1n Pignte 2. u. T

- - JK4A _
Sutface stakes, vere also 10cated' at ’COnvenieﬁt

' 'intervals down the lxne of proflle 1 and several stakes vere

placed at the * area of the expected toe.VThese stakes vere

35
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.-surveyed fnlly again in Hay 1976, and vill be sufveyed at
intervals in, the future to follow lovenents of the soil .

mass. -

The following points are of note;

1. ' The north scarp had retrogressed up to about '10‘ feet,
since the time of initial failure in August 197&. This wvas
due to fractuting along the Vertical colulnar ’jointing in
the till layer, _acconpanied by a sloughing avay of the‘
| nnderlying brecciated‘élayshale hedfoch. It ’isv,felt that
this process lﬁill continue' until the. Scarp-reaohes;its
fﬁnatngal angle, vhioh hes been observed'in older slides along
the valley uall. Apart fron these scarp lovenents, the North

' s1ide seeled to be stable, and no appreCLahle lovelents_ had

occutred since the previous year.

'_2-.‘ Of .particnlar interest, it vas noted that the scarp of‘
the South Slide had 1ncreased in height fron the original
1.5 feet, as measured in Augnst 197n, to a: height ‘of 3 feet
Hhen visxted in early uay 1975._ Fron that tine it had“

dropped an additional 2 ‘feet by, ‘the tine the survey vas
v‘conducted in Jnne, 1975. ' ,"-,w“_';- wﬁ ' -

' ﬁ apperent ontcropping of the toe wes visihle however,

<.

e ees‘the toe of the uorth Slide vas ‘well estahlishedm

'.:being ahout 180 feet vertically below the top of: the north

scarp. At this stage, the scarp of the SOuth slide vas
fpoorly defined on _the‘ sonthern flank, vhere it faded out

‘upon enterihg a gnlly. It vas also 'poorly defined at the“



37

~wnorth ‘end of the scarp,T vhere it disappeared into thick

vegetation' before pOSSibljh merging with the southern
' boundarylof the North Slide.

3. The scarp angle.-of the SOuth' Slide could ‘not‘be

rellably neasured, being only 5 feet in helght The recorded

scarp angle of the North Sllde was however neasured at 700

in August, 197“. (Thonson,_197u).

4. Since the.tine\of'the.snrvey, the'scarp_Vas’observed to

drop . an,_additional'_1: foot by.becenber, 1975 aithough no

emergence of‘the toe'vas"noticed' prior- to the onset. of
bldiinter in. 1975. It wvas also noted dn-Deceiber, 1975; that

the south scarp had extended across the gully at the south

‘ end of the slide, and was_!isxble to the south of the gully,
vhere it had an average he1ght of 6-1nches. However‘the
-cracks faded out at thls point and could not be traced. dovn

‘ the 510pe. Hhen the slope vas re-vrsited 1n early Apriil
1976, 001nc1d1ng Vlth sprlng thaw the scarp vas observed to.
_ have dropped an additional 1 foot and neasnred about 7. feet
“in heig‘t Snow melt vas also .observed pouring ‘down - the
_cracks‘ along the top of the south scarp at this tile, and
one veek later, after the lover - parts of - the vslopeg.had
. thaved,f large pools hofgeaterhhad'foried around‘the toe of

‘ the Sonth Slide. .

inhaay, 1976, the snrface stakes on“ﬂthe Sonth'”Slideg

vere“ resnrveyed,- in ‘addition to the section of the scatp‘ R

‘ south of’ &he gully. This is included 1n the general plan of ff_*

the landsllde (Pigure 2 2). rhe average 5cnrp height at the:

nlddle of_the‘scarp yasgrecorded at.?.sﬂfeet,_however st111 B
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no cropping out of the toe was observed.

3.2 §ubsgrfagg Exploration
3.2.1 Drilling Technigques

Continuous  cores .of the "bedrock vere iobtainedf’to‘

provide 1nfor-at10n ‘on the geology of the site. These
samples were extruded fron the tubes as scon as possible.

then waxed on sxte_and trenSported back to -the University,

where they vere stored in a moisture controlled atmosphere.

A

From there, selected core samples vere tested in the =

laboratory to determine the engineering proper&ies of the

rock.

x.tro;week drilling proqran-e.uas. underfakeh in July
. 1975. The nayhew 3000 rotar} drilling 'rig; ‘using vwvet
drilling techniques, vas elployed in conjunction 'wirh the
University of ‘Alberta Pitcher Sanpler (Terzaghi and Peck.

- 1967 . Water vas used as- drilling fluid, exCept jvhere a

bentonite slnrry vas required to - laintain circulation within

K

" the hole.‘

| Past experiences have found that conventional drilling,

;using double 'valled ~core: barrels, generally ylelded good-

: resultS-iq:'the harder Cretaceous rocks, but_ gave poor.

recovery in weaker softer stratum. Experience:of the Prairie
Pars Rehahilitation Adiiliétration shoued that seams of soft

fbentonite vere often vashed ont. A typical experience of

'fthis vas recorded by W1lson and . Hancock (1959} at oOahe Dan

in  the Pierre Shale. Somevhat better results have, hovever.."

of
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been recorded using the University of Alberta Pitcher
‘Sanpler. o S o -

L

The Pitcher Salpler has been employed successfully in
the softer rocks of the Edmonton Formation (Pennell,' 1969),
in  the Smoky River Group in Northern Alberta (Bayley, 1968yf
‘and in the Belly River Formation, east of Edlonton (Locker,

1969). Typical core recoveries of 95% have been achieved.

3.2.2 'go;ehgleg»
Or1q1nally, four boreholes vere provlded for, vhxch are

shown on the site plan as BH1, BH2, BB3 and BHY . (Fignre

" 2.2). BH1 and BE3 are located on the North slide, and BHZ

and Bﬂa on the South Sllde.'

s

Borehole BH1‘-vas drllled to a depth of 155 feet, andl
salpled continuously from 30 to 155 feet. Pro- prelilinarya"
calculatzons (Thoason, 19784) it vas expected that thic vonld'
be well belov;-the expected slip lsurface. This hole vas'
vdrilled prinarily to establish'tae-qeneral‘lithology of»'the;f
islide area. A noisture contedl profile vas also estab11shedfuz

'for thls hole. :

Bore toles BHZ, BH3 and BHG vere then drilled to. -depths -

'vof 81, 83 and 63 feet respectively. Grab sa-ples vere taken

in each case, dovn to the area of interest,_ and the holes -

vere 1ogged on the }basis of the laterials flnshed to the
'snrface. The holes were however cogtlnuonsly salpled over )

the area of interest, vhich.was expectedvto €nRcompass the

_f.: S T \f
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failure zone in each hole.

ﬁhile drillihg‘ BH1, a very herd,“ bell "indnrated .
sendstone layer. '50|e HQ" inches thick vas encountered at a
depth of 130 feet. consegnently tvo further boreholes,‘ hHs
and BH6 vere drilled, 300 and 150 feet respectively.yest,of

BH1. The'pnrpose of these boreholes vas to inveStigete -the '

theory of valley rebound as proposed by Mathesén (1972), 1n“5

. which case this- sandstone stratuns would"he,used as a larker
bed to trQCe 'ahi upvard flexing of the beds,~e$.they“

'approached the axis of the valley.

In aadition BQﬁLoas~orllled.neerjthettoe*Ofi_the South

 slide at the eénd of dctpber;359§5;lpy-iéané‘of‘a'nobilé -

‘Auger drill rig; to a. depth ‘of~ hsf’feet.,'This hole vas;:'
:*;eestablished purely for instrunentption pnrpOSes, to 1ocaten‘
:;the position of. the failure plane in this area.‘ It :ﬁas,
1hovever 1ogged nsxng qrab salples, at 2 feet 1ntervals, and::

'»gra no1sture content proflle was also obtained._[:

o ;__z__a_ Toe __'_rre‘n_chgs

tls six toe trenches vere excavated hy a Gradall ditch
'r”digqer 1n lld-October 1975. Trenches T1 to TS uere excavatedil

‘,at the suspected toe of the SOuth SIide.'and T6 at the toet
Aof the xorth SIide. The depths of these trenches ranged fronl
l'10 feet to 14 feet, and their 1ocations are shovn 1n riqure-‘
"2.2.7,'Bagl salples . vere' <taken*”froi‘*eich““tren f“r
'fldentification purposes. A large block salple vas taken fron

l‘7trench T5 and eight 3 inch by 5 - inch block salples .vere  ?7
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taken» fro- T6, along a contact betveen two uaterials._rhese.

\

salples vere again waxed at. the site and returned to the

University noisture rooa..»fﬁf;_f‘
o S T PO SRR S
3.3 Igst;n!entatigg[jgi.ﬁy_%f‘dﬁw S

| Pour fslope indicator "cas}ngs,( and three piezoretersif~'?
o gere 1nsta11ed at the szte. One piezoweter and one 51°pei1?'5
indicator weref 1nsta11ed in the North slide in 831 and Bnal”;”i
.respectively (Figure 2 2) This slope indicator ias}f7 
included for aonitoring future creep npvelents 1h the north”'
Slide. In the South Slide. a slope indicator vas installed
in BH7, and in both an and BBQ, a piezoneter in oonjunctlon

i, vith ‘ lope indicator uas installed.. lluliniu- alloy

Sc'is ca51ng, 3~38finch laxilul ‘0. D., vas dsed in the case of Bﬂa, “5;5
‘ Bau and BBT,Jand 2 75 inch 0 D.~p1astic casing uas nsed in L
BH2.' In each case, the: tnbing vas installed in a clean '
horehole, and the annular space relaining in the borehole

'2 iss;t backfilled uith Sand-;ygigO pairs : of nntually

perpendicular grooves are provided in the' caszng, for the‘ ;:ﬁj
purpose of aonitoring the inclinatien of the pipe.;These tvo S
directions are nolinally referred to. as Rorth—Sonth and
- East-!est, bnt ;he actual orientation of tbe fgrooves was N
deter-ined vith a Brnnton coapaSS after installation. T&e "j"
| orientation of the "Rorth' direction for each 5 slope
indicator is shown on the site plan (Pigure 2.2). The.:“"'

initial inclination of the tuhinq is deterained vith

———

"sensor" at 2 feet intervals of depth, and hy obtainiag

successive readings at periodic tiae intervals. the changes ;;ff;
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-in 1nc11nation resnlf‘<g from. ground novelents can be
'deternlned..The sensor used vas the SINCO Digitllt, lOdGl{
50306. o .\ co.plete;descplptnon‘of the slope»lndlcatog device

is given by w11son (i962)5
. .._ '

Terra Tec pneunatlc p1ezoneters, nodel P1020, vere used
in each case, in conjunction Hlth the control console, nodel
1000. The general prlncxple of operatlon of . the pnednatict
plezoneter,»_ls;'the applxcatlon'vof a1r pressure throngh a
. ¢losed loopvsysteh,rto bnlance the__pore-,ptessure_ actlng.
;nagainstx the-fsensing.'elenent; 'noaeit'p1o;o 'nSesia single.
lllbellow to ninilize' tine' lag.~ High ~sensitdvlt§"to ~pbre. ‘
'npressure change Is"recorded by ‘llnnte' novements of the ;

: bellow, thus requlrlng practlcally no chande Vin volnne of, .
.vater,‘_and therfore belng sultable for low perneablllty_f

' clays.AThe plezOIeter was enclosed 1n a vell p01nt systen,'~'

IS

: and elbedded satggated sand at the spec1f1ed depth. A
.hentonlte plug was placed on top of the sand to act{ as' : h

- seal, and the tonalnder of the hole Vas £illed’ Hlth sand. g
, Typlcal 1nstallat10ns are shovn in Plgure 3. 1. | o
_#ﬂ-“ |
- 4 Rgsglts gg Igtgrgretation
S.Q.l‘ Strgtxggggh;c tog;l :

- Borehole logs for BH1 to BH? are’ given in Appendlx B;A
.Hoisture_ content ptofiles were obtained ‘for BH1 and BH7 and
s'acco-pany the respective hocehole logsf. Atterberg 11|1ts'
vere also perforled on the profile soils of BB1 and also on:,

,Selected soil .salples' fron anz and Bnu, and are alsou



included with the borehole legs.

‘ As ‘lentioned.é&ously, Bh1, locate‘d at vthe top of the
'North Sllde was salpled continuously to ‘a depth of 155 feet.
The uppermost naterials; consisting of till underlain byA
silty clayshales;vuere veathered to-u.depth of approxilateiy
) 35 feet; The ‘'soil. was breccxated and crumbled upon extru51onj.
. from- the Shelby tubes. 'Soil samples taken fron ‘a depth of
ahout 30 feet exhlblted h1gh1y weathered joints inclined at
about 150 ‘to- the vert1ca1, vlth lenses of selenxte up to 3/8!
1nches thlck betveen the joxnts, 51n11ar to those observed:
on the Lscarp .face of ‘the North' Sllde. J01nt1ng vas also
present in . the under1y1ng ;.unveathered laterlal,k and_
'espec1ally in the clayshales around 80 feet deep, vhlch vere
A,used for dlrect shear tests. Planar j01nt surfaces were
agaln 1nc11ned at approx;nately 10 200 to the vertlcal, -and

T although these surfaces were not oxldlsed, some softenlng

A'w

A

. ¥y f
‘was observed along the j01nt Surfaces,‘

At a depth of 130 feet, a“hara~ indurated hsandstqne -
' stratun, sone 8’ 1nches thlck was» encountered. This vas .

overlaln h’ soft, dark grey clayshale,‘ vhlch vas .rlch in

lontlorlllonite. Whlte f05511 specks uere present in thls7_e

';vnaterlal, and several vhite fossil layers, ~aver&ging f1/8,

inch in thicknes* vere also found a few feet: above ‘this

rlaterlal. These layers may in fact cdtrespond approxlnately_"
to the junction betveen the Birch Lake and the Grizzly Bear :
nelbers of the Belly River forlatlon, as' shown in Bigure” |

2.2.~ The sandstqne;.stratunvlvas.-underla;nr by dark grey



1)
clayshales interbedded, with lighter grey sandstone layers,
carbonaceous seale-and bentonite‘layers.

‘'Figure 3.2 shows the stratigraphic profile for BHS5,
BH6, BH1 and BH3, as 1ooated'in Pigure 2.2. Good correlation

exists betwveen BH5, BH6 and BH1 however the correlation with

BH3 is not as apparent. It seems that BH3 has been displaced ..

downvards due to previous landSIiding.-It- should' be noted

that each soil type contains large amounts of clay sizes,

and that clayshale seams are proaminent in the sequence.

Weathering vas observed in each borehole and . seems to

parallel the ground surface ‘at a depth of .about 35 feet..It

should be noted that there appears to be an upward flexlng

of the sandstone stratum at approxilate elevation 855 feet

(Figure 3.2), as it approaches the valley axis, observed

: ffron BH5, BH6 and BH1, vh1ch nay 1nd1cate evidence of valley

rebonnd It should aiso be noted however, that the sandstone‘

13

stratul was not detected in BH3. Plgure‘ 3.3 shows the

stratlgraphlc profile for BH2, . BHu and BH7 'on the South

Sllde. Heathering agaln parallels the ground surface: down to

_a depth of sone 35 feet. Fosszl layers vere found in BH2 at
a depth of 66 feet, ﬁhich corresponds_ in‘ elevation Hlth' |
those layers found in - BH1. Small fossil specks were also

‘found ln BH4, at a depth.ofvabont 46 feet, (Figuré 3.3) that

is a downwvarad displacelent;of some 10 feet fron BH2.> This

" .feature lay;greflect,,dlsplacenents in the,éoil'lassgdue:to

e

previous landsliding.

The'fossil layer is nnderlain by dark-grey clayshales,
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sandstone' layers, occasxonal carbonaceous layers up to 1

inch thick, and also thin bentonite layers.“ This again

corresponds with that found in BH1.

In general, however, it is difficult to trace

unanbigoously, any 'soil horizons throughout the soil mass,

due partly to the veathering process, but aainly due. to the

retrogressive sliding, which_has'been responsible for the

slide topography at this site.’

3.4.2 Piezometric Study

Piezometers P1, P2 angd Pu'were installed in boreholes

BHT, BHZ and Bﬂa respectively. Pore pressures uere nonitored

lthroughout the¢ 11 of 1975 until early Decelber, and read

again in April 1976', The piezoaetric levels: are shown in

-Figure 3.8, Average readings of 1.2 -and ,f:i, ~kg/caZ’ ’were*su

recorded by P2 and PY respectively during fall, 1975. No

readings vere taken during winter, however, when the slide

vas rev1s1ted in ldte uarch, 1976, thav had started at the

v

top of the slide, and streals of vater vere observed floving'
into the cracks along the scarp of the South 51ide, and

sxlilarly along theA North Slide.ﬁ The'_louer part of the

slides vere still frozen, and protected by a bsnoi co%erA

aiﬁout 2 feet deep, snch that seepage of vater froam the

slopes vas prohibited, and thus pore pressures ‘vould be

'expected t0= have . been ' at their highest at this tiae.”'

Jobtained, due to - the-

-

Unfortnnately readings could ‘not be

problea of the console freezing.

L'ff
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" when the -slide wvas. revisited in early Aprxl 1976, the
slope had thawed and latge pools of water had collected near
the toe of the slide. A reading of 1.38 kg/cn2 was qbtained
from BHS corresponding to an increase in vatér ievel of.
almost 10 feet. Unfortunately P2 had beconme 1noperative, and
hence no pore pressure reading yas ohtalned from BHZ. Three .
wséks latér ghe‘pie20|eter réhding had dtobped to .a value of

1.23 kg/cm2 in BHA4.

Psbm' these,.resulfs, it is‘ surnised that the pore '
pressuresbréached theis maximum at'ssle tipe_ daring sbiing>
ruhoff, vhen thé lover part pf the‘slopé vas stiil §§ozen,
and as‘this_p;rt_thaved, the'pose pressutss uere; gble to

dissipate. Thaus, it'bis:lost‘likéij.thatithe‘crificalfpbte

- pressure was greater;thqﬂ.that.récotded during npril; 1976.

T, 3:8.3 ..1_2_.991_@_:_991

. The origlnal slope»1ndlcators,'52, SB»and .Sﬂ;“ lqcated

in .Bﬁz, BHB and BHS tsspectivély, ve:e»initially fead in

early August s1975, ‘,spproxinatély ‘one  month after

installation. Following this,.'the;.slope indicators_usre

lonitored st ftéquent intervals'during the fa11,71975, until

’i Decelber, 1975, and then again 1n eatly April 1976.
R t

s vere processed by conputer and the plots are shown

Figures 3.5 to 3. 8. ,; S “,.  A

Unfottnnstely; gtéund loielents.dsripg'Julztsnds Aﬁgnst'

vets such that‘the casing in BH2 had'dsforied éxcessively in
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- the vicinity of the failure plane, hence it vas not possible
to lower the incllnoneter to the bottom of the hole. Theh
1nstrunent stuck at a depth of 60 feet belowvw the top.of the
pipe, hence this depth has been regarded’ as the upper lilit'
of the fa11u1r plane.‘It can be seen from Figure 3.5 that no‘.
other shearing ,planes} existed, above the poxnt. sn nas
.successfnlly .lonitored 'dutingo Septenber and 0ctober 1975,
hovever it also had blocked off at a'depth of U4 feet by
‘early.,Novenper “1975, after ‘which: tile, no further readings
were obtained. The results of 53 (Figure 3.6) indicate 'no’
snhstantial creep novelents ap to date, and thus it was not

" ‘possible to define ‘the depth of the failnre plane. It/'is
expected ‘that this, slope Vindicator Anill he;nonitoted-in_”

fnture to. follov creep loveuents.1 S T

Slope 1nd1cator s, uas installed in BH? near the 'Z%g
he

of the SOuth Slide in' late 0ctober 1975, to 1ocate

failnre pla *ne*at—thts~peint+~1tw,also vas lonitored ‘untilr;?w

early Decelber 1975, and- the failure plane vas located at a ;

depth of 26 feet helov the top of the pipe (Fignre 3 8).;hL‘Q

_ When this 1ndicato: vas read - in early'~hpril, 1976,
' ,defornations- dnrinq,-Spting thav had caused the casing to .

"blockgoff at a-depth of 22,£eet.
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'SLOPE_ INDICATOR CASING

PEA GRAVEL BACKFILL

_ PLASTIC CONTROL TUBING

BENTONITE ‘PLUGF

Cousm GALV. STEEL PIPE

WOOD PLUGS

' INVERTED RUBBER TRAFFIC CONE
'DEVCON LIQUIDSTEEL -
PIEZO. MODEL'P 1020

18" X1.5"1.D. GALV. STEEL

A

24" X 1,25"1.D. WELLPOINT =

6.8". BOREHOLE

‘jrrcuaz 3.1‘

SLO PB .I NDIC ATORS

PEA GRAVEL BACKFILL

TYPICAL INSTAI.LATIOK oF PIBZOHETBBS ARD
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" o . vcnap'rna v "
'LABORATORY TESTING: PROGRAHHE R
' c -
! ';.o,‘n
4.1 general . ,
LA routine 1aboratory testing ptogra.-e vas conducted to: -

dete;nine-‘peak and;' :@51dua1A strenqth f para‘éters ' of
representative f soilsv *for _ the 'stability analysis.f In .
. addition, 1ndex tests were perforned on tke soils describedg‘

in . the previous chapter‘ Linited.ninetaloghcal and physico-"

LS chenical tests vere also carnied out onqg ﬁsalple -obtained”f

L4

g iron"tﬁe, failure plane. The results and intetpretation of
the testing-progranle,: along 'vith brief descriptions of‘

testing ptocedures are described in this chapter.., o i';gA\

o

MMM&

Ihhex tests vete perforned on the profiﬁe soils of ;gis’
and on selécted Salples fron BHZ and BKR. Tha results Gf ) ; 

'ﬂgﬂthese tes{s 'are sullarized in’ Table IY.1. uoistnre content-
'.fjprofiles vere obtaieed for. BH1 and B87 and are' inclnded in‘f'
' K Lo gb ; v R

T'the boreholo 1
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g Laboratory, Departlent of Transport in accordance Hlth the -

procedures detalled in ASTHN (1958).
¥ . . ) .
'.(y

';piﬁ?rgloQQSpl'_ and - physiQQNChelical analyses vere
¢ ‘1‘9 bentonitlc clayshxl oé}h,‘fa’llurel plat'g
BHQ . Both sets tests 'ere undertaken by th
s gve

: of Soig -S;rence,uaﬂ'iversxty~1of Alberta.. The,

e e T

';5;~o;'hhe crﬁq size fractlon of ther
saiple #as obtalngd-ti x-ray.ﬂ}ffractlon technlgues: and ‘
’ ‘-consxdered apcurate onlg vgithini; 10 pesbent”ﬁpbysico-}:

qr. L .
the catlon,

ﬁ’cheaical an{lyses vere perfbraed to .deterl:

b e

{ﬁf;ls‘exchanQe "capacity. the vater solable 'cationsl and thef’f
- exchangable cations. The results are given an Table IV 2.
® . . X '"7‘,;’.'-9
" u_ §§ggg trggg_tg Stggz ) L
O .
_9, . i : COEE
Shear _ strength paraaeters vere-‘. reguired ,; forg,;
representative soil saaples of tke slide paterial.-!%d 1n='”
- 6

particular, a aeasure of the«resindil strength araleters ofi‘

the failure plane aaterial, for use xf

.fhaige deﬁoraations, are' reguire& to reduCe tH‘-st;ength ofi”

turbed saaples to the residual value (Jaaes. 1970),-and'~ ﬂl

s for this reason a'reversal direct shear box, supplieﬂ by"'

L

e_wykehan rarrance Coe of Bngland vas\chosen for tpe tests.;g.
'1Advmatages.a§a dﬁé‘dvﬂntag‘% ét the‘dfrict sheat test are tff
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Outlined”by Chattoﬁadhyay (1972).

Three soil types vere_tested, viz;
1 Undisturbead, stiff, fissured, silty clayshale sanples
vere taken fro- the core of BH1 between 80 and 90 feet. This
soil forned a large ‘l.tron of the backscarp.
2 Undisturbed, weathered, 511ty clayshale sanples ‘}efé
taken from a large block-salple obtained from Pit 5. This
naterial'forned part of the backscarp, as well sas\.part .of-

the failure plane, nearest the toe.
»

-

3 Reloulded bentonitic clayshale salples were taken fron '

the core of BHY at the locatlon of the fallure plane.r

Both undisturbed materials ve:ﬂﬂ?arefnlly carved from
- core‘ saiples and block saaple respeetively to fit the'shear o
boxa All salplesaiere tuo inches square and one inch 'thiCk;v

;Sanples 'vere first stressed to thexr peak strenqth at rates

’

"deterlined hy the Gibson-ﬂenkel (195“) forlula, ~-to ensnggt

'rfnlly~ drained conditions during shear. Upon reachlng pea

)
-

| &.strength,' the salples ~vere " then: - sheared t6' residnalt'

strength, taken vhen the shear strength reaained constant"..
'over tuo or nore successire colpression or tension cyci:s.f’

L;>51nce ﬂxenney (1967) gelonstrated that residnal stress is-:ﬂ
E”'ptxnarily dependent on ainerhl co-position, and independent,‘,_

iof stress history, original structure,,strain rate and other._

ljgfaétors ‘vhich doninate the path dfpendent pnoperties of a

o soil, reas:anable rates of displacesent (000098 and. o. ooma‘ |

7:inetes 4per -innte) vere chosen for a11 tests.,rhese rates;”

B e NPT

Vhl%gﬁare in keeping generally vith the recanlendations of Cullenfr;:;
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and Donald (1971), vho suggested a speed of 0.001 inches per

ninute for fissured overconsolidated clays

Intact samples of soft bentonitic clayshale from the

-4

'-failure plane vere not obtained as this laterial had been
. conpletely distnrbed during drilling. The' naterial was

hovever saved and later reloulded and prepared for .nnlti-
\>N. stage reversal direct shear tests.,NOrnal stresses for the

tﬂ?ée stages vere in the order of, 50 20 and 10  p.s. i. It

beqn denonstrated by several votkeriwxe g. Petley, 1966
~\_and Tchalenko, 1967) that shearing along a precnt plane is
;(flthé most snitable method for deternining the residual shear‘_
' .strength of a clay. This helps achieve alignlent of the
particles, along the plane. and fnrthetaore regnires snaller
f;%honnts of horizontal displacelent (and hence less gpnbers
'.~,of reversal ‘cycles) to attain the residnal state. 'This
”Q 1essens the aiount of exttusion dnring thef test, vhich isv‘
'ffnsualyy a problen dnring the later stages of conVentionalﬁffh
:fi,reveggal sheax tests., For . these teasonsc; it vas fonnd‘

'spvpteferable to nSe preqnt planes to deterline the residnaluja :

‘.(}strength in these tests.
SRR 4 _ . .

:’?F" The salples.vere first lixed to forl a nniforl, slurry,‘i
‘ﬂiat\ a noistnre content slightly greatet than‘the lignidﬁ\
lilit, thus ensnring fnll satnration. ’he slnrty vas :hen;~’ﬂﬂ
relonlded ﬂhto a. deep shear hox,. specially adapted for’“
:.consolidating sanples. rhe salples veée’ thenu loaded in -
'vff'stages up to a norlal stress (100 p.s.i l, tvice the valne ‘

of norlal stress reguired for” the first stage of shearing.ff

N G



Overconsolidating the'“senn1e>fihf;{ﬁisj vay héibé“bféGeﬁf’“*“
significant olnne change and exirnSion. dnrzng ' shear.

consolidation' read;nqs ve:e noted dnring the last stage of

effxcient of consolidat;on.“ !he_

loading

: salple : as. then unloaded to the required nornal stress for‘

the flrst stage of the test, and allowed to eguil1brate. ‘

‘ ' As uith previons tests. the two halves of the boi? were :
'separated by tnrnxng the screvs one half to thdqgﬁqaatters.:
. of a tnrn, and then the screvs were renoved. A plane was cut

ouqh the niddle of the sanple nsing a piano virei

:;éii ?

'&-gtrhe sanple vas first sheared for 6 cycles at a rate of

inches pet linnte. The reason for this uas to achieve

the residual strnctnre qnickly. Polloving this the snnple

vas sheared at "a. rate of 0. 00096 inches per ninnte for as

.., many- cycleSOas nas regnited to ensnre that the sanple yas in-

!flct at its residnal velne.'.
.,.flt this point the test ‘vas stoppe& and ‘the Asnnp;ef
nnloaded to the secgna no:nal stress levei for the seconde

g Stage of the she&t -test.. Tef sanple vas alloved i,tof
- eqnilihrate at. this %ress. and. t,ten sheared usj.nga the same

P techniqnes as dsscrigz"}5cﬁe, and sinilarly for the third

e ki _‘A.u.,.. v

fﬂ‘tissured cla!s :g ghlplﬁs (l1‘ t° 35) ‘are: presentedﬁ}nfi
b TR e e ._:\;31., .
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Appendix C in Pigures C1 to CS5. The curves are characterised
/ "

" by large dreps from the peak to residual strength, which is

usuelly reached after 2 fte 2.5 inches (5 to 6 - cms)

PO T -

displacenment. .
. ’\'.

———

A phenOlenon vhich ocsurred in each test vas e
.d§fferent shear stress-displaceleht curve for the tension
.cycle and the conpression cycle. The plots had hlgher shear;
strengths in the tension cycle, this being the direction of
ylhitlal shear’ in-each case, than in the .conPression cycle;\

.- Althongh the exact reason for. ‘this variation is not<¥nown,

several factor lay contrlbute to the difference - in

‘strengths. Diffgrent . failnre plane irregularit1es ';ay

develop invthe two directions. A&cordxng to . Patten.sf1966);.;
.'because irregularities have different inclinationsﬁie"tyo
‘td’ire_ctiqns, : the strength uill depem upon : the~. hear
"directient T&is idea was snpported by extninationfdf the,

.;_fatlure plane of these salples,. vhich all revealed non-
'zlanar. hn-lock; snrfaces. lost li‘ely caused by ngdj g
‘_1nclnsions in the salples.‘ pendiug' 1n the yoke uhichf;

transnits the load to the load eell lay also result in

: .different shear stress readings in the two directions.‘It is

\1~Talso possible that the ze-a.redding of the load cell nay'};

_fchange during the tQSt periodfenovever, as" the eXact reason,if

_Afor the twe dlsplacelent cgries 13 nncer ain,l the practice'f_

'.gadogtgd in tuese tests vas ‘to tekegsthe average of the;f

ltension and conpression cycleg. ,QA ’j .’éf‘_ o

'““f_:f!éfggﬁagéerregtiensf“rereffepgliediyfer',ebtein;m§~@£ieﬁ:j

. o .
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norlal effective"stress on ‘the saWples. 'This was the

pradﬁdure adopted by Kenney (1967), ~ who stated that area. |

correction affects, both the -shear stress and the norlal

* effective stress and hence /;"‘ relalns-'constant. This

practige’ vas also adepted'by.Cullen and Donald (1971). The

‘Mohr envelope for this series of test is shown in FPigure

1)

4u.1e : S . ‘Jid #

Shear stredgth;versus displacelent curves for veathdred

silty - clayshale SaipleS“(Bi to'B6) are shoun inulppehdix'cA”

in Pigures C6 to C11. Pigure 4.2 shows the Mohr envelope for

.
this d&ries of tests. : '

‘w“‘.\. o )

Tvo series (c and D) oﬂ?ﬁulti-stage reversag tests vere

carried ont on the renoulded clayshale.v,

tests are presented in Appendix Co Series C tests are shovn 

in;?igures C12 to C1u and se;ies D tests in ?igures c15 to:;
17. The Hohr envelnpes for both series of tests ate shoun.r

in Pigure n 3, and tvo dxfferent residual angles of shearing‘

resistance of 5 aﬁd 8 degrees respectively were ebtained. ;~f7

~
. : -
" e .

A snllary of the shear strength resnlts 1s giVen in

e e

e

_sé Iﬂ&9£2£2$s.192 91 2§§31&§
545;1 ;ndsx

dffné* index ' teiEﬂ i and Ii-ited idneralogical data;iV‘

perforled on the profile soils gave tesults,, si-ilar to":l

- those ohtained fron the Upper Cretaceons shales of the: o

g
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‘Ednonton Fornation, outlined by Thonson nnd Horgenstern
(197¢§ “ All profile soils have relatively high proportions

fof.clny sizes, vith snnller}proportions of silts sizes ~and
‘almost no sand sizes' nresent in ‘the clnyshnles."The
bentonitic clnyshale, vhich nakes up the major portion of |

‘the failure plane H'b a clay size portion of 76%, of vhich,
‘approxilately 75% is conposed of loi%aorillonite. This value
is reflected in“{he liquid limit of 1“3%. The liguid linits

of the clayshales nlso indicate a large proportion of‘

-lqntlorillonite present in the: blay fraction. :

All soils ax vhihit plncticity, with -plastic limits

ranging betveen, 171. andﬁ 30$.." ‘most cases the natnral

)

‘noisture content coincides epproxinntely vith the plastic ‘

vlinit. or in sdne cases, is slightly less thnn this lilit,»-
’_;hence nakfhg the liguidit} index negative. k '
_ o, |

o E .
e W

-1"_‘f-"_l<~-f | ,of’ﬂ'
*315&2“ £i£§S$:§232£_Is§£§
" The, uohr envelope for the péik stresses of | tne.
Iunveathered silty | clnyshales . (rigure : u.1)' 1ndi¢ntes

u“» ,Qy

]c"=-3360 p.s.f. and op-' 810, efy should be - noted that

1.Asevernl difterent interpretations of the penk strength

,envelope nre possible dne to the variation of the peak,
strength results. Clearly, it vould require several noref A

v‘points in order to define the penk strength envelope with',

"‘l;conplete confidence. The interpretation shovn in rignre u.] |

.fis houever the nost rensoneble for the resnlts ohtained.

'n rhese results, nlthough eppenring qnitgﬁﬁigh,.are conparnble'
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| T
to the 'resulrs tabulated b} Locker’(1969)‘on‘silrstene and
clayey siltstone rocks of Central Alberta. He  recorded
angles of shearing resistance of 400 for 511tstones and 350
for clayey s11tstones, and also conparatively high values of
cohesxon, vhich would indicate the presence of cenentation.
'The'”bigh ;elnes recorded in this test are related to the
mineralogical co-posiqnon of the clay fraction and also to
the proportion of silt ‘sizes present (Table 1v.1);i
Unfortunately no. lineralogical data is available for this
lateriel, houever the residnal angle of 19° suggests that d
;nnch‘lower proportion of - the clay sizes i is conposed of:
‘lont-orilionite than  the value of 75% obtained from the
i[renenlded clayshele‘salpies ef the failure piene; despited a

‘1iquid Timit of about 104X%.

As -entioned previonsly;‘fhe»slib'surfaces observed in-

'vthese salples &e non-planar ‘and rather hnnocky._‘ ev

' ‘leickensides vere observed on the slip snrface. This type of

- snrface uas also ohserved in ts on undistnrbed narerials

' hy Cnllen and Donald {1971) . Pennell (1969) tesred' several

-

'“,s‘ and - found in most cases that the undisturbed
- residual engle vas betueen 30 and 5° higher ‘than the
resggnel .angle leasnred'.vith_ precdt plane.,sa-ples. ‘He
'conclnded hovever, in the 1ight of his evidence, that the
nndistnrbed residnal angle 4of shearing resistance lore\
_closely represented ‘the . actual field vidence. vhereas -
:Kenney (1967), Petley ‘51966) and Tchalenko (1967) shoved

‘that shearing along a precut plene is the -ost snitable

gnlethod for geterlining the residnal shear strength of a
- S

N D S
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clay, ‘as obtained from tests on actual . slip surfaces.’ The
true'residnaliangle‘of shearing resistance.-ay.therefore,1ie

 betveen 160 - 190 for this material.

_ Results,‘of' the tests performed on the veathered silty
clayshales (Figureg4.2) gave peak strength paraneters of,
c' = 1430 p.s.f. and O ' = 239,' and O ' = 100, The
| proportion of clay 1n the salples was 66$ and “the liquid
11n1t wvas about 805. The veriabxlity of the natural naterlal'
is ‘seen fron the peak strength envelope (Pigure 4. 2). Thls
var;ahzlity is probably atéiibnted to the amount of cohesion
in each sample, due” to the brecciated nature of - the
material. Slickensides vere obseryed a1onthhe slip surfece _
sililar to those observed along some planes in-sitd in pit_.

5. o
a‘:ﬂ'\'

The Hohr'. envelopes for the renoulded Bentonitic

."clayshales (Figure 4. 3) indicate" residual angles of shearlng_

resis!ance of 50. and 8° for, series ' C and series D tests
"respectively. Th;s"naterial has a qunigglinit of 1#3% and
yclayﬁfraction of 1ux. The nineralogicnl analysis 1nd1cates ‘
. that approxinately : 751' of-.'the 'cbey sizes.‘_'a;rej
.nontnorillonite, vhich acconnts for | 55% of the total salple.lf
hIt is felt that an angle of 8‘ obtained from series b ] testsff
‘is nore representative than the 50 obtaine’ fro- series c
tests. Series c tests vere perforned nsing e. stiffer loadef?
cell and the readxngs obtained vere beyond the lover linit"'

of the loaé cell's cayahilit "ereas a- nore sensitﬂwe load

cell vas nsed for series D tfﬁh

a o T R T o

's. n residnal angle of 8° 1s 51
' -
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-

therefore taken as being:applicable andi in ddition,‘is.in
good agreement with previous work carried ont:\dn the
bentdnitic; clayshales of the Edmonton Forlatioﬁ (Locker,
'1969; Thoison, 1970 gnd 'i971;‘ Eigenbrod and HorgéQgtern,
1972), although residual angles‘as lovw as 2.6-3.60 have been

_ recorded‘_for, the Beatpagvshilés_of the South Saskatchewan

Dam by P.F.R.A.  (1970). R
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There ;;;; Iittle " donbt,\:“ fron topograph'cal
o : . i :' i
5Yconsxderations, that this site is an_ area of vety old {*;‘f

 f1unds1idinq, i& §¢€hat _thg pecent landslides are the

seties of block failnres -

)

':continuatiqp‘of*i retrogréésive.
- -8, . .
nghich has resulted in the prisent day gentls slopes.»at' "&‘

.....

‘-'a'vs

Uith Snb—horixontal failp;e sarfaees jf:



o R | : ..f'>." 'g. : 3[h; f;:;. N:\: .: ;

"; plane lay in fact lie soneuhere betveen these two; lilitinq
s cases, 'being theA result of a ~graana1 tiatteningfof the

'steps' during the several phases of sliding.-‘which have
. prece&ed the tecent landslides. This would laad to a seni-
_ 1*planan failure surface, or. in the lilit, to the flat failute
| sucface shovn 1n Piqune 5.2._!he actnal failure surface can

be 1ore accurately desqﬁﬂbed only vith the installation of

Several lore s109 '. f _rs dovh the slide profile.;

J..

. f»“V'Preiiéﬁzlgandslide ndveients snggest that tgg angle of
shearing Te

tance- is at residual along the najot part of

the failure plane frou thd toe inuar&s. Only the bnckscarp,




latqral sttess relief‘pausod by previous landslide activity.'

a -ecﬁanisn postnlatﬁg by !ctzaghi,ln 1936. The veatherodif; ;j'o

and brecciated laterial, a%Founting for the top 35 feet, has7

been responsiblo for tﬁo easy ingress of ground ant
1rainvater and it is concoivable thatutglf vater has baon K
n

%?le to porcciato to grqator depths by loans of these joints

‘and fissuros, and hence initiate the process of soften;ng

vhotvoen the joints. It is therefore felt that the cohesion

 has been allost conpldtely 1ost along tho hackscatp$“§iif

prane.A,.{



”ilheing PreVehted by the frozen 9f°“nd'hi

s e » A
'\

-&tﬁe' scarp area but discha:qe frol the t%e ofﬁthéaslide is

4

ohserved in Harch 1976,w1t thls Stage the snov alonq tﬁﬁ top )

situ&tion vas ff

'ﬂ
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- » .
de iaﬂn.fthe piezonetric dﬂiface and the R ]

sed failure Su:tace are all specified, as a seties of;'

"’ed Ess & series of slices, whose equilibtiun isf o
) in“‘seqnence and vhose sunnat;on, satisfyingﬁiie“f .

overall stability

1 x;-ﬁ‘

;bonnda:yseqnations. giveS' the

“rfprogra-he{i,l'.full discussion of the neﬂbnl is presénted“hy v'fJ;J
efTHOtgenstern and Price (1965,-1967).,fg‘}“ o |



V:;the ueathered latetial. A sunnary of the soil prOpw._ﬂjJ;"

A

’-Piqures 5 1 jg 5 2', Soil type 1 consisted of till and;jgfﬁ

-acconnted for only the top 13 feet of -aterial. Soil type néhsii
| consisted "of veathered silty clayshale, uhich parallelled?“
' g»the ground surface at a depth of betueen 35 and 45 feet, andgf

:"soll type 3. vas the unueathe:ed silty clayshale undeclyingzv

vf;sZStreﬂgth pa:aneters used in the stability analys}s is givenj

3;1n Table v.z. and an’ explanation of the-choide of strength-

";paraneters »for the 'stability analysis is given in th&

: fallowing sectipq

:’Tah &‘v 1" suilarise
A i EC N

s u‘!‘ .

psed as 'a basiS‘forhthe stahility analysis. In addition to};;#

‘.ﬂthe strength paranetq:s shovn in Tahle‘ v 1, seVeral otherh

Z'ﬁ;co.hinatioﬁs 'uere also tested, in particniat thefeffec';of;v

s the 1ahoratory results obtained;

%co-ponents»of thefbackscarp and the failnreﬁc



streugth paraleters obtamned fro- shgsg’KeStS‘on the

‘_bloqu;of_q}qxgikJﬁﬂ;AA ” -:f‘i”; _rntative of the st

'u:‘pgthlétng’{ ;_if',,ﬂﬁbilised along that portion

,hgiékSé&fPKih;ff'Vf.uhlch is proposeﬂ ¢s belng a series of
ey R
1~1nterconneéted 30 nts. Zeto cohesion would be available in

»-ss}; . .

joints,' hoaever it uonld. also be suSpected thatf'

t

*?softening and weatherinq proééSSés lay have taken place;;

5 along the sides of | these j01nts, resultlng N in' ”57ﬁ"
disaggregation :E the shale particles, as Well as a general _ '
,disruption of the soil structure, and cbnsequently AJK;

i'decrease in the Angle of shearxng resistance. vhich, in the'b

' 1ilit lay fall to the value of 23°. as obtalﬁed,fron test on’

o the veathered naterials. Thé effect of reducing the angle o£f   )

'~___;."ﬁearing rfsistance. ;6_£ this

"1nvestigated;“"" 'ST;J'?'”:f' S

f' The -ajot: portion of the 1ower pa f7



peak ; be assnlql as

' vas recotded foﬁ : & A"'n:[tic shdles of the Bdlonion

. Result,s ' of t& norgenstern and Price stahihy analysis ,’;.,:,t,;'l';_,_ﬂ :
prefori‘e&“on the slide profile shovn in Figure 5 2 ére e
’ .;::sulnax:ised in 'rable v.,z.vxt should be noted that the _f&di;ﬁ:

‘).
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o~

1n° in ‘the unfailed sections of the failure plune, sections

dq

5 and ‘9' respectively in Pignre 5 2. Using,these strengthnl‘

,;paraneters, a factor-ef safety of 1 056 iS obtained (trail7iﬁ

hi surfacea a).» This factor increases to 1 059 1f an \fgle of:.t

.tvﬁsheariug resxstance of 100 is_ sPecified in the veatheredfff‘f

‘tg.aterial closest to the toe, in sedtion 8 (trial Snrface 5)513;?-

;Tjh;”7 value inc:eases to 1 090 1f 0' f&? the nnueatbered}jffl

t;beé:'carp laterial (section 3) is increased fro‘ 230 to n1° -

fl snrface 6).@¢_f3

;The effect of an‘increasing cohesion in the unweetheredx




the '

' ."}'corresponﬁing to a dtop irr piezoletrit "lévql of about 8 to
'r'10 feet, and an associated inctéusb.._h fn’
i51.059 to 1 172. 2




slope of 2. 50 vas specified. rasulting j.n staps ‘of:“ bgt'een}"',;i.
tive. ‘“a ight feet in height-~(rigure 5.0 The resuits of

: the Horgensférn and Prici‘stgbi11t, angt,gis on ghége lodﬁis* ff

R

"-#It can he ‘seen’ is-ediatcly that tha factors of safety i

TR 5 .

these . nodels, especiany the 10 stqpped fauu:e Plane) ‘ ;
9

the flat failﬂre pian;z(rable V. z)..@

'-':',

-l‘*e 10 failune plana

\odel gi?bs a’ unreasonably high"vftactor ot .safety of 1 259

~.‘:'=*233 i‘a; the nnveathered backscarp uateria:!. and o a

. BT . R
- 1 w% ass.v__":lng.‘mauﬂ, and An, %ﬂiﬂases assu-i.ng a»"esidnal

\L

'919“9..?-331. aring J:es:l.stance al q f.he -hori:ontu porgion;}'of
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4,50,
5.3 Di§sy_ssisn )

The following points can he.concluded from the results

‘of the stability analysis presented in the previous section;

1. In order to obtain alfactor of safety close to unity,
residual angles of shearing resistance, as obtained from
laboratory tests, and zero cohesion vere being mobilised
along the major portion of the essentially horizontal part
of the failure plane, when slip<occurred;

2. Peak angles of shearin; resistance were.being ;Lbilised

by the materials comprising the backscarp, however there had

. )
! almost a complete 1loss of cohesion in the backscar
\ /EQGQ p P

material prior to failure.
3. In order to reduce the factor of safety ‘%o unity, a
piezometric 1level slightly in excess of that level recorded

in early'sptingy 1976, vas required. This would indicate

- that the piezo-etric ﬁressure acted as a final triggering

mechanisa for the landslide.
4. It vduld appear from the analysis, that a stepped
failure plane, the results of which aré sumsarised in Table

v.3 is an inappropriate model.

The results summarised in Table V.2 indicate that the-
facter\ of safety is most sen§itive "to the strength
parameters being mobilised along the flat lying portion of

the failure plane and also. to the position “of the
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7?1920!6tri¢>hé5d. The factor of Safety is least sensitive to

the strength parameters of the backscarp.

.The-strepéthqpa;aneters used in the stability analysis.
to obtain a- fatfdr‘ of safety of unity, are specified in
. Tablé‘v.1. Residual angles of shearing resistance of 80 and
100 uere. applied ‘respectively to the unveathered and
veathered materials, making up that portion of the failure
plané, vhich had formed part of the very old landslide
failure plane, that is, sections 6, 7 and 8 in Figure 5.2.
The remaining sections of the horizontal portion of the
failure plane, i.e. sections 4 and 5, which are proposed as
bging a first time failure ver&, on average; lébilising,'
anglgs of shearing resistance betveen peak and residn§}
‘values. Unfortunately no peak strength paranetéré wefe
obtained for this material, and hence a peak angle of 140
,vas. assumed, as recorded in similar shales of the Edmonton
Pormation (Tho;son, 1970, ;971). An angle of 14¢0 Qas
_therefore - applied -in,section-u (Pigure 5.2), and stability
&nalysis'indicated a reducéd valué~§f ioolvas acting along
the failure plane in section 5-~This increase iﬁ 0' along
the length of the failure plane, is similar to the approach
taken for the Lesueur Landslide (Thomson, 1971). It is
suégeéted that the decrease in o' from the peak vaiug to ‘a_
value bf 109, in the unfailed seétion, may have been due to
previous creep movements, .or possibly as aldirect result of
vélléy rebound (uaihesdn;'ibiZ).‘* o

‘Although the factor of safety is relatively insensitive”

-



_. s
.th ’tﬂé‘ strength parameters being mobilised ‘along the
backscaryp, the most reasonable solution requires that peak.
angles’ of sheatinq,tesistance are béing mobilised, with zero
~cohesion in the veathered bedrock, and at most, a small
‘f’cohé;iﬁﬁ in the ‘'unveathered bedrbck. Tfe peak cohesion
“ingercépt,- obtaihed from tests on intact samples of the
unue&théred ci;yshale, vas 3340 p.s.f., and thus, even if a
vsnall éohesion wvas being mobilised, it still infers that a
lérgefdecreasé in cohesion has occurred prior to failure.
Resqlﬁsv‘of this series of fests also indicated a peak angle
ofr;héating resistance o{ 410. It is, however, suggested
thqt: veathéring aléng the Jjoint surfaces in the fissured
ye&rock lay;have reduced -this value considerably. Joints.
vereﬂdbﬁerved in the core samples recovered, at depths of 80
féet; \it ~would therefore hg e;pected that, in‘the vicinity
| oflfhe backscarp, ingress of wvater along these joints would
:have ‘caused ‘considerable softening and veathefiug. Laguros
et al (1§7u)alinvestigating the field wveathering of some
bklahOla shales, obéefved that such -veatherin§ produced
1'4dis‘ag’gr:evgation of the shale ﬁatticles. i.e. an increase in
“Ti;s amount of qiay particles in each case, and in addition,
field‘weaghering producéd degradation of the clay particlgsr;f~
' They alsd_prbposed ;hat veathering over a long period of
tile cauiﬁ conceivably alter the clay mineral typés: This
increase. in\ cliy' particles, coup;ed with the ' general
'fdisruptiohs: in the soil strﬁctﬁre, resulting from the
' ;'véatherih§  processes, 1is 'therefofe responsible for the
\\;;giduction in,d- along fhe joints»of the backscarp. The angle

o

o
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pf she&rinq resistance obéained for theiweathe;gd clayshaiés
vas 230, and hence, if this value is assumed as A ipwer
limit for O' along the jbint surfaces of the unweathered
material, a factor of safety of 1.059 is obtained, in
comparison with 1.090, when o'=u1o' is specifiea in tﬁe
stability analysis. The angle of shearing resistance for
this material may in fact 1lie somewhere between the .twvo
1i|its; resulting in a factor of safety also between thé
limits. Hence it must be concluded that the laboratoty tests
performed on the intact glocks of the unveathered clayshale,
vhich yielded results of C* = 3340 p.s.f. and 0' = 410 are
not representative of the strength parameters lobilised.
along the joint surfaces.
e | _ _

e v.3,rsunnarizing the results of the stability
analyzzzizésuling a stepped failure plane (Figure 5.1) shows
that in_.allAcases‘tﬂé factors of safety obtained vere ;uch.
higher thaﬁ the corrésponding values assuming a flat)tailure
plane. It must ;heréfore'be concluded that although~the idea
of a retrogressive failure mechanism appears valid, the idea.
'6f a stepped failure plane ;ith sub-horizoﬁtal sectiéns
roughly-parallel to ;ocal bedding, is inappr riate. If such
'steps"- originally existed, then‘ it must be interpreted that
fhese havé been rounded off and essentially flattened to a

linear feature with successive block movements.

§;§;2_ Mechapise of Egilure

It is to be concluded fros the previous discussion,
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that the recent slldes are the continuation of the long tern

88

slide movements. The landsfide tOpography, subdued by
excessive erosion, indicates that previous - landslides wmust
nave taken place at long intervals of time probably in the

order of several centuries

‘It is postulated, that several stages of lnndslide
activitj have pneceded tne most recent slides, the result of
vhishbis a pre-sheared failure piane mobilising thé residual
angle of sheaninq resistance. The most recent landslide
lovelents, have been a result of a very qradual decrease ~in
the stfenqth of the backscarp materials. This has made the
slide mass only critically stable, and undoubtedly this nas
been triggered by the high piezonetricblevel following tﬁ%v

spring runoff, in 1974.

N

As a résult of the previous landslides, ths staté of
stressl‘in the adjoxninq bedrock has been altered, due to a
renoval ‘of the lateral suppo:t. This has result;d in a
lateral expansion, and an opening of the joint and fissure
systeas in the ‘bedrock, to a considerable depth. The
strength of the bedrock is sufficient to hold these joints
open, and hence has alloved an ingress of ground and
rainvater, which has initia;ed the process of softening and
veathering along the‘joint sntfaces. This ptocess continnes
until the clay along the joints is tedqi?d ‘to the "fully
softened state" as described by - Skélpton '(1970). The

softening and swelling of the material in ‘the joints

conseguently leads to the opening of more Joints and the
-
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softeﬁiﬁé process .continnes. Hence there has been a slow
deterioration in the strength of the. backscarp material,
panifested Dby 2 ttanslation of the MNohr envelope downwards
nnéil it ultilately passes through the origin, that -1s, a
loss' of cohesion but a retention of the peak angle of

shearing resistance. This process is described in detail Dby
. O '

skempton (loc. cit.].

53

It uust not be construed that the cohesion had vanished
entirély throughout the backscarp, but the'presentatiom,of
the stabiiity analyseé (Tablé g.2) showved that wvhen a
cohesion intercept of 3000 p.s.f; was‘applied, § factor of.
safety well in excess of unity was obtained. Howvever lovw
values of cohesion along this part of the backscarp, Bad
only a small effect on the factor of safety. Thqrefore,
although a seall cohesion value may have existed, thés still
‘ilplies that a large decrease from the test value of 3340

\p.s.f. has had to occur prior to failure.

Indeed t.his case is very similar to ‘g:hat of the Devon
slide .(Bigenbrod and MNorgemstern, 1972). This slide also
occurred ii an area of very old landslides, ~'-obilising
residual angies along the Dbase of thé slide, vith peak
angles along the backscarp, but essentially zéro cohesion.
Agpin"several centuries had elapsed since the'tile of the
otigxnal failntes, as attested to by the subdued topography..
This slide vas only crxtically stabi; prior to failure, as

vas indicated by the preseuce of cracks along the scarpﬁ

area. The slope may ‘have elained critically stable for many



90
sore ieacé; until triggered by some natural force, such as
high pore pressure as in thexcase.of the Bdgertog Slide,
houevgt the slide wvas triggered by :>cut made into the slope
for a highwa »ﬁnbanklent. It would théféfore appear that.
many natural siépes in areas of old 1andslides.la7 exist at
very low factors of —safety fof a long time, until a

fortuitous combination of factors initiates movement.

A prdgressive‘decrease in cohesion, as described above,
is also proposed as the reason for failure in many of the
case histories of first tiwme llides in overconsolidated
fissured London Clays, analysed and discuséed.by James (1979

and 1971).

It is worth noting the time aspect for this softening
process to occur. In both thé Edgerton and the Dévon Slides,
it wvould appear that several centuries vere required to
effect this softening process, wvhereas in iost of the cases
of ~embankment Cxgs wmade in the London Clays, failure
occurred within 50 'yeﬁts. These embankments vere up to 50
feet i.n heigh‘tb. In ‘:e case of the Quesnel Slidé, Ed-ontoh',
failure occurred in 1974, about six years after the original
embankment cut was made. The cut, vhich was about 25 feet in
depth was through the lightly’ overconsolidated glacial
lacustrine clay of'Ednqnton.llgain cohesion had completely
disappeared throughout the failure plane (Thomson, 1976). It
would - therefore be concluded that the: time for this

.

softening process depends on such factors as, the mass of

soil, the nature and stress history of the soil, and also



/‘\ ' . . 91

the availability of the softening agents.

N

Undoubtediy the triggering mechanisam - of the Edgerton
Slide has been the increase in piezometric level vhich
occurred during -spriné, 1974, vwvhen, the initial failure
occurred causing a slight depression along the scarp area.
This is not to say that at this time it was the highest
piezometric ievel ever. The piezometric level was a high if
not higher in previous year§,- hovever the necessary
requirement is for the streagth of thelbackscarp to have
decreased to such an exte<%1 that the fgctdr of safety was
low enough, such that a recurrence of a critiéal piezometric
level was sufficient fo lover the safety factor to a value.

near'unity and hence initimte slide movements.

These small initial wmovements,’ accompanied by a
subsequent dfop it the~ piezometric ievel,_-ay have been
responsible for the téléotary stabilising of the slides. It
ié hovg;et postulated that Bhe continuous creep movements
which have followed in both the North Slide and South Slide,
have further reduced the strength parameters along those
sections of the failure piane not yet at residual, and
consequently also lovering the factor of safetj of Dboth
slides. Such creep movements have been detected in the South
Slide, which has not yet failed catastrophically, during the
fall, 1975, and spring, 1976. In the case of ahe North Slide
however, creep moveaments during the spriﬂg.and sunmer of

1974, vere'eﬁouéh to lover the safety factor ‘gufficiently,

such that catastrophic failure occurred in late Auqust,
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| 1974. | '

|

Catastrophic failure has not yet occurred in the South
Slide, 'and i@'iact, to date no emergerice of the toe of the
élide has been observed. ‘Projections of the lower part of
the failure‘ surface (as ded;Zed‘frOI slope indicator data)
indicates that the toe is in the order of 1200 feet

v
horizontally from the scarp of the South Slide. The
increasing scarp height, coupled with the movements detected
in ‘the slope indicatofs are  clear evidence that initial
failure has occurred ¢
- The slope indicator in BH2 becanme inoperative_in August

1975, that in BE4 in Noveaber 1975 and that in BH7 in April
A976. Despite the fact that little movement is required to
.

block off the sliope indicator tube, nevertheless it is
further evidence éhat failure is. progressing fro- the scarp
tovards the toe area. This case history demomstrates that
one cannot assume that failure will progress from the toe
‘@pslope. The dirgciioﬁ in which failure will propagate in

~
any particular landslide vill depend uwpon .site specific

N
N

detail and also upon the triggering mechanisa.

In seeking a tentative explanation of the fact that the
toe has nét yet emerged, wvhereas g\?rop of 7.5 feet has been
recorded at the scarp it is suggested that the movements so
far may have been absorbed within the slide mass. This would
be effected initially by a closure of the joints and
fissures within the soil wmass, and possibly A very slight

bulging of the soil in the lower part of the slide mass. In
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addition the geometry of the South Slide is more favoyrable,

from a stability point of view, than that of the Worth

-

$lide. Pirst the sliding mass is about 200 feet longer than
the mass of the North Slide, which most likely offers more

resistance to movement. Secondly, the South Slide ﬁhﬁﬁ A;Q
/ i ':_);"

slightly flatter than the North Slide, having an average

o=. v

slope of less than 100, as compared with thatgﬂgﬁi;1f°
rééorded for the North Slide. ’ «§K§
. ‘ NG -
It must be concluded that scarp no;enents will contiéue
in the South Slide until such time as the factor of safety
is lowered sufficiently to cause catastrophic failure, or
alternatively, triggered by sufficiently high piezoiytric
pressurées vwithin the next year or so. No appreciable creep
movements have been detected in the lort{ slide since

catastrophic failure occurred, and it is to be concluded

that this slide is now quasi-stable.

Pinally it may be asked vhy some areas nearby,
especially those having stéeper slopes‘did not fail at the
same time as' this slépe. To ansver this questidh\vonld
require a careful study of the groundwater pattern of the
entire area in detail. It is suggested that these areas may
have more favourable rainage systeas and ‘conseqnently
comparatively lower pi zometric levels “than in the slide
‘areas. As mentioned pteyi usly, a systes pf ponds, sloughs
and marshy areas gxist to the wvest of the slide area, aﬂd it

is suspected that these areas all drain indirectly into the

slide zone. Secondly a local study of the topography along
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the valley wall vill reveal the effects that old landslides

t
have had on the presentZ;:y stability in these areas. \



95

o ey - -

L 4 4 v 1 J v v L] L J
_ _ _ _ _ | a1vasavid 1B |
Vo oL 0 ) oL 0 ._ €2 oLnt .. 0zZ\ " ZLt “ gZuaHLIYaA "1. "
1 | y
| | . | | } | 3IVHSIYID :.m |
\ 8 0 | 8 0 | - - | oni ) ont i >riImoimag V. |
A i ! ! : 1 i { (
v_ - + - ¥ + + < + = +—d
[ I ) { { { 2IVHSAVID _8 ]
) (e2) | | — ! | | CxL1Is 1|
v in 0 ! st 0 tn once | 9zt 1 9zt lazgdadivamin ' o |
\ | { v 1 ) K . YR
{ | | ) | b -31yusivio 1|
I €2 0 | ot o | €2 oLny | 0zZL t ziv |} 131IS _W |
) \ ! { { | qgayauivia I g !
i \ { . i ] | . l o )
\ nZ 0 { - - { - - | o€l ) oct | 1313 ) )
| | f { ! | s ) )
= r ¥ + +— + A
| sgagoaq -3 °s-d | sazyo3a °*3°s-4d | saauo3a °*3°s°d | *3°5°d | *3°o°d. | { |
i .0 WD i N Yo } .9 1D | LY¥$ { ) — | (
i SISKTUNY | TY0QIS3y | Nvid 1 [ | | {
I° ilI7I4vlis K1 a3aso - = —4  aLlIsmEa | XLISR3A | i i
| SY3LlaNVEYd HIONZELS | SUALINVEVA HIONIHWIS qZ¥0SYANN gilvunivs | 13A | IVIHILYN | I
) i { i } |
[N - . 2 1 A 3

STISATVAY I1ITIdvlS NI 43aso S3I11¥a40dd 110§ 40 13YHHAQS

1°a 314Yd



_ PR . . e »~ iy . . ] - '

8 w JMWW.MMW 9 . u S | L]

! . : v Z°G 910674 UT UAOYS SUCTISSN 03 I9Jel SIeQqEn) *
v ! ‘td‘ S .d Ll k V v = l. - -ﬁ! s1 h ,1 - 1
1. ° T2A8T-°022141902°11 _ . §1 s boaes ) | b
\ Al asvaedaalzer sty oL o ' 8 -0 t 8 o0 1 ot o0 Vv wr o0 V gz:0 4 gz o,lt wzol zy |\
. 092Z°t\ 1 1 | \ LY T f I 1
I - anv1d Teo1rvdiszz=il ot oottt 8 oot! 8 o00t! oOf oqoti L ooOtl €T 0O { €20 ¢ az ol i |
1 -. oROTY L0 "L} - [ N | o (Y | | | |
[ goxsaHodlteo-t! ot o ! 8 o I 8 o0 f ot o ! 41 ootl €2 o l €2 02 t nz ol o4 | .
r - “T8SL LT 1 T T K : T 1% T T T -1 &
) ..m& i oo o It 8 o ) 8 o0 !t oL 0 ! ® o0 | €2 ooom_ €20 1 »Z2 ol 6 I =
.L uawﬁNhau.hﬁb p. ) ) | | ) [ ' . ) ]
o aewagidNg axdzZiL°l oL o I 8 o | 8 o | ot o t a1 o0 | €2 ooo~_ €20 twz ol 8 |
} onnunbUQNPp t) | ] ] N (Y ) | | .
- unum-nnu-n_poo tl-"'or 0 8 o ¥ 8 o0 1 oL O ) m o | €2 ooop. €20 1 oz o)l o |
r T {060 3% OL- 0 1. 8 O I ® O T Ot O T o6i=0 T ta 0 TV ¢€CO0 T HEOT 9 1
I .- otqes- wo33l6so"Ll ot o -8 o0 U 8 o0 t oL 0 | wt 0 | €20 | :hw/o i nz of ¢ |
L ‘$39308e3%31960°44 8 0 1.8 0 V.8 o0 ) 0L O ! wL Q | EZO | ENO L vz o) n |
I daeosyoeg xesdiinG - | g 0 f 8 oV 8 o I8 o I 8 o0 T tno T 2 T8¢ 07 ¢ 1 NS
_fA. “1y%d PY®®4IZI6- 1 8 o 1 8 o0 t 8 ¢ .8 0 | 8 o0 | gzo | £Z | 92 0ol 2 |
! >-Y 8 ©o0 1 @8 0o,V 8 o0 ¥ & © ' 8 -0 Vv 8to 1V 8L 0 T 81 0F v
| . | ( _ A | _ | | | |
[y o Y Y i - - I 5 e . d
] : i b ' ¢ o mc.a ) m;..o 51 ¢ > T N JRY) | @ o ”.o 1 |
. e [ ] ] [ [} . ) [ ] [ ] []
i, | P | h ] b A . { | | | |
1 ° N | 1 ) v *na‘zm»‘au_ua‘mm»-uu_ | .|
1 8| TIESATD ITIVASIVID I TYHSAVID 1A TVHSAV IO b x3a1Is ) xi1Is ) 0 ] |
\ \ Hlvaa ' Hivas ingg 1 cladd  1Z9vESIVIDY  BIvamxol  cHIvas 17714 ) |
| | | € \ 4 I sy | -on |
| } 2
1 )
L |
i [

¥ L~-—-—-p—'—--———‘—<L:"‘
’

SYqvNIe 4 + - A A ~4 *23ds |
’ P . | PR ) }
suzidutuvd §1S dnvia *1I¥41  SHILTNVHEVNG HIORIWIS  d¥vOSaOVE ITVIME!
) 3 ) M ) ’ i \m Q-
L
- 4NV JW0TIVY IVI4d NO SISATVAV ILITIEVLS 4O I3YNNOS .

z°4 378V _ - Cows



TA3SLE v.3

SOMNARY OP STABILITY ANALYSES ON STEPPED FAILORE PLANE

o e e oy

REMARK

F

S

BLOCK{ BLOCK}
(o

e
L}
(8}
2]
[
-
ol | A ‘-
[-Y] v ©
om
~ [ ] -
-] m v
=]
[ B R
L]

-~ 154 -
[ IO -
o~
) -

m v
o e e ——
s -

L e
3 o4
] -

/m v
b oo o - - of
]

e
T <
= x .
< U
al -
[ 3 5]
" et
[= &

P o - -
Q. ] -
[ [ s
- | =<9
(5] - -1
0 nwn
[ 3 e
VO |y
- " -3
[~} [ &

b o= - o

~ -
- O
-

Y R
L-—-—J-———-
= .
=) e O
[LE-R .
= o -

- .
b———_—.\.
o) o
< OO
- R =

[ ]
L

4

f = > = ]

L@ f~tow

® |~ ©ow
o foooo
Shanindl dodraindi el
ajlo
- -
o le
}p = = — ——
- ™m
FRE
=3

0
0

. .4
o~ ~N
[— 2 Y -]
}.—.-VLI-—-—-——q
Y NN
- - 9 s
NN~
p——-)-—b—-—q
ga o
- o~

f - — o

o
L od L[] L[] [ ]
NN o

CRESEC——

wavwg

~r~ v ~r~©w
QCOOO o000
— - o= o) = -
-
~r~®©ov ~~ac o
cooQOo OO0
r—-—?j ——-——
o . o
- -
(= [=]
-_-.-.T——-‘.—q
m -
o~ =
(=4 o

o — — g o———

~m

o~

o

————
‘\

a °

o

- —— ]

B
[ ]
NN

1

b o e wmn —n of

oA vo

Y
;- g - . o o gy o - — g - A =
(3] [
) o
» @ - -
) ot Q [
..lg [ 7]
-< (%3 [
[ON ) o U oL
-y " -, - -
[ 205 ~N @ > o
- (R "
-= - -
ne -O-HL -Q-b-‘J
b o = - o .,.--_*—___..—_..—\“'
m|loocoo |[goma [ovnoew | morsr
N nerow | MmO~ OO | NNTEO
O |lNerecro [Nerero |anme [ aame-
L] i 0 . . L] L ] L] » . L I L] . . o . L ]
- y - Lol o I o - - - g
}-——q}-‘-—__‘—qr————qr————q----——4
o lrraxo [OOCO | DWw |OO0OOO
. - - - - - v
B - B E-X-X-X- N E-X-X-N- K -N- X Y]
}.......,-_._._.;.____. et
o |rrcw lcr0o0 irro0 [ RO
o loooo |oooo |00 |DO0oCQCO

23

0

b -y

h-‘--—-_-

.

by v ol - o - -

-

L — e e —

- oo

Nusbers refer to blocks in Fiqure 5.1

97



98

dNVTd Z¥0TIVA a3dagls ONISH -
2QITS NOL¥E5QE 1°§ J¥NSIL

(13) 3FDONVISIA TVINOZINOH

002l  0SO! 006 - 0SL - 009 057~ 00¢ 05}
Rl ] H 1 ¥ 1] ) i
— 04-/ “ I .
) A s
\ =~ - £
S— : : 2z
B 006 <
. 1 bt
adAy J10s Tl : _
) | 1 ' H0S6
Ajopunog }10S
muc*_:m@on_a 2 [—— o001
aup|d aunyioy - |
\.b I3



e

3 " ' R ¢
ELEVATION (ft) : '
1000 .

+++++++++++++++§I
++++++++++++++++3

+4++++gtttrrtt i+,

900 gf++++++++++++++++E++T

+++t+t+++t+ 4+
N Q

o
7o

800

750 - S i

100 - 200 . . 30 . &0 . 500

i ."_n
!v g

 .FIGURE 5.1 EDGER



« ' b e \ v
N M)
‘o . . :
. | . .
. . .
N . gv
$ . . '

.O.G . BROWN"RIGHLY WEATHERED Y
Q¢ COLUMMR JOINTED TILL. |

BROWN HIGHLY WEATHERED - ,
 SILTY'CLAYSHALE - - T

b+++ . STIFF GREY FISSURED | L
biit SILTY CLAYSHALE

N ALT. LAYERS DARK GREY
\ BENTONITIC CLAYSHALE, - . _
NN | LT, GREY SANDSTONE, - \

* CARB, CLAYSHALE AND - -
THIN BENTONITE LAYERS.

T

SR
Lkttt ++++++F
' dedei b

o

| 7
. A

500 600 70 <« 7 8o - . g0 - .- 1000

DGERTON SLIDE '~ USING FLAT FAILU]

G T T e e

B I S R . .
v . I )



PIEZOMETRIC SURFACE
——— = = FAILURE SURFACE .

NV  SLOPE INDICATOR CUT-OFF

" ELEVATION (ft)

-WIOQO )

SN\ Neltinn

o
.7 1300

. . . ~ ‘ v\. - . " " o - S -
y C. ) - . . . . S i
. . . . . * T G- P
N . . -l . . e . . R 4
R R
:




CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

6,1 Conclusions

The object of this research vas 'to investigate the
recent landslide movements which occurred on the valley wail
of the Battle yhiver, northeast of Wainwright, Alberta, to
prbpose a ‘mechanism of failure and to support fhis by leahs
of numerical Stability analyses. The folloving conclusions
are drawn in the 1light of the .rasults and discussién
presented in the previous chapters. ,
1. .The‘ recent slides are the <continuation of §L
refrogressive series of slides which have resulted in the
present day siopes. It ié postulgted that several phases of
sliding have’ preceded the recentrAélides, however the
1&nd§11de topography has been subdued by.ferosioﬁ.ﬁhich '
su99eéts a'ti-e span in fhe o:dér of ' several centuries

succesyive phases of movement. The fact that the toe

~ of. thq>uqrth 1ide breaks out allosi,half vay up the valléy
vallvsﬁggests hat the failnre plgnes have vbeenj controlledv
by beddings ¥ith failure taking place along veak bentonitic
,clayshqle'layers.. | ' ’

2. stabilify dnﬁlyses performed. on - the incipient South

:Slide has shovn,kh#t_the.hse-éf a 'steéped'_failnre flane is

inap§r§priate. rheA slope indicator data, coupied_vith the.
résults of the stability anaiysis ~indicate ithafi thei soil

\
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‘backscarp,, due to the process o£

~ have been crit1ca1 y stable for S

¥ 1ol

L [A
\. &

mass is siiding along an essentialiy planar failure surface,

' incliped; at .about 4.59 to the horizontal. It is estimated

that the backscarp of. the slide is inclined at aboat 7H0 to
the horizontal, based on measurements . obtained from the

North Slide, and the portion of the south "scarp visible,

which at the time of writing vas in the order of 7.5 feet.

3. Results of stability analyses,'perforled on the $enth_
Slide, suggest that residual strength parameters are Fbeiﬁé
mobilised along the major portion of the horizontal part of
the failure plane, vith peak angles of shearing resistance,
but essentially zero cohesion in the backscarp materials.

Angles of shearing resistance on average betveen peak and

' residual are being wmobilised along that part of the

hotizontal portion of the failure plane nearest the

backscarp, which is suggested as being a ‘*first time'

movement. The drop in O' from the peak value may be a result

of previous creep iovelents, or alternatively, some ‘other

shearing process, such.as valley rebound (Matheson, 1972).

4. The reason for failure is proposed to‘have‘been a

result of a very gradual loss xm the cohesion eiong the

,ning in the jeinis and

fissures (Terzaghl, 1986 Skelpton, ;990). The soil mass may

years, bnt fallure
vas eventually triggeted by,the incte

induced in the slope, following the gfiing-xagofs in 1978.

The North slide, having failed~iptastroyh7'a11y in 1914# is

nov qnasi-stable and no visible creep iovelents have been
. A :

e
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observed. The South Slrde is still ‘creeping steadily,
however failure has not yet progressed to the toe of the
slide. It is expected that this slide will also fail
catastrophically at some time in the near future.

5. 1t follovs from the discussion that there is a time
element involved for the softening process to take place. In
the case of this landslide, and similarly for the . Devon
glide, the subdued landslide topography/imﬂtqizj:/}hgt a
long period of time is required to effect the sofls ing in
the backscarp. In conparisqr lang slides in embankment cuts
in the London clay analysed by James (1970) occurred within
50 years. Obviously the time for this softening process
depends on such féctors as, the mass of soil, the nature and
stress‘,history of the soil, the ava11ab111ty of the

softening agents, and also whether the slopes are natural or-

man nmade. It would be exéectéd that embankment cuts would

~

.e;pedite the softening process.

6. This case demonstrates the importance of the
) piezpnetri§ pressure in éxplaiping landslide activity
espec1a111 in - natural- slopes. Aithbugh the piezometric
1evels ‘recorded here vere aot abnorsally high as also noted
in the Devon slide, any increase or decrease in the
piezqnetrlc level has a prononnced effect on the stability
‘of the slide._In the case of the Bdgerton Landslxde~»1t is
_ postulated that the ‘pore pressure per se vwas not the prlne'_
'reason for failnre, rather ‘it vas the triggering nechqnisn.
| as noted previously. ﬂovever it is of nlti-ate importance to

record the piezonetric pressures accnrately, in order to
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carry out realistic anaiyses.
7. In the 1light of this case history it is suggested that
many slopes exist in leta-st%ss; equilibrium fof long
pétiods of time similar to this slope, until the foftuitous
combination of factors initiates movement. This concept has
many implications for highwvay or similar '-const:uction
associated with vailey valls. Several other cases of similar
slides have been reported, althohgh in most of these cases,
outside agencies ﬂave been :esponsible for gtiggering . the
failure. In the case of the Peace River 'Bridge collapse
(Hardy, 1966) the bridge construction, shift in the \river
channel, and finally the expessive precipitation were
reéponsible for réﬁbtivating failure. In the Devon Slide
(loc.cit.) the meta-stable equilibrium vas disrupted by
"minor charges to the ﬁlope for highwvay putposesf‘
8. Pinallj, it is suégested that the retrogressive failure
" mechanisa described in this case history is a dominant
process of vallej videning in the Upéer Cretaceous rocks of
‘Western Canada. The Edgerton Landsiiaé is typical of a large
nuaber of slideé occurring in the Upper Cretaceous bédrock
of Western Canada. Tﬁ?\fail&ie.snrfﬁces are generally vedge
ﬁshaped consistihg of a steeply dipping backsgafé, abruaptly
curving into An essentially horizontal 1lover portion.
_.Illusttations of typical gfailuré- sﬁrfacés are shown in
Figures 1.3 and 5.2.'The lover portion of the slide surface
is stratiérgpg}bally-contolléd and occurs roughly parallel'
to pedding planes in the bedrock.'Thé rite”and degtée,éf'

softening of the soils_in the backscarp area are unknovn,
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but in the limit the strength of these soils is reduaced to
the fully softened state. This state is represented by the
' \

peak angle of shearing resistance and \\zero cohesion.

Therefore these parameters should be used for the steeply

N’J/’/i/ﬁping portion of the failure surface.
that old

In areas where geomorphic evidence indicates
1aﬁdslidinq has occurred it isgnost probable that the new
landslides will reinitiate movement along the old slip
surfaces. Therefore it is recommended tﬁét residual strength
parameters are appropriate along the lover flat 1lying part
of the failure surface.

9. It has been recognosed.‘as mentioned previously, that
‘nmre pressures exert a pronounced influendb on the stability
of tﬁese slopes. Therefore any remedial measures which will
reduce or inhibit the rise in piezometric surface will be of
considerable benefit. _This case history has indiéated'that
there is'ah incréase in pore pigssute ig\spri%?;as a rgsult
of spring runoff. Therefore positive surface dfainabe in the
scarp area and for some distance back from the crest of’the
valley wall should be installed to inhibit the “infiltration:
of surface vater. This nmay also influence.  the rate of;—'
softening of the materials in the backscarp. - |

o~

3.2 gecolgegdgtiogs

In view of the fact that the toe of the South Slide has -
not yet cropped 6ht, it is suggested that'slide movements be

observed occasionally in the ‘future. Accurate profiles were
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obtained for the South Slide in May, 1975 and 1976, and
these should be compared with successive surveys in the
future to trace the wmovement of these stakes. It is
suggested that piezonetrié readings also be taken throughoht

the summer and again next spring ‘following spring thawv.

It is also recommended that the North slide be
monitored in the future to follovw any creep movements,
although no appreciable movements have been detected up to

this time.

An integral part of the mode of failure of this slide
is the‘softening process. However the mechaniss and time"
rates of the softening process are imperfectly kﬁovn. It has
been suggested that: this phenomena is a function of such
. factors as, soil tgpe, stress history, fracture
permeability, soil mass and the availabilit; of rainwater.
It is recosmended that a further bstudf of‘ the softening
proceés and iis effects on the strength pataletérs of the

soils of Western Canada be undertaken.
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PRECIP;rArxbu RECORDS .
“ ‘P’ARAD‘ISE VALLEY  53°07'. 110°21* 2200 FT-A.S.L. -
;
YEAR | JAN| FEB| MAR| APR| MAY sun| sur| aue| sep| oct| Wov| DEC
1961 ~ [1.94]0.56]0.54]0.99/1.230.48
lissz o.97(1.35|1.22 0. 80| 1.39] 3.91] 4.13}0.62{0.830.59] 1.37 |o.88
1963 | 1.04 1;12 1.19{1.21|1.68{ 4.36| 2.96 |2.31/6.50|0.69 0.70(0.59
1964 || 1.40{0.59]0.46 |1.07 2.51|1.02|1.75 |2.04|3.81|0.90 1.02{0.68 ;
1065 || 1.25|1.17]0.47 [3.066.17| 1.74| 3.10|0.730.04]0.76 0.50{0.47
11966 | 1.32}0.37]0.49 [o.57]0.46| 0.71] 3.36 |2.63] 0:460.08| 1.36 0. 63
1967 .|| 0.84/0.71{0.88|0.83{0.97| 2.09| 1.381.78/0.07 1,15{1.33(1.21
1968 [ 0.82/0.53 0.821.38[0.83 2.20 3.97_3;33 3.91]1.09 0.20 1.16'_'-
1969 || 1.63/0.55{0.18 {1.24|1.40]0.53|4.82|1.10 2.62{0.690.60 1.17
1970 || 0.49]0.53 i.QG.Q;ZZ’l;Of 6.26{4.98(0.37 0;51_i.94 1.130.94
1971 | 1.520.39 0.9500.33|1.11]3.21{4.92 2.32|0.420.58[0.87|1.47 - |
1972 | 0.80/0.93|1.37 [1.18]0.69|1.30 2.31]1.91|1.96|0.32|1.00|0.58
1973 {0.54/0.75/0.91 |1.66 |0.64 4.64]3.28 |4.661.07[0.941.760.75.
1974 11.68/0.48] 1.02 f0.94|1.32]4.64]2.94 1.03{1.02/0.210.01]0.59
'19751- ﬁo;as 0.56{1.67 [2.12|1.463.81|2.14 2.97| :
v .
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