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‘direction of slldlng.

ABsTRACT
Two natural rock slides in the Canadian Roc Mountains
have- been 1nvestlgated fodlowing a mnodel for/ rock slope
1nvest1gat10ns.;‘The geology at each area uas'mapped in~
detall in the slide areas. The slldes are slmple and have
occurr ed down the dlp of beddlng surface discontinuities.
;é lateral marglns of the -slides{‘ uhere they

The scarps a

existed,. have . been formed by near ‘vertical Jjoint sets

'striking approximatelj parallel‘ and perpendiculr to the

<.

&

'

The rock masses undyrlylng the slides: were "thrust into’

position alongﬁleep-seated faults.‘ The failure surfaces at

- Jonas Creek | have been geqtly folded The assumed toes of the

L
slides. outcrop tuo thlrds .of "the way up the valley wall.' The
slide at Jonas Creek has occurred within the Lower Cambrlan
Gog Group quartgstes. The failure surfacesﬁﬁat Whitehorse

Creek are(planar and the toes of the slldes are located near“

~

'the bottom of a small valley. The slldes occurred wlthln the

| N °
Mississippian Turner valley Formation of limestones and

dolomites.
‘. L
.+ A'mnew fethod of measurlng the roughness on the failure

plane, utlllzlng only a CLAR compass and 51mple statlstlcs,

has been evaluated at both slide areas: The nevw. method gives
»

51m11ar results to other 'methods of evaluatlng roughness

over the small scales previoasly investigated. The new

. Y 3
method , however, allows estimates of roughness on much .



b |

larger scalesA‘which\ were previously unobtainable. The

controlling scale ‘of foughnzss appears. to exist on the 0.30
m scale. The roughness varies substantially over short
\ B

dlstances, howeVer, and must be mapped in detall.

The frlctlonal resistance , 9T lean matlng beddlng
_ 29 0‘%

surface dlscontlnultles fr“‘-”

fﬁﬁ areas was evaluated
"vin the laboratorg u51ng a g ;-;:paratus and tilting
table tests. Peak and ultlmate snFor strengthb values were
evaluated - for natural rough Surfaces on 5cm x 5cm samples.
The values of @b estimated tsing the' direct shear: test and

the tilt table test were similar. ,The tilt table test

results were easier to obtéin + howvever, than the direct-

@

shear test results.®

Results indicate that ‘thee—commonly quoted 30 to 350

valué for basic friction anglés in rock may overestimate the

basic friction angle.acting if the field.

Back-analyses conducted on the slides indicated that

the comblnatlons of ﬂb evaluated by tilt table and the fleld

roughness on the 0.3 m«'scale ylelded factors of safety
’/

' varylng from 1.07 to 1 34, a reasonable result.

51mple‘ dynamlc ,analyses conducted on the slides_

indicated that " the movement of tne-‘slide debris was
( - A .

controlled by the laws of dry sliding friction.

w
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= The Transition S{ress At Which Shear Strehgth For A
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-discontinuities must be known.

Chapter I

Introductidn

o »
. i

The nebeséity of'finding.nei sources of raw materials
has fqrée@ open pit mines to be excavated to dept@s in

excess of 1000 m. Slopes of this height must be designed as

steeply as possible, as excess excavation costs may be on

the order &f 5 to 15 mllllon dollars per degree of slope

angle (Brawner,1971). Qg the\other hand oversteepening of a |
slope may lead to faiihrES which could be dangerous to
personnel ahd which‘could cost ﬁast sums of money due to

<

productlon delay and equipment loss. In order to design such

‘deép steep slopes as safely and ég economlcally as possible,

the shear strength parameters aqting along geologic

]
&

The desire to create new structures and transportation -

corridors - in mountaipQus terrain also necessitates the

evaluation of rock elspe ~ stability. Under these
circumstances, the -evaluation of slope stability is-

cri%ical, as very often slope failures may lead to 1loss of -

“life; an unacceptable. consequence of 1inadequate slope

design.

In the iatest state of the art paper on rock slope
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. . s .,'ri‘.( \.".”
\stability at the recent‘meeting'be;he International Society

for Rock Mechanics, Hoek and Londe (1974).indicated that the
/ L ’
results ofj) tests on small samples of clean mating

| . . ‘ . :
dlscontlnultyes, found in ‘well indurated rock, often

f . . [ ’ :
overestlmatet the shear strengths found to’be acting in.the

N

field.

Krahn 7197&) 1nd1cated that; future reéearch in rock

mechanics should be concentrated along . the lines of

-estiméting‘aand' understanding the field shear - strength:

Pal
7
-~

behaviour of rock ‘slopes. Krahn also'indicated thwf there is

still a great need for detalled case hlstorles of slides to

confirm or d;sprove the reliability of analyses based on

direct sﬁear tests performed in the lab, and to evaluate the

'topograpgic ' component of goughness acting alongi

discontinuities in the field.

o ™

Brawner (1971) also indicated the -necessity of ,case.‘

studies:

Fl

"He are desperately in need of case :studdges and
analy51s of field fallures to test theo tical
cpnpepts. Oonly - then wlll real practical pr \Jress
be nade. " . :

l

PR

1-2 PURPGSE AND SCOPE ~ \-

. The purpose of this thesis was first and foremost ' to

design‘-and evaluate -a simple method of predicting field
s_aie‘vglues of roughﬂess in order;to pfedict ‘field scale

values of shear strength. The theoretical model for this

°



’ ‘ 3

. approach was establiéhed by Pattdh (1966). The measurement

of @b, the basic frictional component of shear strength, by
a simple tilting apparatus .was compared and ‘evaluated ., with

more conveptional direct shear test methods. The tilt table

5 \

tests were also compared with direct shear test results

reported earlier by Coulson (1972), and otAer tilt test

results by Cawsey and Farrar (1976), Hencher (1976) aAd

Barton andj Choubey (1977) . It,.vas hoped that the.

~investigation of the slide areas studied would help to fill

in the void in case-histories pointed out by Brawner (1971).
The thesis invest@gatidﬁ~g§charrieq‘out and reported

upon in a fashion similar to ‘that expected in a slope

'stability investigation. A sgitableﬂiramework for this type -

of inyestigatiqn'wss presented by Hoek and Bray (1974) in
the form of a slope stability flbw chart(Pighre 1-1). The
initial parts of this flow chart (steps 1 through 6), which

were used in this investigation, were examined in detail ahnd

are reported in the thesis in the order presented by Hoek

and\Bray. '

Chapterszz and 3.summatiée‘ the geological_ conditions
found at the sités of ﬁhe slide areas beifg investigaﬁed.
These lie in the‘Canadian Rocky Mountains at Jonaé Creek'and
atthhitéhérSe Creek. Chapters 2 and 3 sy;thesize the
geological data obtained from geologic reports, topographic
maps, and field.work carried out in athek vicinity ~of each
slide. | | \ 1

Chapter 4 presents the theoretical basis of the

;o

L]
| /’\4 - . e

L3

o



measurement of roughness. 1he.results“?f‘the app/lication ‘of'

this ‘theory to the slide areas studied are-gompared with

previodsly proposed methods of roughness evaluation.

\ Chapter 5 sum#arizes the results f laboratory

inVestigétion§ of‘shq.r stren%th using conventional direct
shear apparaéus. In addition a ne; metﬁod 'f evaluating @b
is presentqﬂ/and evaluated. -
Caégter 6 preéents the results of back-analysés
perﬁormed \Bf- each sllde area anWLtlgate . The results'of

these analyses are then compared w1 h the ield estimation

-

of shear strength 'composed of ' @b and tlhe measured field

- roughness. The dynamics of the sli#es and

[}

. model for slide
novement are discussed.

Chapter 7 summarizes the thesis results.

-




1. Collection of geological data from air photos,
maps,and surface mapping.

\

o

2. Preliminary analysis of geological data to
establish major geological patterns.

Examination of these patterns with réspaCt to
slope geometry.

Assessment of the possibility of slides
developping.

\'4

3. Detailed geological mapping of the problem
areas, _

v

4, Shear testing of representative discontinuity
surfaces, particularly weathered or smooth

gnes,
\/

5. Establishmenttof the proper pore pressure
values acting in the slope.
v

6. Analysis of the slopes given the above informat-
ion to establish the factor of safety of the slope.

~

[}

. .

FIGURE. 1-1 Flow Chart Of A Slope Stability Analysis.
 (Modified After Hoek And Bray,1974). '




CHAPTER II , -

The Geology Of The Jonas Creek Slide Area

A

2-1 INTRODUCTION

This chapter sunmarizes the- results of geological

. investigations carried out in and ‘around the failure

£

\M(Fianagan,1978 and Coleman,1911)._

surfaces of two rock slides on Jonas Ridge in Jasper

National Park. The slides are separated by a’largel mass  of
. ‘ _ . & . \\ N

.unfailed material still in situ on Jonas Ridge. Both slides

have beén recognized”and discussed qualitatively By several

authors including Colemén (1911),, .Hugheg” (1955), and Baird

(1963) . Both slides occurred between 1885 ' and 1893
' ' i

Previous workers /in,Aareas surrounding the sliée have

establ'tshed the regioﬁal_relationships with respect' to the

stratigraphy and structural ~geology. These Tesults were

augmented with detailed mapping of the slide area, a\,

' prerequisite for this type of investigation. This field vork

was carried out during the summers of 1976 and 1977.



2-2 LOCATION AND ACCESS

The dJonas Creek, study area lies within the Main Ranges

of the Rocky Mountains (Price and Mountijoy , 1970). " The

mounfain side underlyin§ the slide area is referred to as
Jonas Ridge by Hughes (1955), and is situated on a southern

extension of Endléss Chain Ridge, on the east side of the

Sunwapya River Valley; about 93 km’ south of the town of:

Jasper. The coordinates of the slide are 1179 24' W

l&hgitude and 520 26* N latitude.’ The Sunwaptd River
occupie%’ thé4v§alley flo#r and also traverses part of the
rock sliée debris which formg small rapids in some areas.
Elevatiohs in the area rangé from about 1500 m above sea
level (ASL) at the river to 3000 m ASL at the top ~of the

ridge behind the slides. Figure 2-1 summarizes the lecation

data and some pertinent geographic detéils.

Access to the slide area from either Jaéper or Banff'

can be had via highway 93, a two lane hard covered road
which traverses the slide debris 60 m above the valiey

bottom.

2-3 PREVIOUS WORK | . | \ -

previous exploration in ‘the area surrounding Jonas

. . N : 0
Creek has been meagre. Hughes’(1955y mapped the structure

and 1lithology of the bedrock formations of the Sunwapta and
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Southesk map areas (NTS No's 83C/6, 83C/11). The Jonas Creek
rock slides lie near the central portion of this reqion.
Other work has been done in the areas adjacent to Jonas
Creek. Pertinent areas are shown on Figure 2-1.

Mount joy and Aitken (1963) investigated the early

cambrian and late Precagbrian %ﬁaleocurrents in Banff and

Jasper Parks.

- -

4

Charlesworth et.al. (1967) studied the structures and-
provenance pf the Precambrian Formations of the region
around‘JaSPQr townsite. Although both of these reports deal
with areas somewhat removed from Jonas Creek, the dominant
.NH-SE'linear trends fouhd in the Rockies and the great
lateral extent of the original‘ depositiopal environmeg£
(North, 1966) make it gossible to correlate similar
lithologies over great distances. The{rock types studied by
Mount joy -and Aitkeﬁ, or the sedimentgary depositional
envirénments investigated by Charlesworth et. al. in their
res?éctive areas, are similar to those found at Jonas Creek.

Price and Mountjoy (1970), as part " of a Géological
survey of Canada project named Operation Bow-Athabasca,
synthesized the gross geologiL structures found in the
eastern Rocky Mountains Ubetﬁeen éhe Bow and the Athabasca
Rivers; This investigaiion was conducted as part of a
reconnaissance Jsurvey on a scale of 1 ¢cm = 8.4 km, but
neveréheless contributes valuable information ;ith respect

to the structural geology ‘near Jonas Creek.

Road logs are available for the Jasper to Banff highway



from the 24th Internatlunal/ ConéreSs of Geology held in
ﬂ§b Montreaﬁ (1972) . None of - the logs are very detalled however
. and ﬁan only be used as general guides. Guide books coverlng

the area were presented by Stott and Taylor ©(1972) "and

o

Va » wheeler et. al. (1972) .

Cook (1975) mapped an .area of the Banff- Jasper hlghvay
sou£h of the North Saskatchewan River cr0551ng to Lake
Louise. Thi; .afea{ vhich' exhlblts' stratigraphic | and

,structuralf domains similar to those at Jonas Creek is also
marked on Figdre 2-1. ' o o

v : :

In 1975 , Bayrock and Reimchen mapped the sprficial
Qeology of Banff and Jasper Parks. Recopnaisancewmaps on ;

-

'/3 " wscale of‘1:50;000 wvere produced which fitted as overlays

onto standard NTS topographic maps.
: . . wF >

Z—H.SURFICIAL;GEOLOGY P

The surficial geoleéy in the Jonas Creek area was first
mapped by Hughes (1955) . Details are vague, hovever, and no
sdrf1c1a1 maps were presented. Hughes reported (page 108)
sthat there was little evidenée in the form of striationms,
glacial grooving or moraines ‘to supportnthe fact that the
Sunwapta VaIdey had ‘beea glaciated even though the valley
does have a broad U shape (Figure 2-2) . Hughes did nete'
(page 113) that collgvium covered a large -portion of the

v

study area mostly in the form of talus cones and rock ~slide
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debris.

L

Hughes (page 113) was one of the first to document the

rockslldes belng studied here. Hughes (1955) states,

"2 rockslide crosses the Banff-Jasper highway
at mile 47.5. At this locality quartzite beds
of the Jonds Creek Formation broke away from

- Jonas Rldge and slid westward with enough °’
‘momentum to carry them across Sunwapta River."

Balrd (1963) also recognlzed the presence of the Jonasu

<

Creek slldes and hypothe51zed on the ba51s of the age of the

Y .
trees present, nthat it took place at least 70 . to 80 years

ago.

)

More recent sqrf1c1al reconnalssance mapplng of = Jasper.

4

- Park. was performed by Bayrock andx@elmchen (1976) from air

photos. A small part of thelr flnal map ser1es- surroundlng

the Jonas. Creek slide is. shown in Flgure 2 -3. An outllne of

X -

"the rock slide_scarps aﬁd thessllde debris has been added to
" the map however, as the‘rock slides were not .shown on_-thé

,original map."fhé ‘two 'steep,‘ near Vertical back scarps

exposed on the ridge above the hlghway, the;'nearly planar

well exposed fallure surface on one sllde, the 1rregular but

steep side scarps or flanks, and the, accumulatlon of hlghly

disorganlzed roken rock fragments in the valley bottom, f1t

into the gene alxdescrlptlon of a .rock slide outlined by
Ritchje v(4958, p.56-57) and leave little doubt thatdthe
study'areabdoes indeed encompass two rock slides.

g o ) o _ /

Bayro@k'and Reimchen's map illustrates that the floor

Ny , : ) _ /o
of the Sunwapta 'Valley, other than the alluvial deposits
. . N . T . Q K
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found within the river banks, consists of bouldery rolling

moraine from 2 m to 12 deep. This fact in onjunction with
the U shaped valley and the proximity/ to present day'
'glac;ers establishes beyond reasonable douybt that the valley
vas glaeiated.A |

Rubbly colluv1a1 aprons,‘varylng ln thlciness from ‘O 0
n to 2.0 m deep blanket the bedrcck on the lower half of Lhe
~valley walls. Bare rock makes up the upper portions of the‘d
exposed rldges. | |

The surf1c1al geology of the sllde debrls was.mapped in
detail. The debris on the lower part of the slope consisted
of all sizes of particles,'from sand graine up to large flat
blocks 3 m square and up to 1 m thick. One very large b;ock
of debris, 20 m wide and 30 m long was found on thevvuppef
-slope very close to the expoeed failure surfaces.This block
was still relatively intact end . so had probably not
travelled very far with respect to the rest of the debris
vhich had been broken up in transit. All of the debris
blocks were identified as the Gog Group»quertzites.There was
ho evidence of any other material type in the debris.

Debris from the north slide travelled over ri km
fertlcally and 4 km horlzontally, measured from the . top of
the scarp to the toe of the debrls. Debris from the north
%llde crossed the Sunwapta River to the opposite side of the
valley. The debris from the south silde, which constitutes a

larger mass, has also travelled 1 km vertically but only 5

km horizontally. The volumes of slid mass were 2.1x10¢ cubic
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neters for thé north ;§Lae and 4.5x106: cubic meters for the
south slide. The volume of the unfailed mass separating the-
two failures is approximately 2.1x106 cubic meters. Tahle 2-
1 summarizes the ph}sical dimensions of the slide debris.

. of
Debris - thickness from both slides was napped by

. e
traverSing the debris in a grid pattern and estimating the
depth of rock at each pOint of the grid. The estimates of
thickness in meters are shown on the air photo in Figure 2-
lu. The estimated thickness of debris varies from 1 m to 10 m
and averages about 3 m thick. The debris outlines for both
slides are shown in detail on Plate 2-1. 4The air ' photos
shown are Government of Alberta photos numbers 2107~
5210x No.s 132-133. They’have a scale of 1:33,333.
Examination of an air photo stereo pair.of the slides
Jeveals a pattern of ridges and'troughs in the dehris (Plate
2-2) . Cruden (1974) points out that these are normal
occurrences ir rock slides  where debris flou has ‘heen
impeded by pronounced topographic barriers. The crests of
“ the ridges are shown on the air photos by a dashed: line. The
watelike pattern which has an amplitude varying from 3 m- to
6.5 m is superimposed on the much ‘larger scale’ valley
topography. The ridges in the debris may have been”formed by
several small slides occurring in sequence, vithxthe‘leading
edges of each slide running into the trailiag edges "0of the
older slide in front causing a bulge in the topography.
However, they may also be due to one laroe slide exhibiting

an 'internal wavy pattern. The largest bulge, denoted by
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number 1 on Plate 2-2, coincides with a major break in slope

~ that occurs between the steep dlp slope of the valley wall
and the flatter valley floor and may result from the slowing

down of the rock mass due to the slope change. | ‘ \

A pattern of ridées is alsp seen on:the valley floor to

.

the northwest andl southeast of‘ ‘the slide‘debris. These

ridges are caused by differential erosiOh along bedding

planes.‘ The bedrock ridges ar% much closer spaced and have

much.less'topographic expressio% than the rigoes in the
qebris, especially near tbe s¥ide margins. In addition the
curved dgbris rigges_ do -not follow the trend of the
relatively 'stralght bedrock ridges, and‘so'it would appear
that the‘ridges found in the;debris are not associated with

the bedrock ridges found on the valley floor.

-

The outer margins of the debris are very sharp as there'

has been very 1little scatter of the 1nd1v1dua1 blocks. A
margin no wider than 1 m can be traced along both sides of

the debris separatlng the failed debris'blocks from the

gl

‘undlsturbed moraine on the valley floor. In places near the

north margln of the north sllde,the debrls 1s only one block

" thick. This contrasts greatly with the leadlng margin of the

south sllde which varies from 3 m to 10 m high, reclines at
an angle close to 40°, and is sllghtly curved in plan (Plate
2-1) . Both debris outlines are lobate and tongue " shaped, a

pattern often_aSSociated.vith rock slides (Cruden, 1974).

|
|
[
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2-5 Stratigraphy t /

3 . \\ .
The rock found on the southern extension of Endless
Chain Ridge in the vicinity of the slides, belongs - to the

Lower Cambrian. Gog Group. This sequence of'rock, depoéited

550-570 million years Ltefore present (MYBP), consists of“

massive clean gquartz - sandstones. and quartzites with thin

shale lensAinterbeQS'(é%gf, 1975).‘ \ "
' Field ' mapping carried out during 1976 and- 1977
indiéated' the quartzite beds at . Jonas Creek vary in
thickness'f;oF 0.16 ﬁ to at 1éa$t 1.0 m. The Quartzite is
»ptimariiy honey * coloured with minor inclusions of hématite

' or limonite which ines the rock a pink hue upon ﬁeathering.

Hughes (1955) regbrted the presence of thin blue-greén shale

lenses irn the vicinity_of Jonas Creek. ‘A-small discontinuous

. : : , ; |
lens of this shale was found during field exploration near

) n ; :
‘the middle of the north slide failure plane at Jonas Creek.

This léns, however, was less than 3 m long'and Varied_from 0

to 6 cm in thickness. There wds no other evidence of shale

N
~

either onthe slope surface or in the debris.
Crosé-bedding sf;uctures have beenbréported ip theﬁGog
,quattzites~bybuountjoy an&%Aitken’(1963) and Codk (1975) .
Cross-bédding at Jonas Creek, found"during‘ field work,
existed on all scales.
Plate 2«3 is a bhotograph of large sééle cross~bedding

observed on the slope at Jonas Creek. The cross-bedding dip

EN '

at Jonas Creek was parallel to the rock slide failure

\

|
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direction and thus may have contributed significantly to the
down dip eroughness' angle acting~ on the failure surface.
Further discussions with respect to the variatioms in
_ roughness.are detailed in Chapter 4. ©

'wThe\Gog Group as .a whole, according to Stott and Taylor
(1972) varies . in thickness from3690-2200 n én the Southert
Rocky Mouqtains. North (196?) suggested “that theﬁ.average!
thlckness is <close to 600\m.lﬂughes (i955) Etated that the
‘Gog Group was approximately 1500 m in the v1c1n1ty of anas'
Creek. mhis number agrees very closely with the thlckness
es&imated fr9m the structural geoloéy map reproduced from
Price‘ and Mountjoy (1970) in Figure 2-4. The Gog Group
exhibits great lateral per51stence as well as depth -and can
be traced elong str{ke\for 130 km in the vicinity of Endless
Chain Ridge (Figure 2-8).

The base of bthe Gog- is defined by a disconformfty
'.separatlng the clean plnklsh—wh;te arenaceous Gog Group from
the green argillaceous metasediments f the Precambrian
Windermere Groub'( North,1966) . The top of the Gog Group is
deflned -by a thln layer of llmestone often referred to as
the Peyto Hember of the Hount Whyte Formatlon (Cook, 1975)
Nelther the Windermere nor the Mount Whyte Formations are
1ncluded in tHe rock slldes. Flgure 2-5 is a stratlgraphlc
summary of the formatlons 1n the v1c1n1ty of Jonas Creek.

The slides occurred in the upper third of the GoadGroup

according to Hughes map (1955}.

.



16

1

2-6 STRUCTURAL GEOLOGY

bThe struciures of the East Main Ranges. of the Rocky
Mountains arel-dominated by thrust Laglté which dip to' the
southvest, éurve gentiy cencdvely upward and flatten out
vit depth; ' Thrusts generally follow the sedimentary
layering of the rock or cut ‘up steeply fhrough “the more

competent layers. The'thtuét plateé are generally’thick and -
flaﬁ but may in some areas be very gently folded (Prlce ahdc

Mouhtjoy, 1970). Figure 2—& 1llustrates a secflon expanded.

_from Price and Mountjoy showing this type of gross strd;ture

in the v1c1p1ty of Endless Chaln Ridge and Jonas Rldge.
Previous work by Hughes: (1955), '1nd1cated . that the

quartziten cohétituting Endless Chain Ridge and Jonas Ridge. -

had been thrust into. p051t10n as a sxngle block which hed

'-not sustalned any apprec1able 1nterna% deformatlon. Flgure .

2~ 6;111ustrates the results of detalled ma pping 1n the area
of donas Creek.

‘ In order to supplement the information derived from
ﬂughes and others, detalled mapplng was undertaken over the
sllde areas on Jonas Rldge. The fallure planes of the two
well’defined_slides-were separated by a . large mass of~ rock
which has remained stable. The unfailed ﬁa;s outiined on'
Plate 2-1 is of theé same order of magnitude in volume‘as ti
masses.involeed in the twoineighbbﬁring slides(Tagfe  2*4),

-

‘The presence of this mass between the two slides appe~

anomalous -as there are no apparent changes of 1lithology UQ‘,w\
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A

structure ~which would have caused a change in slope

stability.

The failure surface of the northuslidé-.consists of‘ a
series of parallel bedding surfaces which stepped up through
the stratigraphic section as the failure surface increases
in elevation. F@gure 2-7 is a .stereonet illuStraéing the
average beddiﬂg orientations, Nearrverticalnjoiﬁts strikidg

C _ ‘
pardilel to the bedding strike, but not perpendicular to the.

bedding dip, constitutes, the front face of each step. plate

2-3 iilustrates one of these steps. A structural geology map

of the failure surfaces showing station locations and

bedding and joiﬁt orientations is shown in Figure 2-8.

Ihe'scarp of the South Slide and the lateral margins of

both slides are well»defihed by steep joints continuous oyer

AN

sevéral meters. Approximately 100 joint orientations were
measured - 6ver-the mapped area. The resultsvbf this mapping;
illustrated on structural diagrams. in F;gure 2-9 indicates
that the ‘jbints beloﬁ§ to two otthogonal joint sets with
strikes close to 400 and 135° . The dips range from 665 tg
the northeast "to 70° ° to the southvest for'the‘northiest-'
ébutheast strikid@ joiﬁts. The joint.set striking northeast-

soutpwest'héd dips varying from 85° northwest through 902 to

_ 859 southeast. The strikes of these joint sets coincide’ very

closely with the strikes'of System 1 joint sets defined by

Babcock (1974) in Central Alberta.

Babcock 'hypothe§ized that these joints were formed by

horizontal stresses imposed by the Laramide Orogeny. However
. ’ \
a \
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the joints defined bf Babcock were perpendicular to the flat
1ying bedding of the prairies. The joints found at Jonas
Creek were not perpendicular; “to bedding. As ' a
result,although superposition df the System 1 Joint set
strike implies that the Jonas Creek 'joints are sipildr in’
tectonic origin to the Systemé1 sets, the fact that the beds
'aré ﬁot perpendicular to’bedding implies that fhe,jo;nts at
Jonas greek due to the inflggnce,of'a locél'stress regime,
may hot\completely réflect the same regional stresses. found
by Babcock. ' 7 |

Currie and Reik (1977) while studying the joint pattern
around a fofd in the hoc@y Moqntain Foothills found that one
steeply dipping fqld lim5 h;d ﬁbint sets which departeq from
being normal to bedding by 20° to '50°. They concluded fronm
their stﬁdiés that  the existence of this joint set
origntatibn is a normal accoapanimeﬁt-to the ddvanced stages
of deformation in ;dld limbs. They also reported that this
phenomenqn has -been recorded. by Steérns (1967) and Ffiedmaﬁ
and Stearns (1971) in iess deformed pedding with dips of
less fha£ 30°. It Qould appear then that one béésible“’cause'
of,,the’.jéihf sets at jonas Creek are the result of the

combination of stresses inposed by the Laramide Orogeny with
v%riatidnsvin dip orientationsyﬁmposed'by the foriatidn of
local folds. Joints‘ may alsb érise from the éffects of
glacial action, erosion and seismicity.

The joint spacing at Jonaé Creek _varied from ‘'several,

centimeters to several meters and was responsible for
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‘controlling the dimenslons of the debris blocks. The mean
joint spacing recorded was 0.65 m. Plate 2-4 illustrates rﬁe
variations in joint spacing which are found over very/short
\;*juffanes'" ,.

| Contrary tof’Hughes findings (f955) the block d of

.quartzite which constitutes Jonas Ridge has been folded. A
fold with a radius of eurvature of 2.4 km is present near
the upper half of the ridge. Thﬁ/presence of the fold was

dlscovered by the use of a dip isogdn map. The average d4ips

' of all the bedding surfaces recorded were plotted on a map
of the slide area and three dlstlnct 50 bands were defined.
The map in igure '2-8 ilustrates how the bedding dip
increases fronm a‘minimum dlp of\28° near the bottom of the
exposed failure surface togﬂg/max1mum recorded dip of 39°
near the scarp. The location of thls gentle fold explained
why the fallure surface has dayllghted so high up the dip
slope of the valley wall. |

Reconnaissance mapplng of Jonas Ridge south of the rock
sllde revealed a similar trend in bedding orientations near

the top of the slope. This trend was not reported by Hughes
(1955) . | -
The fold was apparently“ formed by the buckling of

o

individual layers which ﬁifpped past each other. This often
leadsyto the formation o

slickenslides and 1lineationmns.
However, only -one small polished and slickensided area,
about 10 m square, was present on one part of ha, bedding

plane on the north fallure surface (Figure 2-8) The striae



plhnge of 28° (Figufé 2-7) .The 1lineation trends vere

20

on the polished block had an average trend of 224° and

parallel to the bedding dip direction -and were both parallel
and perpendicular to the strikes of-the previously defined
joint sets. One éthef lafger area of slickensides (20 m x 30
m) was found in _the debris below the failu?e plaﬁé. This
block however was not in sSitu and so orientations were of
lit@kg use. ’ ' | 1

A stereonet illustrating the interrelationships of the
AN g

“structural elements is shown in Figure 2-7. The combination

of the fold stfiae parallel to dip, the orthogonal joint.

\

sets - striking parallel and perpeﬂdicular to the dip

<

directién and the approximate fold axis perpendicular to dip

direction, indicates that this.surface underwent deformation

. . | .
due to flexural slip folding (Ramsay, 1967) .

The influence of the flexural slipbsurface is.probably
not large as only small areas of slickensides vere found.
The weathering resistance of quartzite coupled iith-thé:fact
that the slide .is 8§ + 4 ye;rs oid.(Section 2-1), implies
that weathering would not have renmoved .exposed areas of

slickensides. It would appear that 1little deformation

occﬁrred between la§efs_énd so the flexgfg1‘“§Iipﬁ\{nunzugixﬁ\‘\_\
infiﬂénce ~on slope - stability is miniméIf\hTﬁEf&mounL‘gg;\\_\_\
flexural slip i§ a function of the'curvéture of the folds

which in fhis case was very small. This again implies t&&g_,

the area of'thé.failure surface which underwent flexutal

slip was probably small.
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; 1f slickensldgp had been present prior to failure, but
B y ,

had been removed by crushing during failure, then the

¢

. presence of slickensides is irrelevant. However, the
- {

|
compressive strength cf this rock, couple? with the known

normal load% applied along this faiiuggjsu;face, make this
‘ . . T

possibility u%likely. Only if sliding o%currea>~alpng the

} 2

smooth ‘slickénsided surface without cauéing surface damag?*\\\\

would the presence  of slickensides 1influence © slope,
stability. This possibility is further di%cussed in Chapter
7 when dealing with tﬁe back anaiysis. i

in addition to\the iarge scale fold ﬁound by dip isogdn
mapping, a serieé of smﬂff//amplitude foids"with axes at
right angles to the largé fold axis weregfound on fhe north
slide failure surface. These éymmetrical’ folds have,

wavelengfhs of approximately 200 feet, interlimb angles of

’ [ R
176°ftd 178° and amplitudes ranging fromhp.S m to 1.0 m. The

ﬁoldéfwere discovered using a new technique evaluated by

Rams@en (1977) . This technique is outlined in Appendix A-1.

The folds are perbendicular to the overall'bedding strike -

and hence did not alter the down \dip roughnesses on the

N

failure surface. As a result these folds played no part in

the overall slope stability. Their presence implies that the

___orientation and the orientation—of the folded failure

regional —stress ~distribution, - inferred from the joint

4

surface, was more cémplicated than originally surmised.

The flexural slip fold has occurred within a fault

block +that has been bbgily tilted to an average inclination
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of 30-35°. Two major thrust faults mapped by r’Hughes .(1§55)
and Prige and Mountjoy (1970) running pafallel to bedding on
both sides of Endless Chain Ridge and Jonas Ridge, are
primarily responsible for this co&ﬁiguratlon. The faults are
outlined on Figure 2-4. The courses of the Sunwapta River .
and Poboktan Creek appear to be structurally controlled by
these faults. The gap Letween Endless Chain Ridge and the
southern extensién upon which the slides are located, may be

b

‘wthe reflection of a tear fault associated with these two
ﬁ;jgfhthrﬁ§t57‘?hiskgapw§g£g§ﬂ;pe north margin of the north
fock siide. No othef structural control of the rock slide by
large scale faulting was observed. It would therefore appear
that no slippage 'took place within the fault block’ other
than that associated with the flexural slip deformation. It
is dquite possible therefore to have‘bedding surfaces, along
which there has been no significant previous movement,
tilted into position along deep thrust faults. The
representativé friction values within these beds should be
equivalent to peak fricti;ﬁ angles.

The site of the two major rock siidé;_being studied is
the only area’ a;ong the Endless Chain’ Ridgg or its'
continuation, whefe_ a major rock slide has téken place.
Coincidentally, this area is the only area along the ridge
where the bedding dips dirgctly info the valley and beddigpg
strike is parallel to the valley wall. In .all: other
locations the strike of fhe valley wally taken from NTS map

é3C/6, is rotated 20° away from the bedding strike (Figure

P
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2-6). The ‘Strike of thé ridge in the vicinity of the slide

is 1350; Téé st;ikg of the ridge’ to @#e north}est and

; southeast of the slide area is 115°9. The average-be@ding
strike at Jonas Creek is 135°. The bedding strikes re grdegé/ -
by Hughes (1955) alongrgndlesé Chaiﬁ3Riagé t0'the’ orth aha

Jonas Bidge to the south also have an average gtrike of
appfoximately 1350. This has two effects. The'dif}erence of
20° between thepbedding and the.trend of the va;ley wall is
enoug¢h to lower the apparent dip of theibeddipg into the
vailey by'about>243° (Figure 2-10). On aw'marginallj; stable
e slope this decreasé in the dipvof the potential fqilﬁre
surface can bé importanf. More significiétly houever,; due
to the; non~paralleiism of the vallé& with the beddiné

directions, no single ‘bedding surface ~daylights near the

» 7 3

bottom.of the valley. As a result any biocks which do becone
mobile and try to move down dip run into other be@diﬁg
— planes which qré not_daylighted and which - theréfore éannot
fail. Ag;é result only minor failures of single loose blocks
can occur. This éllows talus cones fo builé ﬁp at the base
of the slopeé but does not allow major‘failures to:occur.

»

1

2-7 §UMMARY - : .

- The two rock slides at Jonas Creek occurred within
0.18 km of each other between 85 and 93 yéars ago. The
slides are separated by an unfailed partA of Jonas Ridge

approximatély equal in volume to each of the failed masses.
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'slldes and the backéstarp of the south slide.

Fallure . has ‘occwerred along several gently curved
beddlng surfaces dlscontlnultles all of whlch are contained

within the»LOWer Cambrlan Gog'Group Quart21tes. The bedding

dlSCODtthltleS have dlps which vary from 2809 to 39° and

N

"Vhlch have ‘an average strlke of 1350, The failure didfnot “

. /: . O }
occur along tectonlcally produced 'structures _-such as

flexural slip surfaces or faults. The fallure surface of the
north ;sllde stepped up through the bedding as e}evat10n4

increased. The south slide failure'surface\vas obscured by,

debris. - Near vertical 'joints; which are parallel an
gerpendicular to strike’formc the iateral scarps - of vbothf
| Failure has ag arently occurred at th1s iocatlon due to
the spatial coincidence of.‘the beddlng surfaces and thev'
trend of the’vallej wall. Elseﬁhere ‘along rhe ridge} the
valley wall degiates from the.} bedding  strike by
apororimarelyﬂZOb and has thus decreased the potential for a

-

large slide.



TABLE 2-1 “

Physical dimensions of the Jonas Creek sSlides And Failure

. / *
= Surfaces.

vertical horizontal.

slide width length travel ~ travel®  volume
north  0.37km  0.37km 0.88km 3.25km 2.1 x 106m3
V .
south 0.37km- 0.61m 0.92km  2.50kn 4.5 x 106m3
unfail®d )
mass  0.18km  0.61km =-=----- I 2.1 x 10603

A%
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FIGURE 2-4 Structural Geoiogy Map Of Part Of*The Main Ranges.

(Modified After Price And Mount joy, 1970).
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FIGURE ¢Z-5 Jonah Creek Strutlgraphlc Co;umn( Modlfled
After Cook, .L975 and Hughes 1955) .
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FIGURE 2-9 Poles To The Joints Founa at Jones _Creek.
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FIGURE .-10
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PIATE 2-1 Air Photo Of The JQnaS Creek Slide Area Showing

Debris Outlines And Thicknesseé.
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PLATE 2-2 Air Photo Pair Showing Jonas Creek Slide Areas

With Wewlike Surface Of The Debris.
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Photogra‘ph‘:f Of The Failure S:fface At Jonas Creek
Showing Large Scale Cross ',ZBeddi‘ng.

. N
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PLATE 2-4 Phgtograph Of The North Failure Plane
SHéw}ng The Vgrtical Joints Which

o Ay v .
4 Qqcurred‘ﬁetween Beds.
, . , . v
R JESS B @t -
5 5’ - » =
8
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‘ PLATE 2-5 Photograph Showing Variation In Joint’
T Spacing On The North Slide.
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CHAPTER III.

The Geology Of The

Hhrtehorse Creek Slide Area

summarizes the geologic investigations
carried “out on a rock slide “and a rock slide scar.agf
Whitehorse Creek. These two rock slides have occurred beside

‘ Y | -
each other in the Rocky Mountain Foothills near the town of

Cadomin. Both{slides arefpréhistoric in age.’ L -

2

The older of the two slides no longer has any debtis
;u o

,left on the valley bottom. -However, the presence of a steep

‘back scarp ‘and south lateral scarp along glth a well exposed

fallure surface leave little doubt that a 'slide had occunﬁed

here. The absence of debris, possibly removed by glaciers or

“ flowing water, indicates the great age of the slide. Long

periods of weathering may have altered the surface roughness

along the failure plahe and hence the roughness originally

. acting at the time of failure. For these reasons the failure

surface.was not examined in detail.

The . younger slide surface seemed relatlvely fresh. The

' debrls overlles the tlll which indicates that the slide is

e S :
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, poSt .glacial’ in age. As a result, most of the mappinggwas
concentrated on and around the younger slide exposure.

The stratigraphy at Whlpehorse Creek has been vell
defined by pﬂevious author but very llttle vork has been
done with respect to the strugtural and surficial geology of
the areag As a result, detailed mappiug of the youngerl of

‘the two slides was conducted during the summers of 1976 and

1977 to}supplement th available ’ published information of

evaluations of slope stability.

\

the area and to alloj

'3-2 LOCATION AND ACCESS
| : <.

The Whitehdrse ZCreek rock slides are situated on the
eastern flanks of the Rocky Mountain Foothllls about '5 kn
south of the- town of.Cadomln.AThe coordlnates of the rock
slide are 1170 .23 W longitude .and 530 00! " latitude
(Figure 3-1). The slldes have occurred on a ?oukhwest facing
valley wall. above an unnaned creek whlch entens Whi tehorse
Creek, a trlbutary of the MclLeod Rlver.. Elevations iu‘ the
v101n1ty of the 'slldes Vary from approximately 1800 m ASL
near the toe of the exlstlng sllde debris. to 2300 m ASL near
the west of the rldge behlnd the younger sllde.

*fhe slide area can be reached by car from the town of
Edson, Alberta via Highway 47, a secondary gravel road which
leads to Cadomln. Access can also be gained by: nghway uo,_

\\partially paved +two . lane access road -which goes from the

\ -
/

/
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town of Hinton, straight south to Cadomin. A * forestry road

‘continues south. of Cadomin over the bridge at Whitehorse

Creek. From this point an abandoned gravel guarry road gives

final access to the rock slide area. -

3-3 PREVIOUS HORK

The bedrock geology of the Whitehorse Creek area was

originally mapped by B.R. MacKay in 1929. MacKay mapped the

structural features and stratigraphic reiationships of the

" Cadomin and Mountain Park map sheets (NTS No. 83C/14‘a56:iV

'83T/3)..The Whitehorse Creek slide lies  in the niddle of

i

‘this_ area. No report was published to accompany this map.

Further studies of the nississippian stratigtaphf.infsimilar
Structu:alienvironnents in the foothills south and west of
cadomin have been  conducted by: several bauthors and
summarized'by‘noore (1958’ andbmécauley et. al. (i966[. ‘
: Mgsggeen.(1966) studied the Mississippian stratigraphy
of the Cadomin area in detail and correlated this cyclic.
stratigraphy’ with changing ~ depositional \ environments.
Macéueen's\'report describesn in detail the rock formations
outcropping inﬁthe HacLeod Rivegsvalley.z.é km south eest of
the rock siides,(Figure 3-1) . |
The.si;gqtural geo}ogy of the area has not previously

been mappe&; in detail but a reconnaissance mep‘of the

i

general stratigraphy and structure of the Rocky Mountains
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g}epared by Price dnd Meuntjoy (1970) as part of the GSC
/bperation Bow-Athabasca, encompasses the Whitehorse Greek
slide area.

Reconhaissance maps of the‘ surficial geoloéj of\the
foothills area north of 520 latltude Here brepared on *a
1:50,000  scale by Bayrock and Relmchen (1975) Ne previous
surficial maps had been made of the area. The study areas
investigated by they-respectlve authors are 'odtlined in

vrgdure 3-1.

3-4 SURFICIAL GEOLOGY

. The surf1c1ai geology of the Wﬁitehorse - Creek slide<
area was flrst mapped by Bayrock and Relmchen (1975) as part
of a reconnalssance_ programme to evaluate the erosion

potential of surficial_ materials in the Rocky Hountaih

-
» d F

Fo;:Eiiig\\ferth of 530 1at1tude..The rock slide area ‘under
1nvestlgatlon\was recognlzed as such by Bayrock and Relmchen
and is located in ;Ha\uﬂljf?tre of the map.

‘ Bayrock and Reimchen 1nd1cg&g;zfif;ffeuifitehorse Creek
Valley walls,,adjaceni to the valley in which the slides
occurred, " are covered with cla551cal Wiscdnsin age tiils.uh
poorly*deflned U shaped valley profile. (Figure 3- 2) suggestg
this interpretation. The bottom‘of the valley , ‘within the
banks of vthe ‘creek, is cove;edéﬁwith alluvium.,Thé-area"

surrounding the rock slldes ‘has been nagiged as . colluvium

. W t

' . - \\
. S vy

. N -



45

e

with ho dentlon of till. -/

Fleld- mapping around//the perlphery of the slides has

\
revealed the presencerf‘ andy till on the 51des of the

\

unnamed creek valleyt;éside,the debris. The areal 1imits of

this till sheet were not mapped but it would, seen reasonable

\

to suggest that tHis till was equivalent to one of. tho e/

mapped by Bayrock and _Reihchen less than 500 m aw . The

till fdund ‘this ralley consists of large bo ers, sand
and silt/ nd ranges\in thicknéss from 2;4é’m. The surficial
geology of the area Eurroundlng the sllde is summarized in
Fig »“?131ﬁ The' locatlons of/igzazlll outcrops mapped are
also shown in Flgure 3-3, “
Allu§iql déposits have forred in the Cpatgr course of
the .unnamed'-creek which flows below the debris of the
fyounger slide. Doﬁnstraap’of.the debris the creek qonréé is
biery narrow and steep. Lensés of gravéli} alluvium varying
from 0-0.1 m tthk and coverlng areas up to, 0 3 m2, can be
\found  in thlS valley coverlng the bedrock. Upstream of the
debris a large flat area.of alluvium covering the width .of
the valley floar, thch\appears to be recently fprmed fine
grained sedimentary dépos}ts, 'conceals t he créek. .This "~
dep051t probably formed when the debris from the yaunger
~slide filled the valley. The creek now flows underground andJ
exits in the form of a spring southeast of the debris.
_ TheAdebris from the younger slide varies from bloaks

10 m2 b§ 8 m thick to sand size particles (Plate 3-1). All

of 'the debris visible wvas identified as dolomite of the

~



Turnef Valley Formation. The debris moved approximékely,o.a
km ho%izéptally and about 0.33 km ve;tically measurgd from
the top of the: scarp to the toe qf'the debris. The total
volume of the slide mass‘wés épprOximately 2.3 x 106 m3,
Table 3-1 summarizes the physicgl»dimensions of the slide.
The .centre of the debris is.approximqtely 35.0 m thick

and thins graddally on all edges. Thicknesses were estimated

N .
from a topographic map of the slide area' constructed on a-

1:4,800 scale. The outline of the debris is tear. drop

shaped. TH% leading edge of the debris has crossed the path.

of the unﬁamed creek and pushed against the valley vall

opposite the rock slide cauSing'the debris to pile up. The

mardins of the debris are not well defined. The blocks are

.scattered over a distance of 10-15 m in all directions and

vary in places from small piles of debris which have

gathered on the outside debris margin to large biocks

isolated from the main body of the slid méss. No debris from

 the/o1der slide remains in the area.

The outcrops of bedroék\ in the area adjacent to the

slide have been mapped in’ detail ﬂéhd ~are discussed in
Section 3-6. The remaining areas ‘have been mapped as
. 3 v

colluvium following the example of - Bayrock and Reimchen

(1975) .

46
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3-5 STRATIGRAPHY

. L e
The bedrock stratigraphy around the Whitehorse Creek

area Qas first defined on a large scale by MacKay (1929) . He
identified the bed;ock underlying the ridge from which the
~slide occurred as Hississippian Rundle.Group limestones. The
Rundle .Group' has. éince been subdivided into several
Formationmns. |

In Southern Alberta the Lifingstone and Mount Head
formations make up the Rundle Group while in the foothills
of Central Alberta the equivalent sequence is divided <into

)

the Pekisko, Shunda, Tufner Valley and Mount Heéd Formations
(Moore, 1958 And Macauley et.al., 1966). The detailed
stratigraphy of theACadomin area was nmapped by Macbueen
(1966) énd a type section along a railway cut in the Macleod
River -Valley was (defingd. The‘location of this section is
sh;wn on Figure 3-~1. The rock formations were visually
extrapolated- from the type Séction across the Macleod Rivér
to thé end of the uhnamed Fidge which extends sodthwes£ from
the rock slides. Froﬁ here the formation contacts were
worked out on the ground along the ridge and used to define
the stratigraphy of the slides.
The fPIlowing lithologic descriptions of the various

forméiions are ﬁodified afte; MacQueen (1966) .

: Three formations 6utcrop on the ridge in the vicinity.,
of the rock slide‘ studf area. The stratigraphic column

pertaiﬁing to these 1is shown in Figure 3-4. The oldest

L &
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formation recognized in the area, the Shunda Formation, has

been informally divided into 4 units in the Cadomin area by

MaoQueen.wThe Shunda Formation outcrops on the steep slope
northwest of the younger slide. The upper unit of this
formation is the only‘one of any consequence, however, as it
lies directly below the failure .surface of the younger
slide7 The Upper Shunda unit consiste of about 3 m to S m of
easily recognizahle fine grained to very fine grained brbah
weathering dolomite. The topvor this unit is defined by the

first appearance of massively bedded (greater'than‘10 cm

thick) brown weathering crystalllne dolonites of the. . Turner

Valley Formation. \
The 34 m thick Turner Valley Formation has been

subdivided by MacQueen lnto two units separated b§ a 6

thick bed of fine grained crystalline\ duiomite which

contains up to 20% chert bands, chert nodules nd silicified

brachiopods. The Lower‘?urner Valley (16 m thick) and the

Upper Turner Valley (12 m thick) are very similar in nature

and can not be distinguished on the basis of 1lithology. .

MacQueen describes the whole formation as a fine to medium
~crystalline, brown weathering dolomite. The unit is ' porous

resistant. Syringopora tabulate corals may be found in

the low. part of the formation and were found at many of
the stations on.the younger'slide surface. The upper part of
the formation is less porous than the lower oart anq shows
traces of cross bedd1ng.‘ The top of the Turner Valley

Formation, as deflned by MacQueen, is placed at the base of
{

k!
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a weathered zone of brecciated microcrystalline dolomite.
According to MacQueen, the Mount;Head %ofmat;on‘in the
Cadomin area consists of 60 m of unfossiliferous
predominantly microcrystalline to fine crystalline dolbmites
"with local interbeds of green dolomitic mudstones. Some of

[

the beds exhibit irreqular hummocky surfﬁées with well
developed mud\éracks. “The Mount Head Formation outcroés
above the sllde area on a flatter part of the slope and was
not involved in the slope falldte. |

Field mapping in the vicinity of the failure planes
established that the older slide slid along the 6 m thick"
" marker bed dividing the Turner Valley Formation into two
units. The failure plane of this slide is well exposed in
" most places. The back séarp and the easéern laieral margin
of the older .slide consist of the upper half of theiTufner
Valley Formation. The failure plane of the youﬁger slide waf

located within the lower part of the Turmner Valley Formation

just above the Shunda Formation contact. The back'scarp (was

apprbximately 30 m to 35m high amnd con51sts of'”&he

; remaining thickness of Turner Valley Formatlon.4~,

on an air photograph in Plate .3- 2¢ Thls
‘Gover#ment of Alberta photo # AS1266—3“—2H&

‘1:21,000.

3-6 STREUCTURAL GEOLOGY
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The study area at HhitePorse Creek lies witﬁin the
eastern half of the struc{ural‘ subprovince of the Rocky
Mountalns known as the Front Ranges.' structure in ‘this
province is domlnated by thick relatively flat thrust plates
that have been gently deformed into broad open folds. The

rocks consist of a thick sequence of competent carbonates

 Upper Paleozoic in age (Price and Mount joy, 1970). Figure 3-

7 is a reproduction of the part of the structural geology
map compiled by ‘Price and Mountjoy for Operation Bow-
Athabasca. \This map “i¥lustrates how the Mississippian rocks
at Cadomin ﬁave been thrust‘ up into position along the
Bigh&rn Thrust Fault. No other reports dealing with the
structuralegeology of this area were available.

In order to supplement this dinformation on a seale
small enough to be of use in a rock slope back analysis,
detailed stfuctqral mapping of they bedrock "around the
failure surf;ce was carried out. The results are summarized
in Figare 3-6. Both slide surfaces and scarps -were mapped

but the majority of the statiops were lgcated on and around
- . . ‘", “fh .

the younger failure surface.“

The fallure surfaces of both slldes\ consisted of a
series of parallel beddlng planes which step up through the
Tithologic section as the failure surface increases 1in

elevation. The steps varied from 12 cm to 30 cm high and in

N 1 ey
* most cases are formed.by joints which run obliquely down the

bedding surface. Plate'3-3-is an example‘of one such bedding

surface found near the southeast margin of the younger rock

-

¢
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The average orientations of the bedding surfaces at

o

eaoh'of 48 stations, based on - 15 individual readings per

station, vere plotted on a.stereonet and the ‘average bedding

uplahe ‘was establlshed Hlth a dip dlrectlon and d1p of 206°
and\\0° (Flgure 3 7) - There were no large scale' varlatlons\
in orlentatlon on the failure surface. Beddlng Pplanes near

" the failure surface varied in thickness from 0.2 m to 0.6 m-

and ayeraged, 0.3 m. MacQueen noted the presence of large

. scale cross bedding . vlthln the upper part of 'the Turner

®s

Lo 7(/
Valley Formation. Cross bedding with an amplitude of about

0.30 m and dips varying from 38° to 20° were found in one
location .on the eastern margin of the ancient slide. This
location was on the south west margin of the older  slide

near'the top of the Turner Valley Formation (Figure 3-6). No

cross beddlng vas readlly v151b1é;hear the fallure surfaces

of elther sllde.
' Beddlng orlentations wvere also taken at 7 stations on

bedrock ' outcrops on the pnfailed portion of the ridge above

S

the back scarqé of both slides. The average bedding dip in

- this 1ocat102/ decreased to approx1mately 200 although the

dip d;rectlon are almost the same, 202° as opposed to 2069,

(Flgure 378). There vas no surface expression of a fault or

a tlght‘fold in the v1c1n1ty of the rock sllde scarps which

uould;explaln the variation in attitudes. However on the
.. -

Losis of bedding orientations a hypothetical fold axis with

a trend of 112° to 116° and a plunge of 0° was defined and

3

s
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marked .on Figure 3-6. This fold, which has an axis parallel

»%o bedding may be the result of thrust faulting which ‘moved
the‘bedding to itsipresent-location.

A small tight fcld was observef# the surface of the?

4

younger slide near tﬁe’:northwestf; _ ;er> of the failure

surface 150 m below the’ back scarp(Flgure 3 6) . The fold -
/
could ‘be traced 150 n -along strlke before it dled out. The

beds 1nrplved in the fold were only 2 m thick as neasured in
the st eply dipping limb. The centre of the fold was hollow
and the fold actually con51sted of a series of flat beddlng :
.. surfaces which had buckled at several dlscrete p01nts. The
i&thin  skin - nature of the fold leplled that‘ it‘ wvas a
superficiql. gr;;ity structure probably related to rnterbed
slip which occurred during or following tte slope fallure.

-

The fold -‘axis defined from %Be bedding had a trend of 120°
and a plunge of 0° (Fiéure.3—9) This axis was parallel to
the bedding strike as would be expected 'in a fold controlled
by 1qterbed Sllp.' ’

Near 'vertlcal 4orthogonal_j0int sets form the Vertlcal
elements of botﬁ beck and side scerps (Plate 3—&). The'poles
to 75'joiqte iere plotted on a stereonet and the average
joint, strikes of ué; and 148° were defined‘(Figure 3-10).
These jointe forp e croesiﬁg patterncon the slope surface
which has controlled the orientation of the‘back scarps of
both slides. The relationship between the scarps and the
joint orlentatlon lS shown 1n‘Flgure 3- 6.

¢

The strikes of the’ ﬂ01nt sets are vpry similar to those
i . . : ] [ vl N

T ' ‘ “é [ 3 i
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o

defined at Jonas Creek (uoo and 135° ,JSectionf2-6)'énd to .

those defined as System 1 j01nts (5§§w 1u00) which Babcock

(137ﬂ) -hypothe51zed as belng the result of the Laramlde
Orogeny" Slmllar to Jonas Creek, the d;;g of boeth j01nt sets
- vary from 5° to 100 on% either side of vertlcal and ash such‘
neither setlls perpendlcular to beddlng. Again followlng the

N

argument of Frledman and Stearns ‘1971), outllned in sectlom
N : -

,J |
2-6, it would appear that the Jjoint . orlentatloas at .

Whitehorse Creek are the result 3f the {interrelatlonship
between reglonal and local stresses imposed ‘dmring
J deformation. Joint spacing varled from 0.2 m to 3. 0 m with

an average spacing close to 0.6 m. -

v

There .waS' no: ev1dence of faulting or flexural slip

s

foldim g taden ‘place along the failure surfaces of
either slide altho gh o€:er evidence of thrust faulting and
~ )

foldlng could be observed in the mountains around the slide

area. However, the . northwest corner of the younger sllde,

T

mh ch apparently was dayllghted prior to fallure and which

-y

is now marked by a steep scarp, may reflect the presence of

L]

a~transverse structnral element Suchgae

5 .o~

I.normal‘fault. ; é{;{r/?*x ‘ij",. e
.~ The block of Mississippidn™rocks forming the unnamed

(88
ridge which failed i® cverlain by Triassic sandstones "and

shales which are exposed in the bottom‘of'the unnamed creek
valley southwest of the slldes. These beds range gin
thickness from 0.1 m to 0.3 m thlck and are heavily jointed

with joint spacing which generally equals’ the bed

a tear fault or a.

e

-




_cracks present. = (Plate 3-5). Thefef‘are no major slides

A

“%Point D,, Plate 3-5). The heddlng at this location had an

thicknesses. 4 . -
B

The unnamed ridge which trends: NW-SE is covered by

loose. colluviunm, with\ large unstable blocks and tension

jhowever along the rldge southeast of the study,.area.‘\The

reason for thls is probably twofold?

1) During the ‘early stages of the investigation, when
the stratigraphy‘was being-traced from the type section to

the rog% slide area, a series of ?edding_orientations were'

recorded close to the southwest end  of the,yunnamed ridge

'result‘ the slope was much ‘more stable\at thlS locatlon. The

|

iaverage dip direction of-18é° and a dip of- 150 andi'as a

ioose blocks and tens1on cracks whlch appear to be - quité‘

‘old, could  Dbe llnked wlth postglacial perlglaC1al
enylronments causing downslope creep Or heav1ng 'of joxnt
blocks (Washburn, 1973). The photograph used by Washburn to’
111ustrate these processes Strongly resemblesv the . surface

topography found near locatlons B and C on Plate 3-5.

i) The part of the. rldge southeast of the slldes whléh

has not falled does not have, the Turner Valley Formatlon—”
dayllghted at the valley waﬁl bottom. Below the area which L

dld fail a small creek probably removed the toe wsupport _ofkff

£

Turner Valley Formatlon 1%§t13&1ng the older slide. However

at polnt A on ‘Plate 3 5, thef‘unnamed creek whlch was

the end of the“'rldge dayrlghtlng the mlddle zone of the )

trendlng parallel to the beddlng on the rldge cuts,vto‘ the.ff'

L

T

5
'\rﬁ.



. has again. heen avoided.

,foldingﬁiled to sllcken51ded failure surfaces. The back d@d

lthe fallure planes. C e

. 55

4§od¢h into the Triassic Sandstones. so underdeatﬁwthe.older
sllde, the Lover Turner Valley is probably. not ‘doylighted
.and hence failure v1th1n this unlt has not occurred. The toe
support along\\the.'rest of the ridge has not been removed

either‘by-thevuhnamed creek or Whitehorse Creek and so

,féilurel has not occurred. At the southeast end of the‘ridge

« ,’ ’ i’

‘where Whitehorse Creek has .exposed the Turner Valley

Formation the,.heddlng dip is much lower and hence failure

\

)

3-7 SUHM gw\l
A’\Lr‘j ' . - ’ !
(&_(9. ) . . ’

: o A : , ‘ . -
)The'tHO'roch slldes at Whitehorse Creek have occurred

i

-~ on. two- separate failure planes within the Mississippian

R

| Tdrner'Valley‘ Formation. Thef failure surfaces are both

planar and',both’ step' up through bedding as elevations
increasé. Ih?re is no’ visible evidence that faultihg or,

eV

lateral scarps are zformed by mnear vertlcal joints  with-

L ' ' i '\\.

_strlkes _df' u6° and  148° . An open fold has Dbeen
. hypothetlcally mapped behlnd the failure scarp. North of

'thlS fold» hlnge the beddlng dlps 70 less than the bedding

nvolved in the fallure.' 1s decrease of 10°' accounts for

tﬁ%;,stablllty of the rock slope above and to the north of
4



TABLE 4-1"" |

'Physical Dimensions of the Khi

failure surfaces.

. _
= | ' vertical horizontal
'S;id; width 1§n§th travel travel volume
f
older  0.28km 0.38km  -=--- L mememm  mmmee

|

P o
0.40kn 0.38km  0.31km

younger
“(
f(
s o ':,:'Hif_—hl
N ’ .
- [
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PREVIOUS ‘WORK ,
APPROX. AREA NEAR SLIDE
| MACKAY, 1929 , ‘
MOORE & MACAULEY
PRICE & MOUNTJOY ,
BAYROCK & REIMCHEN
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FIGURE 3-1 Location ,Mop",F;é%;%B;tehor;é ‘Creek.
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FIGURE 5-< Vailey Profile Adj.cent To thtehorée Creek
' Iliuctrating U Profile. (Section Line On Figure 5-1)
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BEDROCK \ R

DEBRIS
N

> COLLUVIUM : v : -1

X TILL OUTCROP
ALLUVIUM

.
\
z

COLLUVIUM

y FIGURE :-3 A Surficial Geology Map Of THe'Area Surrounding‘The,ﬁgw ,

Whitehorse Creek Slide Are (Modified after Bayrock @ %
and Reimchen, 1975). : ‘
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FORMATIONS —l :
. + / + 3 . '
5M ~
MOUNT HEAD r 7 |\t zz VERY FINE GRAIN . .
: : c 5 , - DOLOMITE S
5 M .
‘ . S — MEDIUM GRAIN
UPPER e 12 M L+ DOLOMITE
~ TURNER VALLEY 1. |
- — + # CHERT
: 6 M
CH.ERT B'ED\S _ ) < COVERED
LOWER » :
TURNER VALLEY L le M
— e .Ji_
UPPER SHUNDA S — |+ M
Sy T ) > 1M
’ _ G 7 7 ’EM
'JFIGURE 54 Stratigraphic Column Of whitehorse Creek Areé i N

( Modified after M..cQueen, 1975).
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UPPER CRETACEOUS TRIASSIC ' ’
. = : | JURASSIC ,‘ .
= *UPPER JURASSIC ["] DEVONIAN MIsSisSIPPIAN o [
LOWER CRETACEOUS PERMO-=PENN. :
: ~—— THRUST FAULT ~—4—— SYNCLINE

P | |
- KM 20

A

.
FIGURE _-;-5,.‘ JS"tr\'Act:urai Geology Of Part Of The Rocky Mountain Foothiils

(After Price And Moun:joy , 1970),
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FIGURE -7 Stereonei Of Poies To Bedding On The Failure Surfuce.
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' At Whitehorse Creek.’

/

e

. Photograph .Iilustrating 'Large Range Of Debris Sizes
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ate  13-2 B'edr";ock-G'eolOgy‘Shown Overlain On An AirPhoto
R _ 0‘f>The Slides At Whitehorse Creek. - v
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PLATE %13 Photograph Of Part Of The Fdilure §urface'At Whitehorse

s .
o

Al

Creek Showing Small Vertiecal Steps.

i
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' PLIATE 3-4 " Photo of 'l‘hé_ Scarp A%‘Whitet}_prse Creek Showing
' ' Vertical Jgits Forming Back And Side Scarps.
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Afx Photo of The The Entire Ridge At Whitehorse Creek.

Note\ The Point A Where The Small Creek Changes
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, N “ A - CHAPTER IV

The Fleld EstlmatloQ‘PE

3
The Topographlc Component of Shear st:ength

<€ ' " 4.1 INTRODUCTION . PR i
, 1B0DUCI] & P

vkﬁ-: e TerZaghl (1962) noted that the stab111ty of rock. slopes

depends upon the shear strengths moblllzed along structural -

Ze _— o e g, n

d;scontxnultles in _a rock ''mass %as opposed to the shear

strength of intact rock maibrialsc Ripley and Lee (1961),

after conducting a series of shear tests on -some

ity

representative natural discontinuities, concluded that the

-

‘peak shear sttengths develGped éiong'these discontinuities
were highly depebdent‘ upen' the .geoﬁetry of the' natural

surfaces. ,

ﬁr o o2 Over the past decade this approach has been analyzed

: - t ‘
shearing resistance along rock discontinuitjes arises from

resistance

/ : .
two separate components; @b, the

m_generated between:tuo'flat'Surfaces;shear d“past each‘otheT
"and the angle i, an.indicator Qf.the ‘toppgraphic ébmpddent
éffshear resietance.‘v | . \ | ,
S ) In 'ad attempt to separa% and quantlfy the Ituo
> R L h . B : \\v/ﬁ\\ _ i n
_ o , : T . "727 ‘ : -(> 3 L ;
. , v _ ,’\ ) .

o

;Qamd éefihed and. it is now. generally acceptgd that the .
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i\ﬁ %;ﬁ%
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@

components of shear resistance,

~

series of shear

tests on plaster specimens with various

Patton

(1966) performed

known topographles. By using flat surfaces with

topographlc component Patton defined gb by the express1on

' T

where T

4 N 8

o0

N tan ﬂb

'

'shear stress

normal stress

Ny

73

a

no visible

4.1

//>“and ]b= the basio friction angle of~the material.

» v

' \
The~ peak -friction angle developed on"a surface wlth a

&

topograﬁhy of regularly inclined teeth (Flgure b 1)

the&é@ﬁ@éionfw

Y

> I
i

,= c + N ‘tan (Ab . + 1)

wher q%? an effectlve cohesion 1ntercept
andf F the angle of 1nc11nat10n of the teeth or

",
L4 ks

: At low’

normal loads, the

upper half of the sample to dilate at an angle i

)dlrect;on of

 origin; At h

over simplified vas benef1c1al,1n

the asperities

shear. aThe resultlng

igh .

|

v
were

D

Eenvelope had a Siope of  (@b+i)

‘stralght

asperltles formlng the geometrlc component.

1nc11ned teeth forced

from

line

‘Vthh- passed through

Qalded

the

‘the

~

Mohr

the

normal loads vhere diiation-did not occur -

effective cohesion . intercept

frlctlon similar | in magnitude

‘sheared through giving’

and a

to" b

rise to

an

nuch lower angle of

(Figure
]

u-1).'

The

resultlng bi-linear law of shear strength although somewhat

behaviour in rock shear tests.

iadanyi

‘and,

Archambeau;t

(1970)

rexplaining -the

realized

that

ohserved

the
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4

_ : : \
shearing through of asperities occurred over a range of
rormal ‘loads .and' that ;\values on a aatural rock eurface
varied with poeition and eéalem~.They concliuded that the
oombinafion of these variables led to a curved Mohr envelope
for ‘real.roci maferials and proposed the folloving equation

©

to represent this;

1-(1-3s) V £ - o

where "N = normal stress, T= shear stress
\ .
n = the ratio bktween cohesion and tensile strength
V = the dilation rate due to shear

As = shear®area ratio, f = average coefficient of
frictian .
j= degree of joint inteildck, n = (n41)1/?f

and  C = uniaxial compre551ve strength.-_,;
| Although &hls equatron may be conceptually cortect it
is very difficult to evaluate'some .of the parameters ehch as
As,V and ,j; It is 1nterest1ng to p01nt out however that in
the case of low~ normal 1oads where. no _shearlng through
oCcors, that ists;h, eQuation~4.3 reduces to equation 4.2.
Ladanyi and Archambeault .(1970), on. the basis of
laboratory experimonts on plaster hodels, defined  the
varlatlon in As and v emplrlcally as

As = 1-(1-N/Nt) exp.k S 4.4 -

and V = {(1-N/Nt) exp.L} tan i . = 4.5



o

15

where K = 4.0 amd L = 1.5, both empirically defined
values, | " >
and Nt =the transition stress definéd as ahe point where
\ L »-thé shear strepgih envelopg for a discontiﬁuity

( | intersects the ?nvelope défined for intact rock.
The graphical reiationshipsl}inking v,kAs and N are shown
in Figure 4-2. |

Hoek and Bray (1977)’$ombined the above equﬁtions Q;BL

4.4 and 4.5, to form the equation;

" ‘, -

N/€(1-NyC)1.5 {(1-N/C)4 tan i + tan @)

1- {(1-N/C) 5.5 tan i’ x tan @) R

. C L _ . |
© Using the empirical values of K and’ratio of T/N . .
: " e A ] S

fﬁ

‘can'now be evaluated knowingfﬁan i and tan #. @

v

A

In the examples shown in Figure %-2, the normal™+stress™”’

varies from 0 to Nt, which is approximatel& 100, mPé, and
variations .in the values of § and i over this range are
noticeable. However for-many'510pe stability'problems N is

. . ’ AN . .
lipnited, often to less than 1500 KPa, and within this range

\

the Mohr envelope can te represented by a straight line and

hence one value of i. The value of 1500 KPa is greater than
twice the value of the maximum normal stress acting “at

either the ' Jonas  Creek or Rhit%yorse,Creek rock-slides.

'Using the empirical eguation (equation 4.5), and assuming

L) .

<+
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values\ of Nt, and i, of 100 mPa and 10° respectively, the

\ .
value o%\d varies less than 1° over the range of normal

——

stresses which may be expected in near\surface workingsk
The practical application of thelsimple ﬂb+i concegt

with respect to slope stabillty has been llmlted to date by

\ N

our inability to evaluate the large scale d values found in

" the field. _Thls thesis is an attempt to renedy, this

situation.

\
4.2 Previous ¥Yechniques Used to Evaluate i \ | ‘ A

" Patton (1966) applied hls biémodal failure theory (5.2)
.to> a series of natural rock slopes located in the Rocky
Mountalns of Canada and the Unlted States. By photographlng
profiles of _natural, slopes, then projecting the profile'
‘photos,Onto a soreen, Patton was able to reproduce the
beddiqg surface profiles/iin the laboratory. He obtained a

measure of; the roughness by averaging the angles of

deviation of small, straight 1line segmgnts from the mean

orientation of the surface proflle. Réprod&Ction of small

|
* i

scale (3m 1long) proflles by thls process is very simple.

However, in places where profiles cannot be obtained, or in -~

&

areas too large to be photographed, this technique is not‘

a

applicable.

Oon the ba51s of the recorded roughness proflles >and a .

PR SN
P R

'gualitative evaluatlon of slope stablllty, Patton Yﬁ% b

- ' 3

- “ . LR
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&%i\kl'ﬁ concluded that there ﬁere three‘scales‘of roughness presenf
on the failure surfaces; first order irregularities with4
vavelengths of 60‘cm and second order irregdlarities with
vavelengths of approximately 6 to 10 cm and third order

jrreqularities with scales less than 1 ca. Figure 4-3 1is a

L]
.

sample profile recorded by Patton showing the‘vam"ous scales!!

recorded along with some of the representatives i angles.

The average i angles measured on the slope proflle for flrs
e

order 1rregular1t1es appeared to be a good estlmate of i ﬁdt
the natural rock slopes investigated. The: sgpcond oav
1rregular1t1es lost their effectiveness when they vwere

sheared through or otherulse overrldden by natural processes

(Deere, Patton et. al. 1967). Patton (1966) did not. report
o on scaleg of roughness greater than first order.

'Patbdh  (1966) suggested that to estimate i where the

Y,

failure plane is not exposed, a representatlve profile could

be measured on a 51m11ar nelghbourlng discontinuity. Thls“

‘hypothe51s has yet to be tested.fﬁ ; ':)~\~
. v
In an effort to evalute i on several different scales

'Rengers (1970) . developed a stereo: .microscopejnoand a
imechanical roughness tracer to record discontlnuity‘surface
proflles‘varying in-lengtn‘from 0.1 to 100 ca. |

Rengers (1970) stated, - -

'"On the ‘obtained proflles (of different scales
due to different recording methods) measuring .
p01nts are 1laid with a -mutuwal distance of L,
' measured parallel to ref which is usually
taken as 1mm.‘Frqm each point on the’ proflle,
. correction Iines . AzLe drawn to other points at.
" various dlstances (step 51zes) n x L. The step

9)

| . \




sizes .- are CHOSen so that n x L x 1/Profile
Scale (=n.L') equalizes one of the . 36 real
step . sizes used. in this method... The
correction lines make, positive and negative
-angles of i with thé ‘reference line." o

"Ref" refers to't:e reference plane 1ying parallel to
the approximate crlentatlon dL» the whole rock surface.
Figurevﬁ-u illustrates this procedure.

Rergers plotted the tangent 'cf the maximum i angles
.round against‘the scdle.of the step sizes anc noted that the
effective i amngle between asperities decreased as the
" measuring base length (n.L) Dbetween aséerities increased
(Figure 4-4) . However, no attempt was made to cqrrelate any
of these measurements or ‘trends with ~an evaluat;bn cf
discontinuity shear strength’ (#b+i) . Due to equipment
limitations only the roughness on discontinuities less‘than
2 m long was evalueted;‘This method of evaluating variations
in i is both time consuming and laborious and in- addition
requires expensive special equipment (Fecker and Rengers,
1971).. - A . |
| Fecker and Rehgersu(197i) described a somewhat _eimpler.g
technique of evaluating field roughness on apérorimaéely the
same 2 m' .scale. A CLAR compass with interchqngeable base
p‘atesfof>5.5,~j1.0, 21.0,-and 42,0 cm in diameter was used
to “record the neasurements of discoutinuityforientations
(Figure 4-5). The écatter in the readings taken random;i'

-

over the dlscontlnulty reflected the roughness of the Trock

N surface. The change in.scatter. brought about by changlng the

‘aSlZd cf the base plates reflected the changes of - i with



scale.

The poles of the sulting neasurelents were plotted .on
_ £o

a polar. egual, area neét and all the data rotated such that
the mean orieatatlonfﬁof the,;outcropf face"fell ;at the
stereoneti’centre: A 1line uas&tg:h’drakn edclosing all the
poles for .amy . given size( of basel‘plate. A Jqdalitative
congarison‘ﬂxz

greater scatter of poles than sgoother;;discontinuities and

on any given. surface the amount of scatter decreased as the

revealed that rougher discontinuitiels had a much

'size of the base plate increased (Fiéure 4-6). The ma;imﬁd_

- 0

scatter angles' recorded u51ng thls three dimensional

technlgue in a. dlrectlon parallel to tlose evaluated ausingﬂ

w

‘Rengers! profllograph on the same dlscontlnulty at the sane'

scales gave very similar results {Figure 4-6).

The prlmafy.advantages,of the technigue developed By

Fecker and Rengers are the speed arnd simplicity with vhich a

measure of i can be evaluated. However, when scales larger

than 2m' have. to be ,evaluated this advantage is lost.

2

1

Extrapolation of this technlgue 1mp11es either the use. of -

compass base plates of unnanageable size in the field"or‘

extrapolation of the data over very large ranges, a practlce

wvhich would almost certainly lead to gross 1naccurac1es.

Fecker and Rengers (1971) note that i angles can be

evaluated in any direction from the final sterionet plots.

However closer scrutiny shows that the plots are not

I
b

symmetrical and often appear at the center of the stereonet

as an elliptical group of points. At stations investigated
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using this technique " the range in dip .direction . was
i - " ( ) .

apprOXimatelyy-z to '3 tlmes greater than the range in dlp

¥

.(Table u 1) . Cruden and Charlésworth (1976) have shovn that

the ratlo of the dip error to the strlke error is egual to’

&

the sine of \the true d1p of ‘the discontinuity being

measured. As a result for,,a “disodntinuity{*dipping at.

approximately 30°, the error in, the dip. should ~ be

A

/approximately 172 of the error assoc1ated with the strlkee

This result is partlally a function of the iusbtument error,

the range in values found by ‘ duplicating ‘a single

-measurement at prec1se1y the same p01nt in space (Section 4-

8) .

Woodcock (T976) . 'sbated that for planes exhlbltlng low

to medlum dip the error 1n recordlﬁg the dip 1s less than 29 -

vhereas the error in recordlng the strike nmay Vary up to:

15°. .Fecker and Rengers' recordlng teéhnlque has no means.of

assessing this varlable 1nstrument error and as a result it

is impossible to dlstlngulsh the stereonet scattes caused by

instrument error from the scatter} oaused, by  surface

3,
N

roughness. Iustrument_~error5"in, some instances could be
considerably larger than the variatrons causedi,byr Surface
roughness. It is therefore not correct to evaluate the
surface roughness from’ a stereonet without correction . for

instrument errors. No case histories vere cited by Fecker

‘and Rengers to corrglate various values of roughness ith i

aﬁgles exlstxng ‘in the field. : /

Krahn (1974) used a small scale mechanical rou hiness

Y
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tracer. to record the profiles of natural discontinui#ies on
5¢m and 15cm long samples. The traces were then digitized to

form a series of.giscretg x~y points which were stored on a

‘qomﬁhter magnefic‘tape.' From this digital data, _several

numeric characterizations of surface roughness often used by

mechanical engineers weré calculated. These vere theVCLK,
the centre line average, RMS, the root;mean.sguare value and

SN . & s » X ! .
the 22 and Z3 parameters. The RMS is defined numerically as

‘RMS =  1/n Y2 dx . - 4.7
x=0 )
. vhere n = number of amplitude measurements e
Y = the amplitude of roughness about,a mean of zero

P 9

and dx ="a constant distance between amplitude readings.

"

The CLA is represented by

CLA = 1/1L Y dx ' - 4.8

x=0
where L = distance over which the readings are taken.

The RMS differs from the CLA in magnitude only and 'iéd



82

11% darger. - .
" The 22 paranmeter is basically ‘the RMS of the first

'derivative of the surface préfile and is defined as;

x:L- . ',

© : - y

0 z2= L (dyrax 2 dx 4.9
L - x=oj T
| s The 23 parameter is the RMS of the second deriv;£f§e of
- thg profile and re;e§ls the roundness ofothe profile peaks
‘ | - x=1 ,\\\ |
.. 23 = / (d2x/dx2)2 dx - 4.10
7x=0\ - o | ) |

-

Kfahn.(j974) recorded the profile§ of limeé?bne samples
extracted -from the débris of the Frank Slid;f‘prior to
'pgrforming a series of direct shear tests. The roughness ]
charactefizgtions found from these profiles were plotted
agaiﬁét ihe peakvfriction angles.fpund for the saméles and a <¥3
linear cqrrelatidn: between @p and the 22 parameter was
defined (Figure 4-8). This result theoretically makes it
possible to define the péak friction ahgle of a sample by
recording the sémple ‘profile‘ and ca%culating z2. Krahn

" concluded however that this approach was not\p;;;tiéal as
}he time and effort involved in "calculating Z2 is much
.greatér than’perfo;ming a Scm x Scm direct shear test.

'The- obvious extension to this work réquired the
characterization QfJihe 22 parameter oﬂéz larger field scale

but extrapolation of this' technique was not successful.
. = : .

Krahh (1974) mégsured three profiles ¥ith a maximum length
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the unweathered rock material. After conductlng a. serles ‘of'

"where JRC

of 15 3?3- the field but concluded that thege

representative "of the  large :scale roughpesses found on
natural slopes. Equipment limitations and small exposures of
failure'surfaces prohiBited the use of this technigue over a

1arger area. Ip addition no large scale shear tests could be

run to deflne a correlatlon between tthAQrge scale i and

the in situ angle of frlCthD. Krahn did conclude on the

basis of a back analysis that the i angle acting on 'very

large surfaces was extremely small. This conclus1on,

~however, is highly dependent upon the ch01ce of ﬂp, which as

will be demonstrated ‘in Chapter 5 is a varlable parameter
and is highly dependent on geological 1nterpretat10n.

Barton (1971) tried to avoid the“problem of measuring i

11

angles . on SeveraL\'scales Aby correlatlng the effective

asperlty 1nc11nat10n to the uniaxial compre551ve strength of .

shear tests on plaster specimens and plotting the results on.'

a graph\ef 1og‘(C/N) versus.i (Figure 4-9), Barton obtainedf”'

the reletkgniyip

10 log (Co¥) . Vet 4.11

i =
nhere ‘ C = uniaxial compressive strength{Lof the igtact‘
| ¢ rock and ) R ’ |
N = normal stress acting during shear.

The shear strength along a discontinuity was then given

s

by -

T N tan(JRC log (C/N)+ @b) 4.12

the Jjoint roughness coefficient, a modifier

7

SN
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< o dependent on‘etbe roughness profilg of the
| sample ‘o | '
and @b % the ba51c frlctlon angle assumed by Barton to
be 30 degrees.

: Unfortunately the problem of estimating i has not been
totally ’av01ded as it is still necessary to evaluate the
JRC. parton's'technigue;uas to trace the profile of a roek

surface then:~compare (tbe' trace with a set of standard
proflles whlch had known JRC values (Figure u—10),&.RecentA
work by >Tse (1978) as sKown that a ‘straightz llne

correlatlon exlsts)between the JRC values defined by Barton

\\ ‘Dfand the Z2 paraseters 3? Barton's standard proflles. This
\i;sfellmlnates the qualltatlve comparlsons preV1ously‘ used and
“"x“// thus numerlcally evaluates JRG for amy sample. The problem
. of obtalnlng largg'scale proflles has not been ellmlnated
however, Aagd so for fleld use the _JRC stlll has
assessed.qualitatively. ’
u43»ggggigg§-ggglxsg§ of Roughness Heasgremeg_g
S . N TR '

¥ . .. .
e 44 ., F . . . ~

Hoek and Bray (197u) in sum\grlzlng the prevxous work
of ‘Patton (1966) and Bartone£1971) s ggest that varlatxons
in‘shear streugth due to scaleb effect) were not properly
taken 1nte ’account.o In )ag ‘attempt to. overcome this
’dlscrepancy Hoek and Bray graphlcally linked the Hbrk of
parton (Figure u—9) 'with the results of Fecker and Rengers

" (Figure u-e) to obtalu a graph of the effective i angle
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. - R

' versus. the sc?le vT- neasurements (s) over which the i angle

was evaluated E?Inset Flgure 4- 11). The original points.

e

. -defined by"pecket and Riggggﬁ &ﬂe . 'shown ih Figure 4-11

were enclosed by two stna }n;d’ékgﬁﬁbhy Hoek and Bray
39 gy

(1974). These 11nes ho

pooy fits ‘to the .data
poxnts shown. Further, they imply that for scales greater

than 10m, i is equal to zero. Howevqr, large scale folds

I

* with wavelengths of,JO m ana‘laxger are found in” the " Rocky

7

-uountaiﬂs and the variations in dip created by these folds

are~’considefab1y greater tpan zero  degrees. It is

o

interesting to note that this technigue has since been

eabandoned by.Hoek and Bray (1977).

Cruden (perSonal communication, 1974) hasr ifivestigated
the theoretical behaviour of variation% in i with scale.
Cruden aSsumed‘thét a true profile’ of a natural surface

could be apprqximated.byﬂa large number (n) of straight line -

elements (dL). This implies that as n appfoaches infinity,

the profiie y=f(§) is everywhere .continuousv and
differentiable. These shall lines, treated. as unit vectors
makejangles 68 with the mean orientatjon of the surface.
Cruden assumed that  the Von Mises circular normal
distribution accurately reflected the distributiog of'the
orlentatlons of the vectors data so that the length R, the

b,

resultant of the n unit vectors is given by <

R=n(1 -1/2 k' ) “ | 413
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where - " k' is the best estimate of k

g -

apd .~ . K is the standard deviation of a Von Mises

J

distribution given by ﬂ(O,k), ‘ o

/

For large values of R the Von Mises distribution can be

approximated by:t@e Norqdllpistribution represented by

N(O,k—l/z) .

The mean of n observafions'from a normal distribution
is normally distributed with pdfameters | 5
: ,»'  . ’
(. kn-1/3 | 4.15
. where . } 0 = mean and SN ; N f

kn-1/2 is the\stéﬁdard~deviation.u

™ o f

Thétefore, the\}ines of léngth dL from a profile, have

'a’ distribution about the true orientation of a plane given

by s - » ’ : _ ST
. .
¥ 0

N (0, (kn)=1/2) SO T:

'However n=L,/dL and therefore the distribution of lines
of length L becomes
"' ’ : ~  R &
N (0, (kL/AL)~1/2) 417

which implies that
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« i = x L-1y2 - . 4.18

wvhere x is a constant.

fiéure_ 4-11 illustrates the similarity in results

S

between the experimental data of Fecker and Rengers and the

theoret1ca1 dlstrlbutlon defined by Cruden. Equation 4.18

[N

- may Le a ba51s for extrapolatlng i to large scales but it

A

has yet to be verlfled experlmentally.gln summary then, . the

concept of measufing £b in the laboratory and evaluating an
i ‘angle at the abpropiiate field scale appears to follow

uaccepied guidelines published by -Patton (1966), and more

recently by Hoek and Bray (1974) and Goodman (1976). No

meuzou has yet been reporied whlch can be -used as a
satisfactory design tool for eualuating -i at largé field
scales. | A

A né& technique for evaluating large scale rdughuess in
‘ tue field has been _&erived -which uses only.a geological
compass to record data. The simple two °dimensidua1 ., method
works lpu areas of pebm‘ beuchk exposure and requires no

spe01al egulpment. Only a pocket calculator is required to

evaluate the results. ThlS new technlque is a modlflcatlon

of a method preseuted by Kerrich (1974) and is outlined in

bd

section 4-5.



4-4 Theory 0f Roughness Evaluation

" The two dimensional ' model was contrived by Kerrich

(1974) to evaluate the mean orientation of a family of
. . ~ (_3

discontinuities for design purposes- Kerrich evaluated the

scatter in joint dips by computing a mean dip and akVarlance

for each joint set. The variances of the readings vere
; :

treated as errors uhidh‘ had to be removed in order to

- delineate the true orientation of a discontinuity set for
\

‘rock slope design purposes. Using a similar technique but

considering the varlances as roughness indicators instead of
errofs, it-is p0551bie to evaluate the varlances or standard
deyiations.in Hqoint orlentatlons and to correlate these
statistics with i angles evaluated inhdependently by other
methods. The following is a summary of the theory as
developed by Kerrich (1974) .

@ is a measurement of the dip of a diecontinuity on any
fabric ‘element. AssuRe the~fabrid'element is g}anar within
. le -of the outcrop being examined. “
Assﬁme that

0=d + z + W + e ' . 4.19
where e is partially the observational error due to the

instrumént and the operator, and partially a

neasure of the very small scale roughness ‘at

any location. The error e is introduced by

replicating a peasurement at any given spot on -

the surface.

|
2
i
3
]

FUREUPRPE R S
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v is the error associated with trying to

define the true orientation of' a single joint
surface. W representé the .roughness’ of. a \g
single discontinuity. ‘ . o

z is the differences in roughness -found on

4 W
different discontinuities in the same set “on
[=] /

, . i
¢ the same outcrop. N\ . S g

1

and d is the true'average“vélue of dip of -a
v diecon£inuity set.

Fer every set of discontinuities an indefinitely lafge/
number or population of possible dip mneasurements eiistéf
fhis po;uiation possesses position and scatter, respectively
represented by E(8) and sigmaz(ef. Similarly the remaininé‘
variables‘lz,' w, and/ e aleo possess expected values and v
variances.

~ Assuming that z, w and e are all random and independent

variaBles with zero expected values

then _ ;

‘E(8) =d + 0+ 0+ 0 a:zo %

and | | %

| | sigma2(8) = sigma2(z) +sigma2(wv) +sigma?(e) . /

; 4.21 :
(after‘Kerr;gh 1974)

Let Qj, j=1,n, be a random sahple \f dip% measurements. .

v

The sample has a mean given by
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f
n
E(0) = 8 j/n 4,22
§=1
and a variance estimated by
n,
S2(8) = (65 - ') 2 /n-1 ) 4,23
=1

The expected. value of 6, 64, the mean of the recordéd
dip values, is an estimate of d. The expected value of the
variance, S2(9), is.an estinmate. of the variance
sigma 2(8) . = Therefore s2(8) is alSQ an estimate of
‘sigmaz(z);sigméz(w)fsigmaz(e). However, what we need is an
" estimate o sigma2 (w) or Sigma2 (v) +sigma2(z). A éistinction
between sigZa?(ﬁ)'and sigma2(z) only becomes necessary when
" the roughnesses' measured differ signif;cantly between
discontinuities.

Evaluation of sigma2(e) is necessary in/ordé; to remove
”tﬁe influence of operator error from the above data.

The method of analysis suggested by Fecker and Rengers
does not‘distinguish between the various types of roughness
outlinéd above and indeed the roughnesses measured by Fecker
and Rengers are estimates of z+w+e grouped togefher.

In order to evaluate sé(e), repeated samples of the
discontinuity orientation are taken at the same poini.
variations in placement of the compass and reading of the

compass lead to small variations in the recorded digé. The

rougher the surface the harder it is to replace the compéss

o

b
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in the exact sanme Fosition which increases the operator
error 52 (e).

By repeating this procedure at several locations on a
single discontinuity S2(w) can be evaluated. By varying the
distances between measuring locations if is possible to
evaluate S2(z) and S52(W) on several different scales. As
long as the mean values (i.e. the E(8) from which the
variances are being ' calculated), do not change
significantly, the distances‘betwegn stations, and hence the
scale of S2(w) can be extended over very large areas.

The mathematical reduction of the data is simple. A

mean 5nd a variance were calculqted for each scale
investigated. Analysis of variance tests were performed on
all the calculated mé;ns to test whether all-ﬁefe sanmples
fron one population (Walpole, 1968).
. Thé variances calculated for ahy'given‘scalé were also
tested for homogeneity using' Bartlétt's A test
(Halpole,1968,p.2§9) Upon completion of the Statistical
tests, all of which are based upon variances, the variances
wvere reduced to standard deviation values. The standard
deviations were more Practical- aé these quantities wvere
similar in magnitude to both Patton's and Fecker and Rengers
resulﬁs.

In addition, the standard deviation ié a moré efficignt
estimation of dispersion than the half range. An estimate of
roughness using standard deviations requires fewer

observations than an estimate using the range for a given
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level of confidence. For large samples the difference in
iefficiency is very large (Crudén and Charlesuorth,j1976). In
~addition the standard deviation in a normally distfibuted
set of data is pfoportional to‘the . ata range.f_Thé range
,¥valués; ‘hoﬁever, are dependeﬁt on tﬁe sample size whileésme
stanﬁard’ deviation is independeﬂt ; of -sample size.
Furthefﬁore, as the distribution of eétimates“ of the

standard deviations for normal populations is well - known,
y

féstiﬁates of preciéion for various confidence 1imitsdcan
easily be made. | ’

The use of the sfandard déviagion as a roughness
indicator improves the technique forwarded by Fecker and
Rengers. The pafallelism of the 1lines in Figure U4-12
indicates how the simple two dimensional technique gives

Q{milar results to the already accepted method developed by

- Fecker and Rengers.

4.5 Experimental Verification of Roughness Evaluation
O |

Rouéhnegs was estimated on the basis of over 1800
bedding surface measurements taken at both Jonas Creék and
Whitehorse Creek rock slides. Preliminary work consisted of
taking measurements with a CLAR dgeological compass to
establish the structural domaifs fougd on the rock surface.
These mapping results were discussed earlier in bhépters 2.
and 3 and will not be dealt with further.

;)
I
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Measurements wvere recorded from the first four stations
occupied at Whitehorse‘Creek usingva CLAR compass placed on
1.9 cm thick plyuood discs 10 cm, 20 cm and 50 em in

’ ‘ :

diameter to verify"the universality of Fecker and Rengers

results (1971). A set of readings was also taken using - only
the sguare*aluminum back of the compass which measured 4 cm
. by 4 cm.'The poles to the compass base Plate at each station

-for each size of base plate were Plotted on a polar egual

AR

area net and a line enc1051ng all the points was drawn to
represent the range in orientation data. The results fron
station 1 are illustrated in Figure 4-13,
The method simulated as closely as poé%ible that of
Fecker and Rengers (1971). Fecker and Rengers maintained
that the use of a Stereonet allowed the Calculation of the
roughness in any direction. The previous arquments . with
respect to operator error would indicate this to be
incorrect. In all the cases reported by Pecker‘ and - Rengers
(Figure 4-7) ang for those stations. recorded at Whitehorse
'Creek the range of the dip of  the poles to the bedding
surfaces was approximately 1/2 the range of the dip
directions as predicted by Cruden amd Charlesworth (197s6) .
Table 4-1 is a summary of the ranges in dip and dip
a direction established at Whitehorse Creek.
/ K\\b;\ The maximum dip deviation, estimated to pe one half the
range of dips Deasured in the dip direction, was recorded
for each disc size and a graph. of maximum dip deviation

Versus base plate diameter was constructed (Figure 4-12),.
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The trend of decreasing maximum range in i assoéiated with
inéreasing disc diameter closeiy pmirrors the trend of the
data gathered using Fecker 'and Rengers! method Lhich
comtines dip and dip direction. The trend of Fecker and
Rengers' data is also.shown in Figure 4-12 for comparisén.
The dip data recorded using the CLAR doﬁpass on the wooden
disc was analyzed in order to cqmpyne the new roughnesses
established with those estab%ishéd %By Fecker and; Rengers
method. The maximum value of S(w), the standard deviation
for each disclsize, was plotteﬁ versus s, the disc diametér
and is also shown on.Figure 4-12.

The similarity in the results is illustrated by the
near parallelism of the lines dépicting”‘éufface roughness
variatiogs. .

The new method of analysis is preferred, however, due
to
1) The use of a standard deviation value as opposed to
range values.
2) Thé influence of operator error can be evaluated and
removed.
3) The data can be reduéed very easily.

The data from Whitehorse Creek, recorded at an early
stage in the field explofation programne, appearéd to verify
the new method of evaluating rouggpess. As a result a
standardized system for measuring and recording the data was

‘established.

A cross with 0.3 m long arms parallel and per pendicular

\
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fo the estimated dip difecfion of the.discontinuitylsurface,

was marked with uaterlgoluble‘paint on ihe exposed fupture
surface at the desired station location. Figure 4= 1u is a
schématic drawing accompanied by field data recorded for one-
such station aikuhltehonse Creek. Three observatlons of dip
and dip direction were recorded at the centre of the cross
‘and at the end of each arm to evaluate S(e) the standard
deviation of opérator error and "the 0.03 n scale of

roughness combined. The five resulting dib ;alues of S{(e)

were then averaged to produce 1 value of S(e) per station. A

sample calculatioﬂ is shown in tF;gure 4-14. Table 4-2

sumnrarizes the S(e) values of}dip measurements found at the

rock slides investigated. It ‘is épparent'from this table
that the 5(e) jalues ogfdip He£é~reasonably constant at each

area studied. Comparigbn of the variances at each area

revealed that all individual S(e) valges belonged to one

population. | )

The quartzite bedding surfaces at Jonas Creek on this

0.03 n scale weme relatively smooth. The corresponding

éverage S(e) value was 1.2°. The dolomite " surface +at
Whitehorse Creek was slightly rougher in .places due tg
differential weatheging around chert nodules and the

formation of @wmicro-karst features such as karren. The

average S(e) value at Whitehorse Creek reflected this change

in roughness. The average value of S(e) at Whitehorse Creek

waé 1.6°. It was reassuring to note also that the higﬁer

values of S(e),measured at Whitehorse Creek, corresponded

/
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well with gqualitative evéluations of roughness made ddring
:the field mapping. | | | i ' ‘ /

The next scale of roughness evaluated COnsisted of the
0.30 m scale. This size lay midway gerueen,Pattdn‘s first
and second order irregularity scale. In order to ‘evaluate
this scale the 3 measurements of dip recorded at each p01nt-
of tﬁe station crosses were averaged to produce ene valPe.
- The filve resulting dips were then used to produce a mean and
a standard deviation S(w) for each station. | |

/The variances, S2 (W), were tested ﬁ6r3homegeneity using
Bartlett's test (valpole, 1968) and it was found that vaiues
of S(w) could be separatéd into two separate populations
with standard deviations above and below 4.50°. The majority
of the standard deviations etlJonas Creek vere less than
u§50° and averaged 2.90°. The higher values of S(wj ranged
from 4.50° tc 7.35° and averaged 5.459, |

These groups were referred to as normal and rough
standard deviations for further analysis. These results are
sumnarized in Table 4-3. Inspection of these results
indicates that roughness on thie scale can vary radically
over small distanees (see‘ bedding surface #10 at' Jonas
Creek, Table 4-3). =

At Whigehorse Creek the'majority'of.the normal surfaces
-had srandard deviations averaging 2.79° while the rodgh
surfaces averaged 6.85° and ranged as high as 9.10°. Again,

high deqree of variability could be Seenn in the

-

roughnesses within short distances. Qualitative evaluatioms
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oﬁ toughness made 1n the fleld are shown in Table 4-3 and it

ié reassuring to note that "the areas exh1b1t1ng hlgh.

standard deviations had beenaﬁreﬁiously evaluated as rough;
A : p e e
Field ,evaluation of roughneSs in a gqualitative fashion

between "stations on any glven bedding surface seemed fto
reflect the roughnesses evaluated using standard dev1at10ns.
Evaluations of roughness between beddlﬂg surfaces were more
difficult as the stations were not within sight of° ‘each
other. | - |
) Evaluation of S(W) onrthe 3.0 m scale of roughness was
~accomplished by grouplng "together all the stations on one
beddlng plane. Th@\ stations were all 3. b m apart and each
.had a mean dip value\derlved from the five averages on the
:,0'3d§ m scale. Ana%g51s of variance tests were conducted-on

all the bedding planes to test whether the dlp means on' the _

~

0.30 m scale belonged to one population. In addition. the new.: ey

set of variances was tested ‘for homogenelty using Bartlett's’
test. No_significant differences existed in either case.

The standard deviations on the 0.3m scale were used ifg
divide bedding surfaces into ‘rough or smooth categorles.\
v'(Table ’9f3). This distinction was noted in Table 4-4, a
supnary of the 3.0 m scale df,lroughness. The gualitatige
field evaluations of roughnesses were also noted-.

| At Jonas Creek, the average standard dgviation on the
3.0 m scale of roughness, for the beds defined as smooth on
the 0. 30 m scale of roughness, was slightly greater than the

average standard deviation of the rough beds. This implied

-
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that extrapolation of roughnesses from small scales’ to large

scales would lead to incorrect results. At WhitehorSe Creek

however, the rough bedding planes defined by the smaller.
“0.3m scale'S(w) agreed wéll with the 3.0 m scale S(w)
values. As- a 'tesult, even though there vas no statistical

difference between families the beds were 'kept separated’

into* réugh ard smooth groups at _this: stage. -They were
» \

grouped together at a later stage, however, to evaluate the

next larger scale of roughness. - R

On the basis Of the above finding it would appear that

roughnesses. on the various scales must be = evaluated

independently as small scale roughness may not always

reflect the roughness at 1arg§% Scales.

<

Results for Jonas Creek on the 3.0 m scale indicate

. that the éverage standard deviation for all the bedding

surfaces measured was 3.16° but varied from 2.17° to 4.350 .

)

Comparison of these variances failed to find any significant

differences between bedding surfaces at the 95%‘ﬂ¢oﬁfidence_

1é§e1. This would tend to suppbrt Patton's hypothesis that
roqghness méy be eQaluated‘oﬁ similar discogtinuities _whén
the original br i cfpient failure'surfaces are concealed.

At “Whitehorse)| Creek, 5 of the 7 bedding surfaces

analyzed at the 3.0'm scale had standard deviations which

averaged 3.099° and ranged from 2.65° to 3.81°. These rgsults

were similar in ngxure‘to Jonas Creek results. The remaining

two bedding planes, however, which prior to any calculations

had gqualitatively been evaluated as very }Fough had an

n
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average variance of 5.46° and ranged from 4.60° 'to 6.32°.
The next. larger scale, the 30.0 m scale, was evaluated
using all the data collected over each failure surface. fn
tne first instance, because there was no significant
difference between beiding surfaces on the 3.0 m scaie, it
was nossible to group the average dips from each*“individual
Lbedding‘ surface together to evaluate the roughness. Because
. the failure surface at Jonas Creek steepened perceptxﬁly
with elevation (Chapter 2) only those bedding surfaces which
exhibited similar dips were compared. The surface ‘was
divided into 3 zones of dip{'those dips less than 30?,A dipsb
"ranging from 30° to 35° and those dips greater than 35¢°.
There were insufficient stations to compute the large .scale
roughnesses ‘on the sections with dips greater than 35° ad
less than\30°. Onlyb the large scale roughness for the
intermediate dips was found. The i.bedding‘ surface
measurements grouped in this manner.were ySed to calculate a
mean and hence a+ standard dev1ation for this;scale at each
slide.ﬁ fhe‘ large scale standard _deviation vas 1.45° and

'2.65° at Jonas Creek and Whitehorse Creek respectively.

4-6 Correlagion of Variances with i

In order to illustrate the compatibility of the new
method of analysis with other techniques the maximum values
of standard deviation S(w) for each scale size were plotted

on a graph. The average values or the minimum values could
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also have been used. A line connéétipg tﬁ;fpdinta defined‘by
i= x (L-i/{?, pfeviously established as a good theoretical
~modél fsé roughness variation, . was also plotted dn the
graph; The near parallelism of the lines §hown‘in Figure 4=
15 illustﬁates that the-new two dimensional technique gives
a true representation of the #urface fougﬁhess; In addition,
as has b;en previously noted, the inhicator S (w) ’cén be

- ‘

correlated with the qualitative evaluations of roughness

made in thé field. | / -
Compilation and removal of S(e), the operatori'errpr;

and the 0.03 m scale of foughness combiﬁed isolateé:the
values of S(z) and S (w) o; the larger scales of‘ roughﬁeSS.
The 0.03m scale of roughness can easily be evaluated during
sheér testing of small scale (5 ucﬁ x 5 cm) laboratory
samples. In addition the i angles established at this scale
are at least as small as ‘Pattqn's second ‘T-drder
irregulanities and hence are of little significance. (Deere ’
et. al. 1967). The remaining values of standard deviations
represent values oiP i existing on the rock surface at
different séales. The se standard deviations, in order to be- .
useful, must be‘ corfelatédv with actual i angles by
independent techniques. |

| The first methoé enulated Patton's technigue of
photographing beddiﬁg surface profilés. Plate 4-1. is a
Sample photograph taken in the vicinity of areas previouslf
pmapped. bj compass. ,  The average i angles, found by Patton

(1966) to be the controlling i values, were then recorded
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for scales varying from 10 cm to 10 m. -

The i angles fepo}ted by Patton for first-order
irregularities varied‘&rom 100 to 20°. The  first order
irregularities measured in ‘Figuré 4-16 ranged from 2°0-25°
thereby supporting the use of this procedure. Figure U4-16
shows a set of histograms .illustrating how thé i values
varied from each scaie of roughness.i All the i values
megsured on the photos were absolute values, therefore only
one\half of the(hiétogram has been drawn. The nmeans and
standard deviations of the i values measured f;om fhe photos
at various scales are shown on Figure u4-16.

In addition, slope profiles approximately 30 m and _60 m

long were recorded on éxposed bedding surfaces at both«:;%as

Creek and Whitehorse Creek rock slides using conventional

surﬁeying technique’s. Figure 4-17 illustrates these

profiles. Ther 0.30 m scale i angles measured from these

profiles ranged from 1° to 22° and agreed well with the

AN AN -
values for this scale reported by Patton (1966). An example

of the various i angle means and standard deviations for the
{

60 m Iong qdﬁég Creek profile can be seen in'the ) sfograms
in Figure u;16.

Compass readings ’vere 'systematically Faken along the
profiles established by photos or transit and the average i
angles measured ;from the profiles vere coméared with the
values of standard deviations calculated for various scales.

A graph linking the S(w) values on all scales with thé

respective average i values was copstructed and is shown in

-
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Figure 4-18. The means and standard deviations of the S(w}
and 1 values give rise to the points andﬁerfor bars in
Figure 4-18. The points without error bars indicate the
measuring scales which had only one S(w) value. A strdight
line correlation was ;stablished which made it possible to
evaluate the i angles acting on all the sCales‘previously
examinéd.

The half ranges of the data scatter, suggested by
Fecker rand Rengérs (1971) to be an acéurate reflection bf
the i apgles éxisting on a .slope, were compared with the
sténdard deviations measured for 'the four original“stQ;ionS

at Whitehorse Creek. The <correlation between the two,

illustrated in Fiqure 4-19 is a straight 1line relationship

defined by , ‘
R/2 = 1.1 + 1:08 in : 4.26
where R/2 refers to the i value defined by

Fecker and Rengers' technique
and in.is the i angle established using
the new S (w) method.

A similar c0mparisdn\:as mnade between the i angles-
predicﬁed using the new technique with those predicted using
Krahn's 22 pethod. The profiles from Jonas Creek and
Whitehorse Creek were digitized using points 0.3 m apart and
the Z2:values were calculated. The 22 values ;ere then
conver@ed to @gb+i values using fiqure 4-8. The @b value of
7°,‘shown on the graph in figure 4-8 as the ordinate

intercept, was then subtracted from the gp values in order
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to define the topographic component, i.
Manipulation of the 22 parameters /defined for the

profiles yielded i angles of -13° and 112 /for Jonas Creek and

9¢ for Whitehorse Creek. These i values, designated as iz,

vere compared Hh&&hi_ZE}Kes evaluated using the new method

on the 0.3m scale.
The new values were 6.2°, 6.2°9 and 4.09 for Jonas Creek
and Whitehorse Creek respectively. The Z2 values were also

calculated for the 3.0m scale. The i values for this scale

&

corresponded to 5° and 4° for Jonas Creek but unfortunately

there were not enough points on the Whitehorse Creek

exposure to compute a reliable estimate of a large scale 22.

The average i angles for the 3.0m scalelat Jonas Creek

corresponded to 1.49 and 1.3°.,§n attempt was made on the

basis of only these 5 points to define a straight line

relationship 1linking the i values defined by the 22
parameter with the new method (Figure 4-20). The
relationship was found to be;

iz = 2.5° + 1.5 in' w27

where iz is the i angle‘defined by Krahn

and in is the i value estimated from S(w) values
usiﬁg Figure 4-18.

This  relationship is of little consequence however as

it is often impossible to evaluate Z2 on large scales due to -

the lack of surface exposure. Neverthless it is reassuring
to note that a straight line relationship exists between the

two techniques.

J

{
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?&nally the technique proposea by Barton (1971) was
used in conjunction with the relationship defined by Tse
(1978) to gefine JRC values from the 22 profile parameters.
The relationship defined by Tse is given by | ‘

JRC = -7.5 + 86.8 72 4. 28

This is illustrated in Figure 4—é1.

: —_—

The JFC values defined by this expression,corresponding
to fhe previously calculated 22 values of the large
Vprofiles/ were 5.52, 2.31 and 0.75 for the 0.3m scale._The
values of the JRC estimated for the “3.0m scale gave negative
numbers which were of no physical significance. These were
therefore equated to zero. | €

The correlation between i values and JRC values is
defined by Barton as ‘

ib = JRC log (C/N) | 4.29
where ib refers to Barton's i values.

For the normal loads found at both Jonas Creek and
Whitehorse Creek the ratio of C/N has a maximum value of 100
(Barton, 1974b) ,” which reduces the above equation to

ib = (JRC) x 2 4.30

The resulting i-values calculated from the JRC values
noted previously correspond to 1.0°, 4.6°, '1.5°, 0° and (°.
The'resulting lov i angles may indicate a sen%itivity of the

©

JRC to measure i at low roughness values. A straight line
relationship linking the new i values wi%h the JRC values
was defined from the above 5 points. This relétionship is

given by
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JRC = =1.32 + 0.79 in 4.31
and is shown in Fiqure 4-22.
The application of this relationship based on so little
" data would be irresponsible at this time. However this
preliminary finding does imply that large-scale now
roughnesses can be evaluated quantitatively,/ and uféd in
Barton's relationship. Table 4-5 jis a summary of'aii”{he

equations and i angles discussed above.

4.. y
A review of the results from the previous section

§
\
|

illustrates several important observations.

On the 0.30 scale of roughness, a large range of
variances was observed which could be split roughly iﬁto 2
populations. The full significance ;f these tOUghnesses only
becomes obvious when the stations and their respe;tive
standard deviations or i values were plotted oﬂ an air
photo. Plate 4-2 is a map of Jonas Creekvshowing the failure
surfaces and the station loé%tions..All the stations found
on the exposed failure surface had a standard deviation cut
off established by statistical tests which sepafgted the
results into normal ‘or rough surfaces. No standard
deviations greater than 4.5° were found anywhere other than
around the edge of the unfailed mass sitting between the two
failure surfaces.

At Whitehorse Creek 7 of the 8 anomalously high

standard deviations are located near the slide margins
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(Plate) 4-3) . The -reihain;.ng high standard\iifviétion is on the
féilure  }1ane. The implicatidns. of this Hresult. are
notevworthy. d&he . first order :}rregulafities; thbught by
Patton to be the controlling factor im slope stabili£y
éppear ‘to play a.large‘role‘in the stability at Jonaé‘and
Hhitehorge'Creek roék slides. Failures only occurfed whefe
the 0.30n scale of i angles were less than 19 (s(w)=4.5°)
ahﬁ}did not occur. in areas with i angles greater than 7°.

On the 3.0m and 30.0 m scales  of roughness no
significapt patterns could be establishe& which could‘be
used to distinguish stable ffomv unstabie slopeé. The
ét;ﬁdard deviations on the 3.0 and 30.0m scales as a whole
were lower than those found on the 0.3d%scale. This iﬁéliéd
that if and when the first order irregulérity 'strength was

overcome by natural processes only a lower or eduivalent

value of i was available on the slopes studied and hence

fajilure could not be avoided. A summary of the i angles

Fs

found-at the various scales iﬁ.given in Table 4-6.

4-8 conclusions ' .

The problen of evaluating various topographic
componen?s of roughness on a Lafge field scale has not been
satisfactorily dealt with in the past. However a nev method
has been designed and tegted which apéears to fit all the

necessary requirenments. The new method can evaluate

" roughness angles on scales from 0 to 30.0m, maximizes the

use of small areas of exposed failure surface, and does not

“ e L]
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need special eguipment&£o'record data. A simple uanalysis
wvhich can '‘be carried out on a pocket calculator is used to’
estimate i ﬁalues. . -

Reéults indica;e that, at Jonas- Creek and"WhitehorseJ
Creék;' failure 1is coﬁtrolled by first order,’0.30m scale

irregularities. The tremendous variation which can occur 1in

roughness over small scales should be noted. The i angles

b od
hy

- . 2 e

vary from 0.5° to about 14° within a distance of 'le§§[dih;£
15 along tﬁe éouth_ maréih of the north sliéeI%lYJonas
Creek. It is therefore imperative that the 0.3m séale of
roughness be well documented " over the face of a site map
regardless of the bedding surface exﬁbsed. The lowest value
of i at this scale will doubtless éonfrol the topographic
component of shear strength along>a given bedding pléne.

Q Observations of these failed slopes show that. the i
angles have decreased or remainedﬁapproximately equal as. the
measuring scale has increased. As a result, .if the small
~scale i angle is overcome, only smaller i anéles remain and
failure cannot be averted. The decline of the i angles.with
an increas& in séale ié what might be expeqted'at random.

“The i yalues for all scales are étatistically
;quivalent from bedding plane to bedding plane. This result
vas implied by Patton (1966) when he suggested estimating
the i angles on various surfaces.

The low i angles recorded for large scales of roughness

agree with Krahn's conclusion that i is close to zero on

failed slopes. This conclusion may not+apply to all slopes./////’~/

-
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It is based on a tiaged sample as failure has already
occurred in the slopes<ne$surea; Furtﬁer étudies of stable
slopes hay be necesgary;prior to the'acceptance of this tool
as a design method.

The . applicafion of this new method of evaluating
;oughness will ensure that large scale roughnesses can be
measured. 1In addition,many of the neasurements will have to
be taken in order to define the orientation of the rupture
surface. |

The analyses carried out at Jonas Creek and Whitehorse
Creek are 2-dimensional in nature and have only been carried
out with respect to dip values due to the planar nature of
the slides. Deviations in strike can also be evaluaéed and
hence rdughness-in the strike direction can be evaluated.

In cases where failure does not occur directly down
dip, such as in a wedge failure, calculations of roughness
‘may have to be carried out on values of apparent dips,
calculated by a stereonet analysis prior to treatment using

the'new nethod of evaluating roughness.
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Range of dip‘and dip direction values found at

Whitehorse Creek using Fecker and‘Renger's me thod

STATION #

"TABLE 4-1

RANGE 1IN

diﬁ

dip
d&p
dip
dip
dip

dip

dip

direction

direction

direction

direction

~

PLATE DIAMETERS (cn).

50
5
13
3

11

20
6
17
6
18
6

18

10

6

10

g
19

8

13

109
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TABLE 4-2

S{(e), The operator error values established at Jonas Creek

) and Whitehorse Creek.

JONAS CREEK

STATION # S(e)

200
201

202 .

203
204
205
207
208
209
215
216
217
219
220
222
224

22¢

1.03
1.22

1.15

WHITEHORSE CREEK

STATION # S (e)

100 1.03
101 - 0.85
103 1.32
104 0.57
105 0.89
106 1.00
107 2.28
108 - 1.07
109 0.84
110 1.55
111 2.06
112 1.10
114 1.12
115 2.72 )
123 0.55
124 2.80

131 1.36



300

301

302
303
304

305

306

307

308
309

310

312

1.76
0.63
1.57

1.00

1.18

TABLE 4-2 CONTINUED

132

134

135
136 -
137
138
139
146a
146b
147a
147b

147c

AVG.

111

a7



summary

\ S

BED Pl.#

1

1

10

10
10
11
12
13
1

15

iof the S(w) values_for the 0.3Am,sq§le.

: ’ ) . 112

- ~ TABLE 4-3

JONAS CREEK

STAT. # \ Si;L//// Field Evaluation
200 : 3,'8"  "smooth

201 " 2.47 . - smooth..
202 3,01 stooth
203 4.37 rougher
206 3.03 than
205 3.49 B.P.1
207 3019  rougher -
208 : 3.48 ‘. than
209 1.95 B.P. 1
215 5.22

216 6412

217 0 3.08

219 . 2.33

220 . 2.56

222 4.50

224 4.78

226 2.52

i e



smooth Average.

TABLE 4-3° CONTINUED

1.60

4.55

\
16 300
16 301
17 302"
17 303
17 304
17 305  \
17 v
17 307
18 308 i
18 3ogi‘
18 . 310
19 | 311
119
312
Réugh Avg.:

5.45

2.90

moderately

rough

113



TABLE 4-3 CONTINUED

Sunmary of S(w) values for the 0.3 m scale

WHITEHORSE CREEK

BED PL.% STA.#

1

1

10

A
1
1

35

37

\38

.39

12
14
15

16

S (w)

2. 10

field roughness

smooph

very

‘Tough

rough

114
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TABLE 4-3 CONTINUED

11 22 "6.15
12 31 2.43
12 . 32 . 2.24
12 "33 3.87
12 34 - 3,28 “
137 24 3.11
15 . : 46a . 2.41
15 46b  6.16 )
16 47a ) 3.97
16 47b 1.70
16 47c '", 3.36
Rough Average. . 6.85. .
¢Smooth Average. 2.99 i
_\ | e
-
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TABLE 4-4
Summary of roughness on the 3.0 m scale
JONAS CREEK

Roughnesses

BED.PL.*# ROUGHNESS S (w) from Table 4-3
1 smooth ;‘ﬂ 2.53 smooth

2 rougher .- 3.78 smooth

3 rougher still 4.36 smooth

10 roughk A 3.26 rough

17 med. rough-~ 3.22 rough

18 med.§rough | 2.83 rough

19 rough: A 2.17 rough

Average S(w) 3.16
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TABLE 4~4 CONTINUED

WHITEHORSE CREEK

BED.PL. # - ROUGHNESS
1'1 ~$mooth

3 smoofher

4 - rough

5 . med.rough
12 very rough
T1 15 med.rough'
16 no estimate

Average S(w) for smooth beds

Average S(w) for rough beds

S (w)

2.98

2.65

from Table 4-3
smooth
smooth N\
rougﬁ
sméoth
smpooth
rough

smooth

117
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TABLE 4-5 : '

A Synthesis Of The various i Angles Calculated Usiﬁg Several

? , \ ' Heghods
SCALE S2(w) ip if ib iz
0.30 m 18.0 6.2 7.8 11.0 13.0
13.6 6.2 7.8 4.6  11.0
16.7 4.0 5.4 1.5 . 9.0
3.0 m 7.1 1.4 '///,/ 0.0 _ 5.0
2.4 1.3 0.0 4.0 '
1.4 1.8 5.7 0.7
6.2 3.5 . 16.8 6.0
30.0 m 5.4 1.3 '
3.4 0.7
1.3 1.9 ’

The values of iz,ib,if can only be evaluated on tke 0.3 m
scale. S(w) are valués found ’using rthe new method of
evaluating rough;ess.
ip are i values found'using Patton's profifihg techniqué.‘
if valués found to be given by if=1.1 + 1.08 in. —
iz values found using the calculated Z2 parameters from
Figure 4-17.

&

ib values calculated from JRC values estimated using Z2 in

conjunction with The's formula and i=2JRC after Barton.



TABLE U4-6

Summary of i angles found on the various scales..

SCALE

e
(6%

JONAS CREEK

AVERAGE i

3.89 (normal)

8.9° (rough)

WHITEHORSE CREEK

3.5° (normal)

11.8° (rough)

4.19 (normal)

8.9° (rough)

2. 80

RANGE IN i

1% to 7.00°

7.0° to 12.9°

2.2° to 4.40

.single value only

0.0°'to 7.09

7.0° to 16.3°

3.29 to 5.6°

7.29 to 10.79°

single value only

119
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FIGURE 4-2 Repre.ent.tion Of How ¥, As, end V/Ten i Varies

With Normal Stres. (after Ladenyi end Archambeault, 1970).
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SECOND ORDER

FIRST ORDER‘ )
- DiIPS —

= 14,5

AVERAGE DIP lave .

OF 'PLANES

y B
FIGURE 4-5 An Example Of A Naturar Rock Profile (after Petton,
. L966)
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FIGURE 4%*4 A Representation Of How Fecker And Renger.' Measured

Surfwce Roughnes. Showing How Me: surements Vary With Scecle.
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COMPASS ASE

/4

FIGURE 4-5 Fecker and Rengers' Method Of Evalu.ting i
on Differenc Scalies.
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SCALE CM

Roughness Profiies Illhstrating The Various JRC Values
' (After Barton, 1977)
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‘ S
— 50 CM

—- —20 CM
—_— 10 CM> -
DISC DIAMETER

t

FIGURE 4-13 Results From Fecker And Rengers Approach At

Stations 1 to 4 At Whitenorse Creek.
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7
3
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Avg. S2 (e) = 10.68/10 = 1.07

IGURE 4-14 Schematic Diagram Of A Station With A Worked
\? \ Example Showing How To Find The Onerator Error.
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s(W)=1.356¢0.44 i

S(W) .

ERROR BARS EQUAL
TO | STANDARD
DEVIATION

L1 | L1 L1

4 5 6 7 g 9 10 112
i ANGLE " '

"FIGURE 4-13 Experi‘mentally Defined Relationshio Linking S(w)
With The Roughness Angle 1i.
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FIGURE 4-19 Compariéon Between Roughness Values Evaluated By

Fe@ker And Rengers’ Range/2 versus i, Values.
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FIGURE 4-20 Relationship”Between 1, Values And Z, Values

For Large Scale Profiles Measured At Jonas Creek

And Whitehorse Creek;
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PLATE 4-2 Air Photo Illustracing Thé Rough Bedding Plane Locations
At Jonas Creek. ' C
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‘PLATE 4-3  Air Photo Illuétrating The Rough Bedding Plane Locat

T At Whitehorse‘Creek.



Chapter  V

laboratory Determination Of Shear Strengths

.

Detailed geologic investigations ‘carried out in the
initial stagesdbf a slope §tabili£y, investigation beten
reveal a ser;Es of possible .failure modes joverned by
various sets of rock discontinuities. In order to evaluate
vhich set or sets of disc&“}lnuities control failure, and in
order to evaluate the slope sLability in quantitative terms,
the répfesehtative shear strengths 'acfing along each
discontihuity mu§¥ be estimated. The shear stgengths must be
evaluated prior to the onset of slope design.

A laboratory shear testing programme was devised wusing

conventional techniqugs to estimate values of peak and

"ultimate frpiction angles on clean, mating surfaces. of

quartzite and dolomite samples. The values of the gp derived

from direct shear test results were compared with peak'

frlctlon angles evaluated using Barton's technique outlined
in Chapter 4-2. The two values of fgp were then compared with
back calculated values of friction thought to be acting at

failure to find out how closely conventional shear tests on

145

i
:




%

146

small samples predicted the in situ friction angles at the
Jonas Creek and Whitehorse Creek rock slides.

In addition, an in situ shear test was performed on-'a
large block of quartzite, 4 m lohg,2.u m wide,and 0.7 m
thick, found on the slope beneath the north slide at Jonas
Creek.v This test was p%fformﬁpr to evaluate the Shear
strength acting beneath the block and to evaluate how

Closely the field determination of $#b + i matched the

measured shear resistance. Only one test was performed. The

results of the test were difficult to interpret, however, so
the test procedure and rééults, have been detailed in

Appendix A-2.
Conventional shear tests were also used»/tq evaluate
basic friction values on Several different surface

preparatlons using a technique outllned by Coulson (1972):

These viI were compared Hlth the ultlmate frlctlonfphglégg“

determined by direct shear tests of naturally surfac 

A¥
:., : =: o

samples and with sliding friction angles evaluaté@ ,usxngA ,

new piece of apparatus, the
angles are thought to be representat1ve»\of

friction angles. , _§

of

\\—/,

aa&

sumnmarizes and compares the

testlng technlgues.

T
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5-2 PREVIOUS WORK IN SHEAR STRENGTH EVALUATION

.

The most common mnethod used to " evaluate the shear

strength along discontinuities is the direct shear test.

Hoek and Bfay (197“) indicate that direcf/ shear tests
performed in the laboratory or in situ best sinulate the
loading ané‘failure cog;

hence are'fthe most appropriate of various testingu
techniques. Unfortunately, it has been amply demonstrated by

back analysis (Krahn, -1974), and by dirécﬁ shear tests on
various sample sizes that peak shear strengths measured

along discontinuities may be scale dependént4(Deere et.

al., 1967, Stagg,1968 and Hoek and Bray, i977). Figure 5-1

illustrates the scale effect on peak friction angles

evaluated by James (1970) and Pratt, Black and Brace (1974) .

‘The peak friction angles decreage by as-much as 149 over a

change in sample size from "~ 80 cm2 to 5000 cm2 for clean
jointed quartz 'diorite surfaces (Pratt,Black -and Brace,
1974) . James' tests (1970) were conducted on weathered

mudstone, a much softer material. The peak friction angle‘

did mnot vary as markedly with this material as with the

quirtz diorite.

Londe (1973a) indicated that scale dependency does not
influence: all test results.‘A joint in limestone infilled
with soft clay showed virtually no:scale dependence ovér a
change in area from 1.25 m2 to 4.4 nm2, Variations in

friction .angles caused by scale effects vary with the rock

N7

ditions which occur in the field and

P



N\ dependence.
N Thls problem of scale dependence is what gave such
\\\ great 1mpetus to deflnlng the fleld values of i to fit into

3 TR W T L gt g

. ".v,v
- .-

Tt
type- and the nature of the geologlc dlscontlnulty. Vvery

mooth tectonlcally dlsturbed surfaces such_as sllcken51ded
bedding surfaces, may* exhiblt very llttle scale dependence.
fC1ean rough undlsturbed beddlng surfaces cr joints in

relatlvei?\hard rock naterlal may exhibit con51derable scale

\\ Patton's (1966) eguatlon oﬁ

*s

¢ \4

N gp =gb + i s . . 5.1
Thé basic ﬁriction angle, @b, can be evaluated in the

laborﬁtbry‘ in several ways. Patton (1966)  advocat

v measuring @b ~ by shearing rough lSavn,~surfaces past:ench‘

other. Coulsom (1970) expended "on this method with an

angle. Cpulson recommended that @b be measured on surfaces

rqugh sawn then 1apped dlth #80 grit sandpaper. Barton

(1971),>recommended the//hse of #sahdblasted surfaces to
determine ﬂh. S (

P

Krahn (1974) note?/that a review of case hlstorles by

fpere et.' al., S}§67) 1ndlcated that the @b’ determlned on.

rough savn surfaceg was similar to the ‘g required ' by back
analy51s f&} a f;étor of safety of 1. This led Krahn to the
belier thatsthe best mg}hod of obtaining @b . vwas either
Pattor's oOr Barton's technique. S ’

- Tests _condacted during this thesis indicated that the

%iandblasted specimens gave similar results to those found on

exten51ve 1nvest1gatlon to further defnme the ba51c friction

S

g
K
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. surfaces 1apped wvith #80 grlt ‘paper (Sectibn 5-5). This

DNts. This angle,of 

A is 1ndepew§ent of

scale (Hoek and Bray, 197#, p 90). The angle i can then be. 35
evaluated_ln the fleld at the appropr;ate scale (Chapter 4) Ty
and addea to gb. In this manner a‘peak/friétioh angle can be
defined at- an appropriate scale even though‘sheas tests at
thattscale cannot be cgﬂzucted. The appropriate -scale has

A
‘yet to be deternined. |

€
p

& ' ., Hoek and Bfay (1974, p. 149) suggested that the shear
strength a;bng discéhtinuities could be estimated using, a
simple tilting test. The slope angle of a dlscbntlnulty at
whlch the upper half of a specimen slid from the top of the
lduer .half of the specimen is reqerded as.;he friction
angle. This teqhnique for evaluating friction is simple and
fast. Test resultsrreporfed by Coulson (1972) indicate that
gb is relatively constant over the normal loads found in
many- rock slope problems. For similar rock types (dolomites
and sagdstoﬂes); #b values varied‘less than® 3° on average
over a normal sﬁress range from 0.07 MPa to apbroximately
2.00 MPa. This indicates tha; fb is not’ noticablf stress
dependent. - | : -

| Following this, Cawsey and Farrar (1976) published a
short discussion pertaining to the use . 'of this apbaratus;
‘They attemptedv to measute the peak frlctlon angles actlng‘
along naturally zough surfaces qf s%ff Chalk‘ samples. They

&"
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‘evaluate §b on smooth unweathered

150

v

suggested that this test simulated the in situ_conditions of

'failure as closely as a confentioﬁgl drained direct shear

R

test. They concluded that the tiltigg table successfully
measured the peak friction angle of the samples as the

results were equivalent to thng found by previous authors -

4

- et < ) . c o P
.using conventional drained direct shgar tests and triaxial

tests. Hencher (1976), however, _dismissed this comparison

L)

and stated that although the results vere similar the

mechanics of failure for the tilt test were not equivalent

to the mechanics:of the conventional tests noted above.

Hencher (1976) also investigated the use of the tilting
table apparatus. His sampiés,"however, unlike the soft Chalk

samples, consisted of artificiallj prepared surfaces of hard

<r

. rock, similar to those tested here. Hencher concluded on the

-

basis of his%tegts that the tilt table is a useful research

tool which §ields results equivalent to those obtained using

~direct shear or tridxial test$ on hard rock.. o=

o

Barton and Choubéy (1977) also ysed a tilfiftable, to

e 9t

rock,fsurfaces. They,

Y

.s§ggested,that for artificial sur faces this‘tesf yiélded the

mineralogic properties of the ‘samble' beca®wse for all

practical purposes% the surfaces were non dilatant. Barton
and Choubey (1977).used flat sawn surfaces to determine gb.:
The actual Loughhess of their. tést surfaces 'was never
quantified. It would appear to be ﬁhe eguivalentwofl a sand
blasted sufface as tﬁe #b values reportéd vere'apgfoximately
30°, similar to the range of valués of gb reporﬁéd by

¢ 4
X



involved in the failure, did not. vary ' notlceably .in ;'
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e
Coulson for a sand blasted surface on various rock types. -

Barton and Choubey (op. c1t.),°also performed tilting

 tests on naturally.rough samples endlfound that the results

Qere difficult to interpret.-The' maximum angle neasurable‘
was a . function of tne sample block configuration. With
naturally rougn surfaces the tilt table often 'was inclined
to the point ‘%that the normal resultant fell outside the
middle thir@ of the base of tne slider, the upper\olocﬁ- was
free ™ to fail, and henée-induced tension near the’top of the

blogk This resulted in a topplinyg fallure vhlch could notA

'bev evaluated in terms of a- slldlng friction angle. As a
 result,’Barton and : Choubey recommended that the tilt table

vtests should not be attempteﬁ in the caserf‘Paturailyirough

@

joints. 'Sinilar_,'results' were found in this  thesis

investigation..

5-3 SAMPLING LOCATION

The geolog1c 1nvestlgatlons undertaken at Jonas Creekf
and outllned .in . Chapter ' 2, 1nd1cated that the rock type

o

conposition throughout the slid mass. In addltlon fallure

v

‘occurred on several beddlng ,surfaces, NoO single unigque

St

bedding surface or other: 51n§$b geologic dlSCODtlDUlty, such
as - a shear zone or a fault was responsible for ‘the fallure.'t'"
All of the bedding surfaces examined on"the failed ‘slopeeﬂégg.“

were indistinguishable with respeét to' mineralogy"énd&

ks
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— roughness. It was thoﬁbht, therefore, that anj bedding

surface would yield shear strength values representative of
‘the shear strengths acting on the slope at the time of

failure.

. The rock slides at Jonas Creek are easily accessible as

. the. Banff-Jasper Highway actually traverses the slide

debris. Samples could not. be obtained from the actual

»'failure-’surface which is 1located 4 km northeast and 1\Kh

vertically above the highway. The area between the failure
plane and the road is covered with loose blocky debris which
. ) E s . ST . .

‘makes vehi@%{‘ access impossible. This prevented the use of

any meéchapical drilling apparatus for sampling.
~ + In addition;thé'large'size of the blocks of quartzite

existing -on the failure surface; coupled with the high

. degree of interlock between blocks ‘made sampling and
// -backpacking of. thev samples to the road impossible. The_',‘

.interlocking was caused by the sdtféce roughness on the;}

mating discontinuity halves. This held the rock together
Llike -a jigsaw puzzleb’,As ‘a result, blbck.  samples
approximately 50 cm square by 20 cm thick containing

_ . . : = L
representative bedding discontinuities were retrieved. from

the debris directly below the centre of the north rock slide

.on ype nof£heast side.Sf the highwayA(Elate 2-2). The sample
surféces uithih _these blbcks ali appeared to be similar in
_mineralqu and ;oug@ness to thoée surfaces wexposéd on‘ the
“failure surfécg; ' | |

At White&orse_ Creek a gquarry road allowed vehicle

-
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o

access ‘to the rock slide debris. Once again hqweuer, it was,

impossible to gain vehicular‘access to the failure.surface
so samples could not be retrleved by drilling apparatus. In
addltlon, ‘blocks in excess of 1.0 n near the failure
surface prevented hand sampliug and bdézpacking ‘of the
samples to the road. Block samples were therefore taken fron
the centre of the debris pile on the north side of the
access road (Plate 3-2)

'a' The failed material all belongs to the Turner ‘Yalley

Formatlon. Examination of the stratigraphic column (Figure

' 3-4) indicates that ' several 'sub-units existj within the

. o - X .
formation. The failure surface again consisted of several
bedding planes and it was concluded that' ‘Do 'single

discontinuity was responsible for fallure. The beddlng
. - . -

_surfbces along which failure occurred were 51m11ar in nature
and/appeared to be contalned within one rock type of the
Turner Valley Formatlon. Vlsual examination of the ro?k\glpé

- around the fallure surface was 'made before samples vere

cdllected Samples were then located Hlthln ‘the debrls p11e

-

with beddlng surfaces which resembled as closely as p0551b1e

those surfaces found at the failure plane. The samples

varied from 50 cm sguare to 75lcm square and were between 15

to %5 cm thick. Several bedding discontinuities -uerevf

sampled. S _ ' 5~»13§§§m_

5-4 SAMPLING PROCEDURE

The sample blocks very uall joass ‘Abedral in outline .




ar

5-5 SAMPLE PREPARATION

- The beddlng surface

;approxlmately 'mld hei'HQ of the sample. Sample

W . e 3
oy . . o 9
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due to near vertical orthogonalvjoint sets which pervade'the
rock mass. Samples chosen were split open along existing

dlscontlnu ies‘ in the fleld using a hammer and chisel.

Samples whigg failed to break .~ evenly, or yhich' revealed
'diddlng surfaces dissimilar_to thoSeAfound.near the failure

plane, were discarded. Both halves of the sample were then.

repositioned in their original 'codfiguration and bound

tightly together with fibre reinforced tape ' so that no .

movement COuld\fake place along the failure surfice prior to
testing. The sample was then wrapped in 2.5 cn thick ‘rubber
foam and transported~to’the laboratofy. » '

“hé jbiht‘ Surfaces were sampled as failufe had taken

place along beddlng surfaces. The debris plles were searched

thoroughly but ‘noa trace of dlSCODtlHUltles other‘ than

tension 'joints or beddlng ‘surfaces were found anyvhere

within the,deb;is.pile..

o,
The large block samples sﬁere kept wrapped in flbre

O \

'-féinforced tapef‘to mlnlmlze movement durlng trlmM1ng on a
Wﬁater'cocled» diamond -saw. The large fleld hlocks 'were

‘trlmmed tomform 1nd1v1dual 5 ce x 5 cm x 7 cn h1gh samples.

scontlnuitles vere  located, -at

dlrectlons were determlnsa prlor to trlmmlng 5
S : i '
samples from “one block were sheared in the same dlrect

Coa . . S - P \.‘ B ,\._\ 7;4 .
o . i . o ¥ ' -
] . N EER - .
: . - i e .
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The'sheaékdiréction was,ian'!ed by tﬁe 'pPresence. of nmicro
joints, small stepsrvarYing in height from 1 to 5 mm, on the

discontinuityu surface. The nmicro jornts were similar ian

orientation to other micro joints, and macro joints 1/2 to 1

m h1gh found on the actual fallure surface (Plate z-u) All

the jqints examlned in the field stepped down through ‘the

i I

stratlgraphlc column as:elevatlon decreased and so failure

always occurred by opening the vertical joints which were

strlklng parallel to beddlng. Using. thls crlterlon the shear

direction in the 1lab was.always defined as the direction of
least resistance whlch opened the near vertlcal mlcro j01nts
in the sample. Thls corresponded to the down dip dlrectlon
of the bedding plane‘in the fleld._

It was‘,impossible to %ut the rock samples accurately

enough to fit dlrectly into the direct shear box frame' and

so the samples were dellberately cut undersize. - The"

dimensions were slightly less than. the nominal dimensions

cited above. The trimmed Samples. were then cast in

Randustrlal Bolt Anchor Sulfaset in order to standardlze the

size and orlentatlon of .the small blocks. Flgure 5 -2 is~ a -

plctorlal summary 1llustrat1ng how the- samples were cut and

/__\

molded. This ;;/reported 1n.detai1\dnzAppend1x A-3.

. The bo&tom—ﬁaigbs of the samples were llghtly sanded by

hand to ensure a proper snug f1t in the- bottomtpalf ‘of the .

shear hox. The upper half of the samples were sanded
under51ze on a belt sander so that 1.6 mn thlck Teflon

strips could be 1nserted betwveen the samples and .the upper

Ay
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shear box frame. This‘insured’that dilation of the  upper
sample half could occur without belng hindered by the
1nteract10n of the steel box and the Sulfaset casting..

Samples with pnatural surfaces were used to evaluate
peak frlctlon angles on the small scale..During casting and
.sandlng,~ these natural surfaces were protected from
contamination by a layer of brown paper held in place by
masklng tape. Thls/;as finally cut away and the surfaces
cleaned with compressed air blasts prior to testlng.

Samples whlch‘uere used to evaluate the basic frlction,
angle were castbin a similar'manner. The lower half of the
=diScontinnity shear surface was either vsand blasted or
sanded .with clean sandpaper on' a belt sander asv a final
"step.' This slnsured a unlform surface with little or no
roughness on the 3 to 6 cn scale.‘ Eompressed air vas used to
clean this surface prior to testing.

Upon completion of casting and sanding, the sanples
‘were: attachedkﬂto ‘a stationary ’platform and a mechanicaf
tracer was used to record three disccntinuity profiles ﬂ@%“qm ;
eacn sample. The ‘Trock surface profiles'were traced by a
netal stylus which was pulled over the rock suﬂface at a
constant rate. The - stylus was attached to, /a_ linearly

vertical

variable displacement transducer ' (LVDT) ,and_i

displacements of the stylus.tip were contlnuously recorded.

"‘5
The resultlng profiles vere traced by an X- b4 récorder. Some

example .traces are shown in Flgure 5-3. 4

Krahn | (1974) devised| a method of ~evaluating the

.1':~
*

s,

oy -
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.
roughness of a rock surface by digitizing the roughness
profiles and calculating various mathematical parame ters

such as CLA, RMS or 22 and Z3, to represent roughness on a

scale of’ 0.01 n to 1.0 m in order to define a correlation .

between peak friction angles and 'surface roughness. He

eoncIuded however that the tlme and equlpment demands were

too great to warrant further pursult of. thlS method. Direct

’sgﬁar ~test results fronm samples upAto 0.3 n square, the

practical limit for shear testing ‘at - the University of

Alberta laboratory, were easier to Obtain than trying to

predict'friCtion’angles on the bas1s of surface roughnesses.

-

In order to estlmate the surface roughness of the 5 cn

- X 5 cm square samples prlor to testlng a straight edge and a

modlfledl protractor were used in conjunction-:with the
graphical output profiles to evaluate the average i angle in
4 manner similar to that used by Patton (1966) on his field
profiles.

| In order to evaluate the uniaxial compre551ve strength

of the materlal 2. 5 cn dlameter cores ‘were drilled fronm

1ntact “samples of rock u51ng a mOdified drill press. Cores
' were extracted both parallel and perpendlcular to bedding

surfaces. The cores were then trinmed to a standard length

of 6 cm prior to testing 1nva point load tester.
Small'plates_of'intact rock material approximately 15

cm long,10- cn wide and 2 cnm thick were cut from block

samples. of both the gquartgite and the dolomite. Various

technlgues ‘such as sandblasting{'sanding or | polishing with
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different grit sizes were used to prepare the surface finish

‘of these plates. The plates were then.used as the stationary

plates which were anchored to the tilting table. to define

sliding angles. The samples cast in Sulfaset to be used in

direct shear tests were also used in the sliding tests as’

the mobile slider blocks.

°

5-6 TESTING APP EATU AND PROCEDURE

The direct shear test apparatus used to test the 5 cm x

\-
v

'5 cm square samples was designed and built at\the Uhiversity

of 'lberta. - Shear deformations were'app Yed at a constant

strain rate to the lower half of the shear "box by a worm

gear connected by a chain drive to an electric motor.
N _

Horizontal and vertical deformations were recorded using

LVDTS. The normal: load was applied by a dead weight lever
. = .. 7

arm sYstem. shear load and vertical displacements wvere
simultaneously recorded versus horizontal dispiacements on a

dual channel Heulett Packard X-Y-Y' recorder. f

| J

The shear load was measured on the upper half of the
shear rox by a 8.2 KN capacityA q1oad - cell manufactured by
Transducer Inc. The upper half.of the shear box was
supported by exten51on arms with roller bearings attached to

movable stalnleSS'steel shafts. This arrangement meant there

‘ was no contact betveen the upper and louer ~halves of = the

shear box and so all the shear resistance measured was

generatea along the discontinuity only. This, arrangehent

Yy
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also preueuted rotation of the upper shear box, a phenomenon
which Plagued earlier versions of this apparatus. Gonman
(1976) notes that the majority of direq& shear nmachines
prevent rotation of the sample. '; /

This‘ arrangement also has the potential of increasing
the normal stress acting along tLe discontinuity. Although
the wupper shear box was~prevehted'from rotatfng; the sample
within the_upéer box was still +trying to rotate. It was
thought prlor to the start of testing, that the upper sample
could thus jam in the upper box. This would prevent dllatlon

and increase the normal stress.\ Conseguently, the upper

sample was sanded undersize and 1.5 mm thlck Teflon strips

" were inserted between the sanple -mold and the steel shear

-box. r . >

-/

Tests were conducted to discern how the shear strengths
evaluated in the new non-rotatlng shear box differed . from

results in which rotation had been allowed. Eight samples

—

from a suite of rocks taken from an open pit mine, tested in

1975 using the old configuration, were tested. The . peak

friction angles were identical to those measured previously.

In addition the original samples. vere retested and the -
results 1nd1cated that the ultlmate friction angles had not

changed During the testlng the dilation of the samples was

wmonitored using an LVDT. The results indicated that the

Ailation rate was continuous and 7;smooth,. therefore no
e - A

jamming or dilation suppression was occurring. There was no

evidence of jamming or surface damage either on the upper

\
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sample mold or on the Teflon strips. As a resylt, it was

concluded that no increase “in normal stress was‘occurring'_fﬁx”

during testing and that‘thevéheér"box gave tepre;entatigé.
shear strehgths.b Dilation values that were measured dufin;
shear, hqwéver, vere thought to be more accurate than values
obtained in the oi@ box as no component of rotation about
projecting aéper%tfégxgas allowved. |

| Samples ‘wef;.insérted into the lower half of the shear
box in a mated position. The lowver haif of the sample ;Has
forced into the sﬂear box frame to ensure a snug fit. Oftén
the sample had to be fo?cibi} reﬁoved after the test. The
upper “half ‘of the shear box vas careful;y lowered over the
upper half’of the sample éﬂd secured by the:removéblé stéel
rods. The verticél load-wagrthen applied to the sample via
the hanger system. The vertical and horizontal LVDT's and
the horizontal load cell were placed in gosition and sécured
such fhatu all were g<et to record maximum deférmations and
léads. The X-Y-Y' recorder vas started and the initial load
cell and LVDT readings were recorded. Shearing was initiated
and all loads.and defo:ma{ions vere monitored. The samples
vere sheared appquimétely“O.? cm in omne direction before
the horizontal deformation direction was reversed.ﬁ The

sambles were then sleared 1.4 cnm in the opposite sense

before being sheared back toytheir original positions. The

e

R

nprmal load was held constant throughout the test. Peak™

shear 1loads occurfed after only 1 to 2 mm of shear. As a

result normal stress changes were not great.
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Testing of tHe rock cor®% to define the uniaxial

compressive strengths was relatively easy. The 6 cm long
rock cores wgre Placed between the con1ca1 plattens of the
point load tester such that the plattens were across the
dlameter of the core at the m1d length point. A hydraulic
ram system was used to apply a force between the plattens
across the oore diameters. The maxlmum force applled across
the plattens, whlch caused failure of ‘the rock, was measured
on a° hydraulic dial gauge. The force measured was then
converted to the uniaxial compressive strength of the xQck

e
materials.

. L3

,JRvaaldes, which are also a necessary component needed

to deflne #p using Barton's method,. were evaluated from the

xraces of pr@&ileS' measured from the direct shear test

specimens. The roughness trqces were then compared ulth the

Standard traces developed by Barton (Flgure 4- 10) and a JRC

value for each profile ‘was estimated.

: Slldlng tests were conducted u51ng a new tlltlng table

’anparatus which was bullt at the Unlver51ty of Alberta. The
; table Ymas a very simple piece of equipment which consisted
nof a- heavy steel box constructed of 1.25 c¢m ‘thick steel
'plate Hlthln uhlch there vas a rotatlng plate hlnged at one
fend; The, opposi'te end of the plate was connected to a finely

'threaded rod by a universal joint so that by rotating the

threaded rod the table could be tilted. The wvhole tilting

'table could be securely clamped to a lab bench to eliminate

vibrations. A nmetal pointer attached to the rotating table
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neasured the angular rotation on a fixed protractor.‘

Clanps were attached to the rotating table to securer-
s ‘

- hold ' specially prepared hlocks of  rock, referred to as

- plates, in a flxed positlon._a rockysanple' vhich. had been‘v‘

-

cutx7and” nolded for dlrect shear vas then placed on the

\

.honlzontal plate. The sanples, referred to as sliders, had
‘:elther natuﬁal- or sand blaqted snrfaces. The horizontal

. /’ )
table uas then rotated at -a constant rate untll the upper

d block or sllder slld dovn the 1nc11ned plane.

-The angle at’ thCh slldlng occurred Dwas used to:

3 represent the angle of frlctlon betueen the moving .slider

P

'rand the flxed plate. Plgure 'sfu -111ustrates the simple

.,staticsninvolved. ,

In the case: of sliding tests on natural ‘surfaces, the

" two matlng halves of a dlrect shear test salple vere placed_

‘on the“tiltlng table in a mated posztlon. The lower half of\

) the sample 1Hasv clamped to the table so that the average -

fallure surface orlentatlon wvas horlzontal. mhe ‘table vwvas

.//

- ‘then ralsed untll fallure occutred.

cn sa:pdes»uith ‘natural surfaces . taken“fron
'fpiles. fiorral"loads»vet ‘ aried'frOl 0. 05 to 0.

oorresponded npughly to a ‘normal )oad range i

s - - "
’ i : o K
: RPN 4 »

I ; i ' )

5-7 IESTING PROGRAMNE * °

[

'

Dlrect shear tests to evaluate the peak friction angles"

ahd ultilate friction angles were perforledoon '30 5¢cm x 5

the debris

‘MPa. This

LR
d by 0 ‘to
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34 of rock; The'maxinun thickness of rock thought to have

bqen overlylng the fallure surface vas 30 B so the norlal

loads applled ea51ly enconpassed the range of .normal loads
actlng in the field. All the natural discontinuity surfaces

tested were bedding surfaces along whlch no dlscernable

movenent had taken place. 7

N,

Fourteen. dlrect shear tests were also run on a , variety
lof artificial surfaces in order to define the basxc frlcg;oﬁ

v "o! teéﬁ.hg

angle; The ‘nornal loads used durlng.thls stag

also ranged from O. 05 to 0.8 HPa. The upper hglves of the

’
.shear test ,spec1mens vere’ aluays .sand

>

’laSted,surfaces~'

whereas the louer halves of the speci_ consisted‘.ofﬁ a -

varlety of roughnesses.f Thé. sand blasted SpéClmeDS vere
con51stent1y used for the upper block to avoid the problems

of stlck slip assoc1ated vlth shear tests performed betveen
two smooth sur%?hgs (BoudenE@nd.Tabor, 19501, ) : L j 2
W \xgyf : . o '

-In addltlon to the ddrect shear tests ‘a series of

tiltlng table tests were rMn on sanples Hlth art1f1c1ally]
preparedwsurfaces. fhe Vobjectlve of fthese tests was to
investigate the p0551b111ty of eialuating #b in a simple .
fast.nannerf The @b values from thé tilting table tests vere
- compared ‘sith"-the ﬂb values_ evaluated using. the nore;
conventional »technigues. hll»the samples used in thisﬁpart
7of'the testing} programme ~ werée taken froam one block of

dolbn;te or ohe 'block” of quartzlte in onder to ganlmlze _
. _ i W
- »v . ) E L \p o ?@D

':r‘j‘u :

'nlneraloglcal dlfferences.“

T )

\'é;f Lot ' K
yery loy RN
2 oD ‘

J

It uas origlnally thought that dueﬁvtoi the
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normal :loads imposed on the tlltlng table tests even micro
L]

roughnesses would alter the angles of slldlng and that ‘inf
,order to remove the topographic effect very snooth plates '
%ﬁa_ would ke needed. nghly polished platesl of dolomlte and
vguartzlte 'were prepared- u51ng -a spec1al pollshlng technigue
used in ore mlneralogy. Sanples vere ground smooth using
progre551vely flner grades of carborundum gr1t and flnally
,pollshed u31ng tin oxide. on a v1brat1ng table covered 4w1th
felt cloth. Naturally rough or sand blasted samples vere
lused as sliders on the very. smdoth pollshed plates in order
to ellminate th " effect of stickﬂslip found:between two’
smooth surfac;s.‘_ o . “f,@_ ' ) | o
The initial anglesrecorded during these tests Muere
much lover than expected. As a r‘sult.othergpla%%swuere?
:prepared Ulth art1f1c1al surfaces of' various roughnesses.'
These Flates wére sanded ulth '#80 grit sand paper, sand
95% blasted or lapped w1th £200 grlndlng powder. . The- varlous
\values of sliding angles were then comparedavlth the angles
recorded in dlrect shear and by other authors (Patton, 1966
and Coulson, 1972 ha Barton?\ 1971)..Slld1ng tests werel
e performed on the pollshed surfaces -and some 'sand 'blasied
surfaces in_ both a dry envrronment (RH. = 10 X) and a wet
’% renv1ronment (RH =100%) at 25°C to 1nvestlgate the effect on
) tlltlng table resultsa, The;majorlty ofkthe tests were run
dry at 25°C. B o o ' 4 R
Naturally rough samples uere also tested on&the tlltlng'.
'table. These sanples wereg aluays naturally rough aatlng.,

,;3 2, F~«

e
@
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surfaces which were taken from. the set ‘of direct shear test

w

~'”A -

-

specimens prlor‘to shear testlng.
. ‘
The, testing programne associated with the ~point ygad

tests consisted of breaklng seven 2. 5 cm dlameter cores of

quartzite and five 2. 5 cm dlameter cores of dolomlte., All

A

cores tested were 6 cnm long; The cores vere allowed to air

dry for 30 daYS after being extracted.from theﬁblock; sample
by . a uater -cooled dramond drlll. The cores. were thea tested
hin,a relative humldlty of 10% andg a tenperature of’ 25°q.
 ‘Cores were extracted from the rock poth parallel "and

A

perpendlcular to bedding surfaces to, 1nvest1gate' the range

.uégﬁgr,»«;\ .
d;rect 'shear test results were recorded
onto the X—Y -1 recorder and the4 peak sheara load
T*p,' tﬁe ‘ultipate shear 1load, T ult, and the respectlve
dilaticﬁ angles.i,’were~ all measured _directly from this

ﬁgraph.

The peak shear 1oad5 measured in the dlrection of - 1east‘

~

:re51stance, wvas taken as the maxlmum shear ,load thch

occurred durlng the flrst deformatlon cycle. The ultlmate

shear 1oad was evaluated near the graph's orlgln where the

dilation curve indicated that there vas no influence in ;the

i amgle” ‘(dy/dx=0). The ultimate valuestere recorded fcr

both directions of shearing and then Vaveraged,ss This
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ellmlnated any variations in shear resistance caused by non.

: horlzontallty of the 'disgontinuity ,surface due to

misalignment_ of ‘the bedding surfaces in tﬁe ' mold. The

- ®

ultimate shear strengths were recorded after approximately

ot

2.4 cn and 4.8 cm ofs,displacément; Figure 55 1is -a

representative example of one of thesezgraphs. All of the

test results are included in Appendix A-3.

The shear loads ‘measured from the graphs ‘and the

vert:.cal loads applled for each teﬂ ‘uere dmvfded by .t_he

(2
iginal nomlnal surface area of each sample, measured pr;or

,'testlng, to conve;t all loads to stresses. The resulting

w\ﬂ {

¥
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oy

peak’ and u1t1mate ginesses are summarlzed 1n' Tables & u-ta¥7*

.o e
and l 4-2 in Appendxx”éigﬁ : \ ‘! o S
\ N
i dertaln amoqq; of slack xn th deformatlon system uas

e

recorded‘on the X-Y-y! graphs anggls labelled %%&Flgure 5-5.
]

Thls slack vas inherent in the system and ‘was 1mp0551ble to

e11m1nate. Yo

T
*

: o

The‘resulting values of normal stress and shear - stress.

vere plétted on Mohr-Coulomb diagrams and shear strength

Venvelopes”uere fitted to the data. A straight line envelope ~

o

"defined kbj)T =a (0) éa(1)N,'and a power law envelepe defined

by T =aN exp.b, vere tested ‘using . simple regreSSLOn

anal&seSa _1he term: ekﬁ\ b means raised to the. power b. In

*'all cases the normal stresses, N, weré assumed to -he known

Aaccurately. Confidence llmits uere then deflned for the besth.

Cfit 11des by asgéiing that all dev1at10ns from the best fit

11me were due to varlations in shear ‘strength .values. ,Thé‘

- A

.
. . + . R SRR 2 @ .
" v4 . . . - - - N .
B P . . - B 3 . - T . ol N
» = B ) . oo B . o - [ . . .
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shear strength data are sunmarized iw Flgures 5-6 and 5-1.

In order to establxsh how closely the peak and ultg,@te
data.. points were described by a stralght llne the Power law
curvestfefe altered to the form of log T —1og a +b log N. A-
linear regre551on aqply51s was performed o

S
the 95% confidence tlmlts for b

“this data and

\

”established.; Tne

ere

’ results 1nd1cate tHat for the Jonas Creek peak and ultlmate

-
e
Y

N
fit line had “an ex

values and for the HHitehorse Creek’ the
exponent b could equal 1. The Whlteho pe gl val ves,
however, ranged from O 423 to 0.875 ( best

S,

P

line is shown in Flgu

¢ Both the power nvelope nd the straight 1line .

«

: AR N e o :
envelope. appear. to fit itﬁe‘ data  equally _welltover7the

-céntral part of the graph.

Ihe straight llne Mohr-Coulomb envelopes for the‘ peak

z

and ultlmate data p01nts for both the Jonas Creek and the';

o
-

whltehorse Creek samples did not 1ntersect the orlgln of the p
graphs and small values of*gohe51on were obtalned. Slnce the

sample halves had been separated prlor to testlng these
By o
valu S do not reflect a. true ,cohesion mechanlsm.»The‘90$"v

©

confidence limits for the cohe51on-.~1ntercepts*‘ were

oalculated ~and the resultJ implied that forihoth'peak,and :

ultlnate Jonas Creek values, and’ the ultlmate -Hhitehorse -

Te

. P . , : .
'Creek valué‘? the value of'“c could be .zero.-‘The 95% .

(&3

confidence llmlts about the' coﬂFsion value for_ the peak
ot v :

'-Whltehorse Creek data,‘lndlcates that the value of cohe51on

. > .
<R : . . : 2 > o o . H



peak
direct
values,

predicted

 (Chapter 6) .

',each

. found 51m11ar results and concluded that-

"dlfference 1n surface proflles of a sample

~and

'ptests,

o . 168

could also~’9.zero.. . | B

Table 5-2" summarlzes the shear test results for natural
and art1f1c1al surfaces and these results 1nd1catg that

‘and basic frlctlon angles are vell. w1th1n the values

recorded"by rprev1ous authors uho;.conducted small scdle

shear tests (Krahn 1974 and Coulson, 1972). The peak

:houever, were cshs1derably hlgher ‘‘than. those

on

<

The small scale roughness of the proflles recorded uere

v1suallzed as belng caused by a serles of smafl asperltles

whggh 'could “be

,of .represented by ‘an;f andde. The
5 : . , . C
average i angles for each p;oflle were evaluated “and

_compared Wlth the other two proflles run on each sample. All

vwere found to - be of 51m11ar roughness. Krahn (QQSH' 197&)

A\

roughnesges taken

anyuhere on one sample would not be 51gn1f1cantly dlfferent. fd(

Ty Krahn also fpund that there was a signlflcant

.\.

afteq shearlng (FiYure 5~8).
ﬁproflled= before

-

Creek, hdwever,

; »pangles recorded Table 5 3 summarlzes the ffangles\\fiasured

~

S

hbefore and after shear. In the case of dolomlte samples from

: ', g o E > fl . ar . . . .
. . .
. . B .
oot - . . -

‘the’

the ba51s of back analyses of the rock slldes-

-measured before

5ix samples'fron Jonas.

"showed ‘no 51gn1f1cant dlgferences between the i

%

and. after dlrect shear'*

»*

Rt

Y
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whitehorse Creek surface damage during shear vas

considerably greater than that found ;in"the Jonas Creek

‘samples and in many cases this led to snall pleces of 1oose

‘rock being.dislodgedAfrom“the surface. - Hhéh profrles vere -

run on these ‘surfaces the various sgfes of crushed rock

would loosen and interfere&with the”stmlus o; the roughness

profiler and cause~binding. This led to non-representative *
4 _proflles. In some instances the steep, vshattered~‘surfaces
IR LR e ‘

¢w appeared rougher afteQ\\shearlng. After three abortive

attempts to measure the post shear roughnesSdon the dolomlte'

K

samples this procedure was. Stopped, R

The i angles evaluated ‘Fuor to shear for each sample

were averaged and tabulated in Table 5— . The,correspondlng-
i angle for each sample.measured by -dilation during .shear

vere also recorded The samples from Jonas Creek exhlblted a

\

straight 11ne relationship between the two methods of

measurlng i as shown in Flgure 5-9. However, the amount of
'scatter surroundlng the -best fit stralght llne prevented the

;ﬂse of this .method 1n a-predlctlve capac1ty. The samples

from Whltehorse Creek showed cons1derably more scatter . than

.the Jonas Creek results. The 1 angles evaluated in. proflle

were considerablyclarger than  the i angles measured durlng )

4

'shear; This = poor correlation between. the i angles was -

o

probably due to the crushlng vshearing through of the'

_small steep asperltles. The very hard quartZLte from Jonas

TR &
Creek did not crush easily and areas of surface damage were

small, These areas. were approxlmately 1% of the ‘area of the

"‘“ »)n . .
: q< S e e
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shear surface. The dolomite samples, hovever, exhibited ‘a

much .larger area of surface damage. The area of surface

~ damage was very hard to evaluate for the dolonmite samples

but appeared to uary from 10\to 20 ¥ of the area..

1

Ladanyi and Krchambeault (1970) proposed equation u.u

{(as = 1-(1- N/Nt)1 )3 to predlct areas of shearing through

-+

‘(AS).,Assumlng a - tran51tlon pressure of 100 ‘MPa and a

‘maxinum uomnal load - 1.5 MPa for 'the Jonas Creek

quartzmpﬁy’then the p redlcted maximum area of shear "is

'approxlmateiy3§.2$. .

ﬁz Assu%? that the transition pressures for dolomite and

W

quart‘z:.te:tm ry in the same. ratlo as the uniaxial strengths,

1

then the N/Nt ratlo for thtehorse Creek is ~ 1500/33,000

174(Sect10n ' 6- 9). The calculated shear area lS 6.7% or 3 tlmes

greater than that expected for Jonas Creek. samples. (Tp/N)°

for each sample and the correspondlng i value measured by

v

dilation at peak shear load were recorded. The resultlng

~jrelationsh;ps, 1llustrated 1n Flgure 5-10 1nd1cate a 51m11ar

trend to that def;ned by Barton (197“). Barton 1nd1cated

~that there was a relatlonshlp llnklng the Ppeak values

measured durlng laboratory shear testlng w1th the i values
measured at the p01nt of peak shear by dllatlon. Barton

attempted to~-show that the relatlonshlp of" Qp-ﬁb =

"21(d11at10n) represented the behaV1our of artlflclal samples

tested -in thev lab. This relatlonshlp also . apPeared to
represent the results from Jonas Creek and Hh;tehorse Creek.

Theé results of~thlsvcomparlson 1ndlcated‘that the approachlk-



171
f )
used by Barton to -predict the lab shear strengths on the
basis of gb + i \aCCurately predicted the relationship
between the i measured duriné shear and the i‘meaSured prior
to shear. , | o | : L
_qh, : ot . o J’

5-10 RESULTS OF THE POINT LOAD TESTS ‘

e e — e s r—— S —

- . - . »

The maximum force F, applied across the conical

2 ‘.'- R . ‘ - "

plattens of the point load tester was recorded for each rock
core tested. The force values were then divided by the

_————

‘s§u5fe of the core diameter to convert the forces to stress
ugits;. * o o -
I = F/D2. »-M  5.2 L
The I value, in_this“case evaluated fqr a core diameter D of |
25 mm,vwas(then modified uSing a graph presented by quch &§§
and Franklin (1972)fto give an I value fbfﬁé éoré diameter |
‘of §O mm, the standard around which the/test.was calibrated
by Broch and: Franklin (1972). The wuniaxial compressive
strength of the rock material was thenzéi;en by o A
c=241 . S 5.3

Thé uniaxial strengths fof_\the cores were highly
énisotropic and depgnded-greatly upon~;héther the sample ﬁas
spliﬁ parailel or éerpendicular to bedding. The values are
summarizéé ‘in “Table 5-5. The values of - ‘the uniaxial
strehgthshbt; ~ﬁhen us?d in Barton's generdlxequét{bn with
varibns'values of p6rma1 load, yield " varisus values of i

given by
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i= JRC log 10 (c/N) . ¢ 5.4

* )

which often 1lead to a curved Mohr envelope. The value of i

"is modified by an empirical évaluation of roughness, ythe

Jjoint roughness. coefflc1ent (JRC) In ‘cases where weatherlng

_ has occurred the uniaxial compre551ve strength of the

material 1s replaced by the joint compre551ve strength (ifS)
of the rock (Barton and Choubey, 1977). The: discontinuitf

surfaces at Jonas Creek and Whltehotse Creek were not

”hotlceably weatﬁgred so the un1ax1al compressive strength

! values were used «

)

One further moddfication must\'be nade. When dealing

Hlth very low normal loads such that th of (C/Nl is
‘a A

greater than 190, where kg is. the ' undaxial compressiip

strength of the material and N is the normal stress for .

which the -shear» strength is being evaluated, then Barton
(1974) Tecommended using a straight line from the orlgln to
the point deflned by c¢/N =100 to define the Mohr—Coulomb

envelope. All the results from Table 5 -5 1ndlcate that for

" the maximum’ normal loads used . in the direct shear tests (0.8

~MPa), the fatlo of C/N should be replaced by 100 and a

stralght line envelope used. ‘
| 051ng the value. of C/N=100 Barton's eguation ’for i
51mp11f1es to ;
i = 2(JRC) LI 5.5
-« . . T - .

~

Bartonn.(197u); 5originally‘evaluated the‘ih&'of_a”f%ck'
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sample by qualitatively comparing .the trace of a
discontinuity surface with three rodghness profiles having

knovn JRC values. Barton and Choubey (1977) 1later refined

the dRC values and presented a sé: of tep curves with knovn -

JRC values (Figure 4-10). Using these curres in comparison

with the profiles of ~the rock samples made earlier,
estimates of JRC were made for Jonas Creek and Whitehorse

Creek sample profiles. The mean and standard deviations of

the JRC values for all the profiles grouped were'9.4°9: 4.40°

at ‘Jonas Creek and 16.7°% 3.1° at Hhitehorse Creek. These
corresponded to i angles of 18. 80+ 8.8° and 33.40t 6.2° -
(Equation 5. 5) . Peak friction angles were therefore given by

48. 8°:tk 8. 89 and 58.40%+ 6¢2° assuming @ basic values of 300 .
and 350 reSpectively. The peak angles so defined ,were very

close to the peak friction angles of 48.1°% 3.50 and 51.6%%

7.0° evaluated using the direct shear apparatus.
\ O -/ '
5-11 TILTING IABLE IEST RESULTS ' A

L

‘The4ti1ting table tests were originafly intended to be
used as"a fast meansv of establishing @b uithout u51ng a
direct shear box. Thl$ type of approach could perhaps be
useful during' preliminary ;investigations. Results can be

obtained at‘lov cost'within 1 or ;2 hours . after: sampling;f,

Shear tests results often take 6 _to 8 days to evaluate.i

7\

-

firsg set of tests were conducted uSing haturally surfacedv

block /sliders resting ;on Very smooth polished plates. The '\,

|
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very smooth plates were used because it was thought that

even "small  asperities on the pPlate would significantly

- change the angle at wvhich sliding occurred due to the ver
low noruai loads imposed on the sample. The naturally:rduq
sliders were used to overcome the frictional phenomen”]?‘v
known as stick slip which occurs when tvo very smoQﬁ"
surfaces are sheared past each other. Stick slip occurs‘;,e
to the . presence of very thin layers of contaminant which‘
foru on the smooth surfaces. %gugh surfaces tend to break up:
the layer of contaminents and hende‘are not as susceptible
to stick slip. The naturally rough sliders used for these
‘tests wo;e the direct shear test samples used to measure ‘fp
and ﬂult 1n Section 5- 7 The tilt tests were performed prlor
to the dlrectvshear testing. Tllt table results reported in
this section were all obtained frgm;vtests performed in a
room with a relative‘ humidity of approkiuately 10% and~h
temperature of approximately 259 cC.

Roughnesses on the polished plates were measured:“using

a Talysurf roughness measurlng -device, as thef‘larger
profller used to measure the roughness . of naturel ‘sémples

was too coarse.«The Talysurf yielded a single dverage value

of roughness neasured as a center liue average value which

(,—J gave a quantitative nmeasure of plate roughnesses for

 ,-cQmparison PUrposes. . . ;- .
3 to . h PR . .

/The CLA val&es’forJthe quartzite and -dolopite polished
' e ‘\' ‘ ~_/

plates were 0.75 micro-m. Table 5-7 summarizes the various

CLA values mMeasured for various surface preparations and

-

Q
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indicates that the CLA values found on the .smooth surfaces

had by far the louest‘vhlues of-étbughnéss. Rbughnesses on

the polished surfaces wede at least.one order of magnitude

smaller thqn,séndblaéted surfaces and sevéral orders of
'mAgnitﬁde shaller thah roughnesses on 5 cm X 5‘ci samples.
This means that for all ptactical purposes-the roughness on
. the polished plates was neglible. In addition, ih%pection of
this = surface profile under - a nmicroscope at 100x

magnification indicated that no roughnéss was visible and so

the resistance to sliding was the result of mineral to

angle defined wusing a polished Qplate will use the terg'

mineralogic friction ;ﬂgle and vill be represented by the

'symbol gm.

Initial sliding angles reéprded for 9 gquartzite élide:s

on the polished quartzite plate had a mean and standard

.deviationm of 12.3°% 2.6°9. The initial sliding ahglg ‘for 10

dolomite sliders was 16.8°t+ 2.7°. The mean value of 12.3°i‘

'2.6° recorded for the gquartzite sample is® similar to the
valgd  of 12.80% 0.99 found by shearing a sand blasted

urface over- a polished surface in direct shear tests
° . : ' "

~/x$§§ction 5-7). °

Tilting' table itests were  also performed using sand

-.hlastgyjéliders on polished plates in ofder to compare - the

"sliding angles using this surface combination with the

results estab;ishqg‘using direct shear tests. The sliding

angleé were  not - significantly different from those
. v i 4 s ) . . .

Nis

mineral contact. As a result futhre,referepce to the slidiag

o . - .
U P S VU

- .
b e m b s S R kst e e

Moo o
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establisheh using natyrally surfacedﬁsliders on a polished
surface. The means and standard deviations of three tests
| for{each o{%;pefguartzife and dolomite sanples respectlvely

vere 11)501 0.S° and 16.39% 122°. he dlfferences of betveen

4o  and 50 in the meén ‘values of sliding frlctlon, ﬂm,

beteeen the quartzite and dolo&lte, were“?}m%la; to the
“differences in @b found by Coulsoa (1972) for 51mllar rock
types. Coulson sheared ‘two sand blasted sampl#s past 'each
other' and found a difference of 5° betwgen thé'bh Values of
gquartz r1ch and carbogﬁte rich rocks (Coulson, 1972 P 99).
The log angles of friction, #m, recorded- for lthe
;iltingb’tests agreed vell with values of érictkon"réported
by Horoe and Deere (1965) who sheared smooth buttone of ;pck

with low surface contact areas (to avoid the Jproblehw'of

contaminants) over smoothly pollched plates of rock

N

A ' series of -tests-‘were performed uSLng naturally.-

surfaced sliders of quartfite on guarfzite plates lapped
with #200 grit abrasives. CLA measuremehts recorded on this

sample indicated that the roughness was intermediate between

the smooth polished plate and thé rough sand blasted
| - ’ - B : ,

surfaces. The CLA value was 26 micro-n. Th@ angle Of sliding

for 'nine tests had a mean and standardbdeviation~of 22.,29%,

1.6°.

Similar sliding tests were also conducted using plates
* .

of quartzite and dolomite artificially roughened by sand.

RS

blastihg‘or‘by lapping with #80 grit sandpaper. ‘ﬁoughnessés

neasured on the dolomite samples were 1§meicr07m'and on the

[
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.guart21te ' samples vere 200 mlcro B., No 'slgnlflcant
i . ’ ~
q‘d!(lffer:ences were noted between ‘the values establlshed using

rr
sand blasted or sanded plates and sand blasted or sanded

sllders. The slldlng angles for the various: comblnatlons are.'

summarlzed 1n Table 5-8. The mean slldlng angles and their

K v

standard | dev1atlons however were 30.8°i ’1.15 for the
guart21te and 34. 2°+,1.0° for the dolomltes. These iere

sitilar to the ba51c friction angles of 32 0%t 4,40 and

[ 35,89+ 8. 1° measured ‘on egually rough surfaces in the d1rect~

hear box. The normal loads applled durlng dlrect' shear
tests %ere 51gn1f1cantly hlgher than | those usedzln the
t11t1ng table tests. However,‘for purposes of evaluating @b
this .. is. of llttle ' concern asa ﬂb does not change
51gn1f1cantly over the norg;l loads commonly investigated in

surface workings (Coulson, 1972). Results of ﬂb shear tests

. conducted over the normdl stress range expected at either

‘donas or Whitehorse Creeks :lndicate that Qq is stress
independent‘for this stfess range.

. Sliding tests performed on matlng natural surfaces gave
extremely‘ variable results which appeared to be controlled
only by surface roughnesses and not at all byv'mlneralogy..
The ,anngs of sliding varied from 36° to 66° and averaged'

45.20, Th rougher samples con51stently gave .the higher

s fding friction. Due to the large scale of the

va%ﬁ:s of
asperiti with respect to the total ‘block size belng

aw K

tested, and due to ,the conflguratlon of the sample blocks,
- ]

interlocking between asperities occurred and a rotating
. b " s
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toppling failure was seen to occur in all but the smoothest

of samples. . ‘

S
The max1mum allowable angle of rotatlon vas dependent 3
A » 7
upon the »block _conflguragéon of the sllders vhich wvas .
[ , .

'prev1ously determlned due to the-—size of ~d1rect' shear

: fspec1mens. The maxlmu&_angle which could be reached wlthout

,
» v |

1nduc1ng tenslon near the top of the failure plane was 35 to
409. At thks p01nt the normal resultant of the upper ‘sllder
" fell- out51de the middle third of base of the slider. At 60-

5° the resultant fell outside the base of the block and.
toppling occurred. The (fallure angle - eould‘no longer be<
.regarded as a slfdipg friction angle: | |

In order to‘establish‘ the relevance of * the tiltiug

table test for deashring Ab, a variety of rock types were
tested u51ng sliders .and plates both of thCh had been.)
lapped with #80 grit sandpaper. The tests were performed at’
a relative humidity of 10% and a room temperature -of .259C.g -
Rock tyres tested °ineluded fine graiaed felsite, coarse.
grained granodierite,;and coarse apd fine 'grained poorly
quartzites and

cemented sandstones in addition to _th

»

dolomites already tested. Five sliding tests were performed
for each sample and the slider and plate fe blown clear of
debrls \s;rg compressed air after each slide. These results
were compared with @b results 'recorded by 'Coulson (1972)
using direct shear tests on sanded surfaces of limestone,

coarse grained granite, fine grained granite and sandstones.

' Table 5-8 summarizes Coulson's results. A comparison of the




noticeably after 9 slides (Seétion 6-8).
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(/ f

tlltlng table results with those presented by Coulson- (1972)
1nd1cates that the tilt table tests glve rellable friction
angles comparable vlth those found using cenVentional
techniéues.

—-——

5-12 TILTING TABLE 22§I,E§§HLE§51 PART 2

~Further ' tests wvere conducted on the polished surfaces

of both auartzite and dolomite Tplates using naturally

:anrfaéed blocks * of the same lithology as the plates for

sliders. In:the first idstance, after each slidihg failure,
both the slider ~and the .plate were blown clean with

compressed air and .the slidipg angles did not increidse

-

Durlng these tests no surface damage occurred to either
of the pollshed Plates anchored by clamps to the tilting
table. However, a very loose cohesionless - powder of silt

size particles was left ‘on the polished dolomlte surface

'after each slide. Thls posder vas derlved(from the crushing

of the fine ~asperities which formed the contact points
between.the pollshed Plates and the natural suéface of the
sllder. If the powdered debris was left to accumulate on the
polishedtg surface ' the angle at which sliding occurred
increased from‘ie,sot 2.8° to 29.6°t 3.6° over 6 or 7
continqogs slides; The angle then remained cona&ant during

further sliding. If the powder debris was ~blown from the

surfaces bf compressed air the sliding angle immediately
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decreased to about 20°t 2° but never again ddd it regain thef

original low value of '16.8%% 2.8°.

oLy,

- The increase idithe'sliding aﬁgle, gmn, measured on .the
dolomlte blocks was apparently due to the interaétion
between the slldlng block and the loose very fine grained
"debris, on the. pollshed surface. This- prompted a closer look
at the sand blasted surfaces gsed " to represent @b which
'yielded' sliding 'anéles very similar to those recorded on
polished plates after several slides uithout cleaning: Tﬂe'
'sand blgsted \surfaces had tiny asperities'egual in size to
the sand-grdtns.used to sand blast the rock. In the?case of
the quartzite theée ‘asperities were formed by ‘individual
sand grains protruding from the épartzit%3 métrixff\in the
dolomite sample the soft fine gralned dolomlte was forced to
assume a profile similar in form to the sand gralns
bomberding the surface. The asperities consisted of small
.pieceSv of dolomite surrounded by indentations left from the
'sand blasting proeess;

The orientations of the small scale ‘asperities were
* examined under a mioroscbpe and _tﬁe inclinationg”of the
'asperity faces were evaluated using a“straight ed e‘ and a
protractor. The average, orientations estab;ished< od the
basis of-over 50 random measurements had a mean éhd standard

-
deviation of 18.7°+6.19°.

The sliding angles on the sand blastedi surfaces for
quartzite and dolomite had means of 30.8° and 34.2°

respectively. The gm values established by~sliding/tests had
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means 'of 11.59 ~and 16.35 .for quartzite and dolomite
respectively. The differences betueen the two were 19° and
17.9° respectively. It appearS"on the ‘basis Of these
findings ,therefore that Qb is in reallty a comblnatlon of
i pfm, the angle of frlctlon determlned on perfectlya smooth
’ surfaces,‘ and an 1 anglev i mlcrospopl\\ which, forms as a

result of sand blasting.

A series of Slldlng tests vere also oonducted,in order

to define how the sliding angles varied with mpoisture

'l

content. Tests were,conducted in a humld environment uith a

%

relative humidity ‘ofs 100% and a.room temperature ‘of 259°C.

Sand blasted sllders vere ‘hsed ‘ln all cases and both
pollsn¥d\ and sand blasted \plates \yere used. The smooth
plates sﬁo:ed an increase in ﬂm of about 89 to 10° for both
quartzite + and dolomlte-'samples. ‘The sandblasted surfaces

: ) .
showed leds than 20 .increase in the mean sliding angle when

sliding ©doccurred. on, g wet surface ' as opposed to a dry

-

Bromwell noted that nthe presence of surface water
* ! & .
greatly affecked the coeff1c1ents of friction of smooth

. /surfacés (lamber and thtman,1969, p. 66). This effect

diminished, however, as the surface roughness.increased.

" This effect was indeed noted here as
angles from "wet" to"dry" conditiofs varied from 9° on
average for smooth plates to 2° on average for sand blasted

plates.

he increase in sliding

“
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analysis to be acting durihg failuré$'
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5-13 SUMMARY OF _ﬂg RESULTS . ke
Peak triction angles recordej ﬁ&y natural

..
discontinuities were much higherg

¥

;»tho‘&f_&q‘%nd by back

_-.—\‘\
-1s\thought

L4 7

to be ' a consequence of the scale effect.
) )

tests. The peak shear =trengths deflned by Barton's analysis
'u51ng JRC values‘ evaluated from the' shear 'test sample

proflles ylelded peak friction angles very 51m11ar to those

evaluated by dlrect shéar.c

. The ultlmate frlctlon angles, the angles measured after

a large degree of displacement, when very little topographic.

component was acting, were very similar to ﬂb in the case of

E . 3

Jonas Creek 5amples and frlctlon -angles about 5° higher than

$2b  for the :Whltehorse Creek samples. The Hhrtehorse Creek

Samples had rougher dlscontlnulty proflles prlor to testlng
thar the Jbnas Creek samples and so it was thought that even

after a large amount of dlsplacement the friction angle was

still‘belng influenced by.roughnesS. It would seenm therefore

that ultlmate values of frlctlon “évaluated on very rough

natural surfaces,_should not be used to estimate the basic

»

frlctlon angle, @b.

The peak shear stresses plotted on a Mohr—Coulomb

dlagram over the normal Sstress range thought to be actlng at
the rrock slide failure surfaces were represented very well
by a straight line relatlonshlp, thereby relnfor01ng the Ab
+ i theory previously explainmed ln Section 4-2. The i angles

——

f direct shear

L}
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measured during dilation for the gquartzite samples vere

'egual to the i angles measured on the ﬁfofilesr prior to
shearlng a?d these ® angles eere equal to one half of the
_difference between gp qnd gb ; 4 reIatiQnshlp deflned by" ;
’Bérten in 5971. The, same relationship was not as clearly
deflned in the softer dolomite samples due to the shearing.

. % ' :
through of asperltles rather than. rldlng over. This also . .

explains why the Mohr—CoulombK envelope for the dolomi

samples had an- effective cohe51on 1ntercept. The rksultihf“

- gp friction values, recorded on 5 cm X 5 cm square samples,

however, grossly overestimated the shear strengths acting in ?ff
the field. o _ , : ‘ ~ - /’
,Basic friction angles were also evaluated ﬁsing

conventlonal shear tests®in a manner '%utlined by Patton
. K N

(1966) ~and Coulson (1972). The Bb values defined for the
quartzite and dolomite samples tested were very close to the

/]
values commonly assumed for ¢b for tﬁe various rock types .(

. &
(300 for quartzite and sandstones and- 35° for’dolomites and

»

limestones). 8

Tlltmng “table tests u51ng natural surfaces as slidegs'
and sandblasted surfaces as plates ylelded s;mllar 2o values ~
to those given by'Coulson (1972) . Use of the tilting table
also illustrated very clea:ly how @b is dependent on surface
roughness. A very smooth surface in the ‘field ?caused by
geologic deformations may have aumuch'louer7basic frictiop'

angle than the commonly quoted 30° to  350. Krahn (1974)

reported . peak and ultimate friction angles of‘289‘and 15.6°
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respectrvely for limestone samples of bedding 'surface
discontinuities which had undergone flexural slip. Bruce and
Cruden' (1977) reported peak and ultimate friction angles of
30° and 20° for distontinuities contained within felsite

samples. The  basic friction angle is in realitf a
COmbinaticn of gm and i microscopic and varies directly as

the i microscopic values varys g9 mineralogic is a function®
. 1

’of mineral to mineral contact 6nly.e

5—1Q‘§§§QQMEN5ATIQE§ - | : .

| The reSuits for.the tilting table tests indicate that a
different procedure for evaluating discontinuity shear
strengths ma} be used, especially  for preliminary
assessments. The tilt test can be applied to hard rock
’sdrtaces wbich ﬂ do not have a progounced topography.
Weathered surfaces or clay covered surfaces cannot be tested

o

in this manrer due to a cohe51ve strength _component. The
tilt test is simpie'to perfor@ and is much faster to perforn
than a'bdirect shear test. The results, evaluated in detail
for dolo@fte and quartzite sampleS' ardA superficially for
several other reck types, are similar in .magnitude to direct
shear test results for equivalent surface roughnesses.

The' tilting table plate -can easlly be changed to
simulate a variety cf roug?nesses. This 5ecomes necessary'
when. the discontinuity ir the 'field is smoother than a
sandblasted surface. This can occur in a fault zone or along

beds deformed by flexafal slip. The sliding angles recorded
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for the smooth surfaces vary depending - on the relative
humidity of the testing qgvifﬁnnent. Teéts should . be
é;nducfed at low §elétive‘hﬁmidities és this givés rise t'
the lowest possible angles and) hence is &; cons;rvati;e
estimate of the friction énglé. In addition, at normal loads
higher than can bg obtaiged on the filting table, the effect
of * the surface contaminants, which‘ are responsible for
altering the sliding angle, may ke reduced.

Barton and Choubey (1977) have recoaumended the use of

the tilting table tests to éyaluate the basic friction

1

. . | L :
angle. The surfaces recommended were flat saw cut surfaces

similar to those recommended by Patton (1966).

The procedure being recommended A here uses naturally

rough slider blocks on plates of equivalent 1lithology

finished to an appropriate degree of roughness. This allows
tests to be performed on surfaces smeother than sawn
surfaces. The use of a naturally rough slider also’

i N .
eliminates the effect of stick slip. This becomes necessary

v

when the discontinuity in the field 1is smoother than a

sandblasted surface.



186

[

TABLE 5-1

Summary of shear test results and their confidence limits

FORM JONAS CREEK ) 'WHITEHORSE CREEK

Power law 720.975 N ©.913 . g=1.241 N 0.64e9 ’
(peak) '
T = a N exp.b 95% conf. b £0.20 . 95% conf. b £0.226
(ultimate) T=0.575 N 1.190 T=0.731 N 1.026
' 95% conf. b 10.16 95% conf. b $0.55
Straight Lime T=-0.013 +1.115 N T=0.166 + 1.262 N
(peak)
90% a = + 0.068 95% a = +0.190
90% b = + 0.135 90% b = $0.330
(ultimate) T=-0.035 +0.664 N T=0.021 +0.862 N
© 90% a =% 0.025 < 90% a = $0.520
90% b =% 0.069 90% a = )

+0.120
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TABLE 5-2

Summary of Direct Shear Test Results

Sample * Surface Natural Natural Sandblasted Polished
Quartzite Angle= Peak Ultimate ab gn
ﬂ(value 48.10° 33.6° 32.0¢° . 12.89°
assumed cohesion value was zero throughout
Dolomite Angle= Peak Ultimate @b Fm )
g value 51.6° 40.70 35.89 = ——-=--

cohesion 0.16MPa 0.0 0.0 0.0



1848
TABLE 5-13

Summary of i angles recorded before and atter shear

for 6 samples of quartzite.

BEFORE

sample avg. i from profiles standard deviation
JCc-1 5;5 <. 4.0
Jc-2 6.0 4.1
Jc-3 14.6 ‘ 4.7
Jc-5 , 7.0 2.5
JC-6 ' 4.5 2.0
Jc-7 ' 4.7 | 2.1
a .
AFTER
Jc=1 5.3 ’ | 3.2
Jc-2 5.4 4.8
Jc-3 1.7 : 5.7
Jc-5 . 8.2 >y 1.1

JC-6 5.0 1.8

Jc-7 4.3 T 2.4
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TABLE 5-4
A comparison of the i angles measured on the profiles with
- those
measured by LVDT during shear.

'\\ Sample # i frem the profile i from the LVDT

JONAS CREEK

Je-1 : 5.50 ' 4:50
Jc-2 ’ 6. 00 i 9.60
Jc-3 | 14.60 16.00
Jc-4 6.10 5..80
Jc-5 | 7.00 ‘ « 6.50
Jc-6 4.50 " 5.50
Jc-7 - 4.70 | 7.00
"Jc-8 A 5.50 , | u3.56
Jc-9 , 11.40 7.50
Jc-10 [ .30 | 4.50
Jc-11 . 5.00 2.00
Jc-12 5.50 1.00
. JC-13 | 5.30 6.70
- Jc-14 “ 8.6 10.00
Jc-15. 1190 | 7.50
Jc-16 7.10 4. 50

JC-17 10. 50 4. 50



we-1
WC-2
WC-3
WC-4
WC-5
WC-6
WC-7
Wc-g
WC-9
.wc-1o
HC=11

WC-12

TABLE 5-4 CONTINUED

o

' WHITEHORSE CREEK

15.30

20.90°

11. 20

8.39

15.10 .

14, 10

11. 20

11.30

6.00°
14.5¢°

0.0o

3.00

3.00
4.0¢°

6.00°

 8.0°

9.00

16.00

7.59
8.0°

‘190 -
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TABLE 5-5

by the Point load tester.

bedding orientatiop

J

JONAS CREEK 4 cores
quartzite ‘mean C=539.3 Mpa
std.dev. =+98.55 MPa
WHITEHORSE 2 cores

CREEK ' mean C=179.8 MPa

dolomite std.dev. =i41;6*

A suhmary of_uniaxial-compressive strengths as obtained

3 cores
233.2 MPa

$48.6 Mpa

3 cores

85.1 Mpa

. ¥33.3 MPpa

191
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A suppary of the CLA values encountered on the artificial

©

surfaces. s
‘rock polished #200 grit sandblasted
i \\ ) ' | .
quartzite 0.75 micro m Zg.o\micro‘m 150.0 micrdé m
dolomite 0.75 microm —-——==——=="-- 200.0 micro m

A.
v}

* Nathrai surfaces could not be eValuated using the
but an approximation, made from the profiles of the
was approximately 4000 micro m. |

i J

Talysurf

samples



%,

- TABLE 5-7

193

A summary of the sliding angles @s,measured by tilt table

1

QUARTZITE .

| Plates lapped with

tin oxide .#200>grit ' #80 grit

natural
'sliders . 12.3£2.6°  22.241.61°  31.341.50
- S/ . :

sandblasted

sliders  11.5%0.50 31.042.20
/ DOLOMITE
natural
sliders 16.8+2.70 34.3+1.20
3\
sandblasted

sliders 16.311.20 34.110.30

i

sandblas

©30.8+2. 40

34.2¢1.30

34.2+2.6°

1



TABLE 5-8
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1
i

A comparison of the éliding friction angles fronm the tilt

table :

with(those defined by Coulson.(surfaces‘lapped with #80 grit

rock type sliding angles
quartzite . 30.8t1.10
felsité 32.01.00

granodiorite 32.0td.3°
dolomite " 34.2+1.00 -
crse.sandston$<é7.510.5°
fine sandstone 35.7+0. 30
<
Coulson's Results
limestone 34 to yqo
fine granite 34 to 36°
coarse granite 32 to 369

sandstone 28 to 390

-direct shear Tesults

L}
‘5

32.0t4.40

36.0+3.1°

s

ot

M
P

o
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DISCONTINUITY

POUR IN -SULFASET

=L ALUMINUM
e MOLD
5 "N . COVERED
IN  WAX
SAN : , /

CURE 24 HOURS . CURE 24 HOURS

\ ,

FIGURE 5-2 Schematic Diwgram Of Saumple Preparation.-
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FOR LIMIT EQUILIBRIUM
THE DISTURBING FORCE '

= THE RESISTING FORCE
W siNg = W COs@ TAN @

e P-4

o

FIGURE«5-4 >Schematic Dre ing Of Sliding Te.t St.tics
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CHAPTER VI
Rock sSlide Back Analysis

6-1 INTRODUCTION

Tha final step in a slope 1nvestlgat10n, prlor to the
ch0051ng of a set of deSLgn or remedial pParameters, involves
a quantitative evaluation of slope stability. This lstép
uSually incorporates the results of  field mappihg and
laboratory determination of shear strengths in 'al stability
analysia wvhich defines the factor 'sf safety”for various
slogpe profilgs and failure sSurfaces.

In the case of failed slopes it is'possible to equate
the factor of safety to unity Then by evaluating the
preslide topography and the failure surface or surfaces it
is possible to calculate the average Shearing resistance
.acting along a failufe surface (Morgenstern and Sangrey,i
1975) . In this way a hatural rock slide can be ireated as a
/large‘sqale in situ shear test and> the back-calculated
results <can be compared with the ekperimentally’derived
shearmstrength parameters. This technique allows us to
e{aluate how closely our experimental methods predlct the
real shear strengths acting at failure. :

. Stewart (1974) indicated that for small slides an_
assumption of wunity for the factor of safety could lead to

unconservative results. This lack of agreement between back

205
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calcglétei:parameters was ihought io gave been caused by the
small size of the élides béing investigated; The factors of
safety of small slides are highly sus;eptible to -sma%l
chqngés in cohesion values acting along the slide surface
whereas larger siides can tolerate the small variationms.

In the case of the Jonas Creek and Whitehorse Creek
rock slides, back analyses 'were used ‘to tesi. the
appiicability;of the field measurements of rbughnéss.‘,This
chapter summarizes zhé. results of these back aralyses and

‘discusses the various assumptions which had to be made in

order to satisfy the needs of the stability methods.

6-2 SLCPE -STABILITY METHODS

— — =

Current methods of evaluating sldpe stability fall into
two broad categories; finite -element or stress strain
analysis, and limit equilibrium analysis; ‘

Morgénétetn (1968) has stated that the most ,rational
approach to the design of rock masses would be based upbn
displaceménts, as the major aim of all degign ‘calculations
is to limit rock mass displacements. A deformation énalysis_
would predict ihé displacements of all the points composing
a rock structure for the various load configurations. Such
an analysis requires the equations of equilibrium for any
element of the rock mass and the Constitutiye equations
governing the rock material. Morgenstern stafed that éﬁen if

such relationships were known, computational difficulties
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.
- would |Dbe ggqrhous,A as the :elatiqnship would probably be
~nqp-linear. Other complications. such as variat%dns in‘
.density, pore pressures, qnisotropy and non hohogeneity due
‘to bedding and discontinuilies in the rock ;ass makes this

method impractiedl at present. . A
’ Gobdman (1976) 'éointed ;ut that many of the
computational difficulties surrounding finite element
prograns’ haQé beenA}overcome. The usé_of one dimensional
joipt elements has'beén used to model the discontinuiﬁies
within a rock mass. However the use of this'element requires-
a knowlnge of shear Strength along a discontinuityras vell
as the stiffhésses alonb and across the diséontinuiﬁies.'.
Theée last two values have not been satisféctorily-measured
to date. '
Goodman (op.cit.) pointéd out, however, that not all
_ _ s
problemé require a finite element solution. In'situatiops
where small displacements are of litfie imﬁsrtance, limit
equiliprium .metﬁods ‘of analysis are qﬁite sufficient to
.analysé'the problem. Furthermore, Morgenétern’ and Sangrey
(1975) indicated that deformationé are controlled semi-
empirically byndesigning tb an appropriate factor of safety .
using 1imi£ equilibrium andlysis.

-

In a failed slope bacf analysis, where small
deformationsiand stress changes are not known prior to
failure, the finite éiement méthod is of little use. As a
result, for this investigation, siope stébility was assessed

solely through the use of limit equilibrium metﬁods.
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Several computational methods exist for assessing Fhe
statés of 1limiting equilibrium in a slope. The ad&antages
and disadvantagesigg some of the more common nethods have
been discussed B;Kfredlund and Krahn (1975) . The simplified
Bishop circular arc:hethbd, and fhe. porgenstern-Price non
circuqu afc‘method of lim‘tjequilibrium analyses were used
t; define the shear stfength parameters associated with® a
factor of'safety of unity (Bishop, 1954 and Morgepsiern and
Price, 1965). -

The Bishop c&rCular.aré analysis is seldom used in rock
slbpe investigations as most rock slope failhres occur alpng
: plénar‘discontinuities.,Thé presence of the well defined
folded failure surface on Jonas Ridge, however, gave an‘
opportunity io apply:this method to roék sldpes. One of * the
advantages to ‘thiS‘approach uaé that computer calculations
.could be checked easily. for the north failure surface at
~Jonas Creek using hand calculations.

i Thé/ ﬁoq-circular arc anélysis was -performed 6n both
failﬁre surfaces at Jonas Creek, a potential failure su:faée
in the unfailed portion of’ asuCreek, and 6n the failure
surfaces of ~the’' two ti:§des at Whitehorse Creek. A
verification of‘ the non-éircular “arc analysis computer
‘results wvere madé at Whitehorse Creek using a S{Bple
stereonet analysis (Hoek and Bray, 1974, Ch;pter 8).

A linit equilibrium method of analysis proposed by

Barton (1972) was also investigated. This method assumes the

existence of a planar failure surface on a slope with a
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steep face and a horizontal top brokef’ug into sections by
' verrical joints .striking parallel to the face of the slope
(Figure 6-1). This analysis utilizes frlctlon values andr
cohesion values and predicts the locatlon of a vertical back
scarp formed by blocks stablllzed by cohesxon (Barton,
1972f. The locatlon of a back scarp 1n a back analy51s - will
therefore tend to confirm or contradlct the choice of
.cohesion values used.

J The limits set by Barton (1972) for this model were not
strlctly adhered to at Jonas Creek or. Whitehorse Creek The -
slope prof}les did not have the required'topographic profile
shown inszigure 6-1. 1In addltlon the failure surface at
Jonas Creek was curved whereas the, model fallure surface vas;
planar. At Whltehorse Creek the locatlon of the, back scarp
was apparently caused by a change in slope of the failure
surface and was 1ndependent of cohes1on values. As a_ result’
this method was found'toube unsuitable for evaluating the
shear strength parameters at either location.

Goodman and Bray (1976), and laier Hoek and Bray
(1977), presented 2  “limit eguilibriun technlque for
evaluating rock slopenstability where the dominant failure
mode was attributed to toppling fallures. Goodman and Bray
(1976), noted that this type of fallure was common in
steeply dipping slates, SChlStS, thlnly bedded sedlments,
columnar jointed uolcanljs and regularly jointed granitics.
'The rock types found at’Jonas Creek and Whitehorse Creek do

not fall into this category and hence would not appear to be
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Susceptible to this type of failure.
Hoek and Bray (19 Presented ai criteria‘ for
establishing whether or ng{toppllng fallures were llkely to-
”occur. This method indicated that because of the geometry
of the falllng blocks and the slope angles 1nvolved at  both
study areas, fallure could only occur by sliding; In
addition, there was no evidence at“ eltherﬁJJonas Creek or
Nhitehorsev Creek to indicate that a toppling failure had

"occurred. As a Lesult, no further investigationsg were

~é’carr1ed out with respect to toppllng fallures.

W -

Ina.order to define the limiting equilibrium shear
strength- parameters thought to be acting -during a sliding
failure, the pore . water pressures{and sliding mechanisms
Vmust be spec1f1ed (Morgenstern ‘and Sangrey, 1975) .

Patton and Hendron (1975) expand this further and- 1list

Ihese are:
~j) Determination of the'sha'e,'orientation and location -
of the failure surface. |

2) The prefailure topographic \profile of the sli

3) An estimation of POore pressures acting on the

4) Determseatlon of the shear strength parameters\ag¢ting

5) Slope displacement heasurements .prior to failure)
In the case of back analyses conduAted on pre-histédric

slides such as the Jonas Creek and Whi ehorse Creek slide
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it is impossible to evaluate all of the aoove parameters
with the same degree of accuracy. Slope displacements prior
_to failure, for examnple, cannot be ascertained to any
degree. ‘In other‘ cases, pore oressure estimations for
example, generallzatlons and assumptlons}have to be made and
often a range of probable values have to be wused in . the
final ‘analyses. The following seotlons discuss the

assumptions made with respect to the back analyses at Jonas

Creek and Whltehorse Creek

6-3 GECMETRY OF THE FAILURE MASSES

The shapes, 1locations and orientations of the failure
surfaces used in the 1limit -equilibrium analyses were
evaluated by field mapping as outlined in Chapters 2 and 3,

in conjunction with detailed topogr ic maps of the slide

area .

The exposed f face of the north slide at Jonas

Creek was found cular arc profiIe and did not

dips varied from 28°Nto 39°  over
§

the length of the failure surface. A c1rcular arc was fitted

have a back scarp. Bedai\

to the geologlc data ard topographic proflles of the failure

surface by trial and ~error in order to run the Bishop's .
circular arC‘method of analysis. The ropographic profiles
were drawn %rom a detailed topographic map of the slide area’
constructed on ‘a scale of 1 cm = u8.m. The north slide wvas

the only section amenatle to circular arc analysis however,
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as the steep back scarp of the south slide altered the shape
of the fallure surface. The shape and attltudes of the-"south
slide fallure ‘surface and back scarp of 'the unfailed central
portion, were extrapoLated from the proflle of the north
slide fallure surface and the ex1s€ang south slide séarp.
The vpresllde topographlc profile of the two failed sections
at Jonas Creek iere',extrapolated horizentally from . the
profile of the unfailed.Central section. The slide masses
outlined in the above fashion were fitted with small
straight 1line ,segmenfs and non circular arc analyses were
} performed on ail three sections. ) '

The field.dala recorded from Whitehorse Creek indicated
that the failure surfases'of both slides were planar. The
dip of the failure surfaces was 329. The locatlon of the
failure surface and the locatlon and orlentatlon of the back
scarps of the slides at Whitehorse Creek, were recorded fron
a topographlc map constructed from air photos on a scale of
1 cm = 24 m. The preslide topography was extrapolated
- horizontally from the nearesf unfailed portion of thep’riage

l,over to' the middle of each slide. The final profiles used

for the back analyses are illustrated in Figures 6-2 to 6-7.

6-4 PORE PRESSURE ASSUMPTIONS |

Hoek and Bray (1974) have noted'that the pressure of
water can lead to a loss of slope stability through several

mechanisnms: R
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1) Water pressures which reduce the stability of slopes

by reducing the ‘effective notqal stresses and
increases the shear stresses tending to cause
sliding.

3

2) Increaseq moisfure' content which increases the rock
unit weight and accelerates weathering thus
decreasing shear strength paradéterst |

3) Freezing of groundwater which gives rise to shear
stresses due tb -wedging or more importantly the
freezing "of groundwater on an exposed face thus
blocking drainage and increasing water pressures.

u) Erosion of the surface materialé due to fast grouna
water flow whigh_ leads to instability and reduced
effectiveness of drain.

5) Liquefaction which leads to instability. This is a

B .

\\\\gfpecial case of point number 1.

The “~most important, of the abdve water effects is the

reduction in "Stability resulting from increased water

pressures wi%ﬁig\ a rock /m

result, if a reliable

s'(Hoek and Bray, 1974). As a

te of stability is to be

obtainéa\ait is essential that water pressures within the
slope peing‘iEVésg}gated are measured. In the case of a back
analySi% conducted Ohx;prehistoric slides, pore pressure
measure;ents are not a#éilable and so reasonable estimates
of water pressures nmust be made. —
A .
At theﬁJonas.Créek slides, E&e areas of slidiné lie

very <close to the crest of Jonas Ridge, a cuesta. This

N
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portion of the cuesta is unlikely to be in connecpion with
the fegional groundwater flo;. It would seenm reasongble
therefore to suggest that pore bressure fluctuations ﬁould
maigly be in response to local variations in recharge and
discharge.v .

The possibility oﬁ\\gigh pore pressures deyeloping
behind a frozén face seems small at 'Jonas Creek. Freezing of
the sheltered lower portiops*‘of the slépe face éﬁusingwa
blockage in discharge is-unlikelggw;thoutythe exposed‘ upper
boundary of Jonas Ridge f#eeziné aqd thus causing cessation
of tﬂe groundwater pechargé cyclé. As mentioned above, the
slide areas on Jonas Ridge are unlikely to be affected by
régiongl groundwvater p?tterns and hence deep regional Wwater
probably could ﬂ?t percolate ‘into the mass and bui}d-up
behind a frozen face.

At Jonas Ridge, there is no area  other than the dip

-

slope face f?r snow or water to accumulate on and cause high

water pressures. The ri&ge»is quite unprotected from winds
from the southwest and so spéﬁ accumulati@n wouid probably
not be great. Avaléncheégiaown &ﬁutes visible on the air
photos (Figure 2-5) would dischérQ@\some of the remaining
Snow. ‘These avalanéhe chutes also provide channels for
surface runoff and locally  depress groundwéter tables. A
large %?valanche chute exists near the south margin of the
south slide. ‘

Regardles$s of the amount of meltwater available as

recharge it would seem unlikely that high pore pressures
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could have existed withiﬁ the slide areas at Jo;as Creek. 1In
the case of the north slide the failed area extended to the .
skyline of the ridge and the very steep 55° slope below the
upper failure surface at the crest indicated that very
little rechargé could‘!énter the slope. No catchment area
existed behind the slorpe. |

The north lateral margin 4f the ‘triangular slide was
unobtstructed and thus probably was free draining. The‘joints
are .not filled with gouge and hence allowed water to flow.
easily to the‘ slide margins . This probably aliowed a
reduction of pore pressures; The assumed/toepof the failure
surface was approximately 600 m above the vailey bottom, was
dppafently unobstructed, and did got“ appear. to have been
covered with 1low permeability material. The smallest grain
size observed anywhere in the slide debris at Jonas Creek
corresponded to fine-grained ' sand size. As'a result, the
lower mafgin éf the north slide also appeafed to be free
draining. The'south margin of the north slide butted against
an unfailed portion of the ridge which was covered with
loose frost shattered blocks which would not  hinder
drainage.

The south slide at Jonas Creek also occug;éﬁiigar the
top of the ridge. A very small dip- slope catchmé5£’ area
existed behind the vertical back scarp. The area of this
- catchment basin was less than one-third of the area of the
slid mass so recharge from this area was probably

b

negligible. Joints observed around the perimeter of the
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failed mass were again conFinuous and clean. Thé assumned toe
location was also apparently unobstructed and was also
approximately 600 m above the valley pottom. It would appear
therefore, that this second slide waéralso well drained and
hence pore pressures were probably negligible.

Conditions. at ' Whitehorse Creek were somewhat similar.
The failure occurred on a dip slope of part of a cdesta
which was probably isolated from ~ a regional groundwater
pattern. The steep inslope of the cuesta dipped at 459 ang
provided %ittle access for water. A small catchment area
behind tﬁe scarp, flatter lying thap the failed portion,
kdip of 20 degrees), provided a small local recharge area
approximately eguivalent in size to the slide area. This was
probably of little consequencé.

3

Joints within the area examined wer e Eleén' and widely
spacéd. They appeared to be continuous and~£hus probably
‘provided free drainage. In addition the north Qest lateral
margin of the slide was open and hence could easily
discharge water thereby reducing excess pbre Pressures. The
inferred toe of the failure was .106‘m above the valley
bottom and was again apparently unobstructed so dr;inage wvas
probably not impeded. ‘,

Itlwouidzappéar from the above considerations that the
values of pore water Fressures, were probably dot'high. As é
result, for back\gnalysis purposes fhe initial value of pore

vater rressure was assumed to be zero.

The author is aware that back analyzed shear strength
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rparémeters‘aré highly dependent upon assumed pore pressure

values and that poré Fressure values can be gquite higﬂ even

~ though only small quantities of waﬁ:&‘ﬁtire present. As a

?? .result a variety of pore pressur® values vere used in the

6-5 SHEAK STRENGTH PARAMETERS

limit equilibrium dnalyses to define the Sensitivity of the
relationship between @ ahd the porewater pPressure parameter

Ru. , v .
i . ‘. \ @

§

For purposes of the back aﬁalysis, the shear st:ength
parameters were é;sdmed to be <constarnt o%er the failure
‘surface; Tﬁ; réck density was assﬁmed to be 2614 Kg/m3 yaﬂ
average denSity for quartzite (Hoek and Bray, 1974), and the
fnitial'pore preésuré% were aSsﬁmed to be zero.

The value of cohesion was'assumgd to be zero fo£ the
following reasons: . |
1) In Chapter 5 jt was.explained that fhe value of the

shear sfrengfﬁ was giveq by, T=N tan (gb + i) for 1low
normal 1oads.iThe value of cohesion>ﬁas zero. | |
2) Hoek and Lond‘f (1974) indicate that values of
/ ) cdhesioh used 1in rock analyses are highly Qariable
and cannot be relied upon. - N
It is“not yet possible to evaluate the area of rock
bridges acting within a slope and hence determine a rgiiable
average cohesién- value. Hoek and %Pnde therefore suggest

2 s

that vaiues of cohesion being gused in rock slope design
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should e&hal Zzero. This approach is too cdnsefvative for

. i ’ ' - . .
consideration in most open pit mihes where slopes are open

for short periods and some failures can be tolerated. For

slopes which must stand for long periods of time, where

failures cannot . be tolerated, such as.in civil englneerlng
*.prOJGCtS, thlS approach errs on the safe 51de and is
acceptable. , ,

Limit equilibrium analyses were performed ‘on three
Cross sections at Jonas Creek and.  two Cross sections 'at

.Whitehorse Creek in_order to define the @ value which gave a

factor of safety of one.

_——_——-_._._

At Jonas Creek, the experimental gp value, evalunated by
adding. together nthe #b  values evaluated from sandblasted
surfaces onlthe tilt table ang the average‘i;angles from the
0.3 m scale in the failed areas was 34.6°. The #b value
evaluated“ by tLe direct shear box was sdightly higher and
the resulting @gp value was 35.8°, The back -analyzed values
of @p for the two failed sectigns, calculated using assgmed
yalues of zero cohesion and zero pore pressure, was 349,
‘This wvas enly 0.69 ot 1.8° less than the experimentally

derived values. This led to a calculated factor of safety of

1.02 or 1.07 depending on the choice of #b.

Using the aye:ade roughness angle of 8.9°, peasured on

the perimeter of the unfailed section at Jonas Ridge, a ﬂp‘

€2
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lated. The back analyzed

~

‘shear strength parameters needed for equilibrium in this

P

unfailed section were also C=0 and @gp =34.0° . The factor of

value of 39.7° or 40.9° was calcu

safety, defined as; that factor necessary to reduce the
streq?th' parameters to thoée néceésary .for limiting
equilibrium, varied frbm 1.2 .to 1.3 depending on the ‘choice
of @gb. These ngtors of safefy were calculated assuming ;erox
cohesion and zero‘pore pressﬁres. .
‘The close correlat%on"found between the back calculated
and the predicted valuég of gp for the failed portions at
Jonas Creek indicate thaik;he assumptidns ﬁade with - respect
to * wvater  pressures, cohesion, i angles énd @b were
consistent. | .
~“ Mention was made in Chapter 5y0f @b values méasured. on:
a variety of polished su:fades.' These wefe thought té
correspond tolﬁb valueé found on flexural slip or fault

surfaces. These 1ower'va1ues of @b, observed on the polished

surf?ces .are apparently too low to be <consistent with

'

previous assumptions and . were probably inappl&cable.'This iS
consistent wiihkthe"results of field mapping at Jomnas Creek
wﬁich revealed very few areas of flexural slip surfd@és.’
The back analyzed ;alues. calculatéd for the youngér
slide at Whitehorse Creek did not agree as _well with the
experiqental value; defived as did those at%%%nas Creéki The
pb  value obtained from éhe tilting table was 34.2° and @b

from the shear box was 35.85. The average i angle on the 0.3

mfgcale was 3.5° .. The résulting Pp values were 37.7° and

¢

e
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39.39. The back calculated @p valué was 320, This yieldéd a
factor of safety of 1.2 and 1.3 respectively. Thé’ back
calculated value ij gp was 2.29 to 3.8° lower than the
values of gb evaluated on sénd blasted surfaces.. This
indicates that the assumptioﬂs maae with respéct to this
baék analysis may have been slightly in érror.

Pore pressures may have been acting on the fa{;ure
surface prior +to failure evén though the previods pore
_bressure analysis indicated ' that free drainage would

prqbaﬁlyl occur. Becaﬁsé )the.ioe of the slope was close to
the valley botﬁém*it ;ay have teen covered Hithia thin layer
of impermeable till prior to failufe. A deposit of till was:
found on the unfailed porfion of;ﬁ%e ridge besidéwthe slide
margiﬁs(chaptér 3). This may-have aecreased the drainage and
thus caused an ‘increase in the porewater'pressure.
~ Various values of pore pressuré were tried usingUe
non ‘circular arc analysis and an Ru value“ofﬁp!Z Qas fqu;d
to be necessary to bring the slope to a stafzﬁrof " limiting
equilibrium.' This coéresponds‘ to a heightsnof wvater of

~approximately 15 m which is approximately one half the

[

height of the failure scarp at the back. If the arqurents

made previously with respect to rore pressures being egual
to zero are correct this would appear to be a %ittlé high.

A second- possiﬁility is that the choice of a sand
blasted‘surface to evaluate @b is not appropriate. There is
no field evidence fo support _thi%, howewver, as no

©

tectonically disturbed surfaces were found on the. failure

@
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surface. However the soft and soluble nature of the rock and
" the age v of the slide may have combinedAto erase the traces
of such a surface, a remote but nevertheless conceivable
possibility. \ '- .

A finalr possibility ‘which can not be ignored is the
existence of an earthquake in the vioinity of ' the slide
badding energxh to the slope and causing failure. ThlS last
possibility 1s impossible to evaluate. however due to 'the
sllde age. 4 |

The previous -analysis made with. respect to pore water
pressuresklndlcated that at Jonas Creek the assumptlon,_of

>

zero pore water pressure was acceptable. At Whltehorse Creek

an Ru value of 0.2 ﬁas needed to cause fallure assuming that

"the friction angle acting was equal to @b plus the-average

0.3 m scale i angle measured in ‘the field. However, the
final friction angle found by back -"analysis is highly

susceptible to the assumed Ru values. An Ru value  of 0.5,

the worst groundwater configuration possible, yielded back

analyzed friction angles of 64° at Jonas Creek and 57° at

Whitehorse Creek for a factor of safety of unity.
This is the upper bound. Back analyses usin§‘theseihigh

values :of Rﬁ would indicate that small scale laboratory

specimen shear strength could be relled upon; an‘;unllkely‘

but nevertheless p0551b1e hypothe51s vhich cannot Dbe
’ L 4
disproved at present. _ 5 o

6-7 PQST FAILURE BEHAVIOUR\

A
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The problen of“estimatiné“hou_far ‘a rock slide Jwill
.travel after the factor of s;fety has dropped to one is of
con51derab1e 1mportance. In open plt mlnes, where failures
are a normal occurrence due to ‘the low. worklng factors of
safety,_the horlzontal travel distance may control whether
or not a failure can be tolerated. This type of analysls is
also important'for natural slope-stability problems. How far
back from a transportation corridor should slope stability
be checked for example? o ‘
| Eisbacher (1978) reported that rock slides ih“the
MacKenzie ﬁduntains, a future potential‘area for trarsport
| . :
and- utility corridors,‘travelled doﬁnztributary valleys for
many’ kilometers before emptylng into a main valley. Large
" horizontal distances have 'also been travelled by historic
rock siides such as the Elm, %Vaioat, Flims and Blackhauk
slides (Scheioegger,1973), Attempts yfo predict the travel
distances on the basis of dry 'sliding frictionﬂhave met with
little success and so non siiding failure models have been
introduced (Sﬁreve, 1968, ano Hsu, 1975'and Hablb, 1975) .
There have been"instanCes }where the mass has not
travelled excessirely large distances but has moved a
distance commensurate with distances predicted usinq the
laws of friction. The’Schachental; Airolo and Lecco slides
all fit this category (Scheidegger 1973). An analysis
performed on the Hope slide indicated that the horizontal‘
travel of this‘slide, similar to the three mentioned above,

- was governed by the basic friction angle of the debris
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(Bruce and Cruden, 1977) .

The eguatlons governing the Post-failure behaviour'of
the BEass .are based on energy balance considerations. The
kinetic ener gy .of ‘the.slide iS"equal to the gravltatlonal
potential energy of the mass plus external energy 1ntroduced
by. earthquakes mi/us the energy consumed in 'overcoming

frictional res1sﬁpnce. The energy gained by a slide from

earthguakes is haﬁd to evaluate. If thls energy ‘input Vas

1gnored the average distance travelled by the slide debris

1n a frictional $1iding mode coulgd be calculated
Scheldegger (1973) presented the governlng equation for
post failure behav1our as; - . .
1/2 mv2 = mgs sin B - mgs cos Bf | 6.1
where n is the mass moving wjth veloc1ty vV a distance s down
a slope of B degrees and g is the grav1ty constant. Flgure
6~ 8 1llustrates thlS pr1nc1ple.
The quantity f was de51gnated the fahrboschung by Heim -

and corresponds to the coeff1c1ent of friction along the

slide path (Hsu, 1975). Scheldegger (1973) illustrated f as

the slope of a straight line jOlnlng the crown of the slide

~to the toe of the debris. Integratlon of the above governing

€equation from the crown to the toe of the slide yielded the
51mp11f1catlon°
f=h/x ' 6.2

where;
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h is the total ve& 'is the horizontal

distancé,’meésured e_toe (Figﬁre 8-2).

Cléarly this relationship for f depends on
%hree assumptions: |

1) “Pore pressureé.during sliding are neglibie, and
2) The particle mass of m slides from the crowh' to the
toe of the slide.

These-assumptions ére soméwﬁat restrictive. Resulps_may
easily be obtaineﬂ for the motion of the centres of mass for
the slide debri in the presénce of a cgﬁzféét pore
pressure, ?. If a small portioh of the slide nmass Dm,
initially at rest, moves, through a distance of Ds, the
'resulting governing equation becomes:

1/2‘Dm v2= Dmg Ds sin 8 - Ds(Dmg cos 8 - p)f 6.3

aa - . [4

!

As Ds sin @ = Dh and Ds cos ® = Dx, the above ~egquation may

be rewritten as
1/2 Dmv2 = Dmg Dh - ( DMg Dx - pDs)f 6.3a
This equation may be integrated twice. The first

integration replaces the slide mass with an effective mass,

M acting at’ the center of gravity of the slide mass. The

second integration sums tle. displacements over the slide

path. These guantities' may be evaluated separately as the

summations are independent. The limits of integration - for
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~

" the slide path now become the initial and final positions of
the. centre of gravity of the slide mass. The resulting

equation becomes

© 1/2 Mv2 = Mgh' - ( Mgx' - ps)f 6.4
where h* and x' are the vertical drop and the horizontal

travel of the centre of gravity of the slide nass (Figure 6- -

8) .
Afteri sliding, the kinetic energy of the ﬁass is® zero.
Thus | n o _
| 0 = Mght - (Mgx' - ps)f | 6.5 o
and so. | | |
Mgh'' / (4gx® - ps) = £ . . 6.6

In areas where pore pressures are zero this reduces to
fv = hv'/xt : . 6.7

" In order to evaluate f' the positions of the centre of
gravity of the.slide mass both before and Atfer movement are '
required.

This analysis was successfully perforﬁed for the Hope

1

Slide where the pre slide and the post sl}Ee topography were

well defined and the pre and post slide centres of gravity

could be easily 1located. As a result of this success a
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similar analy51s wvas conducted on the slldes being studied
at Jonas and Whitehorse Creeks to test the appllcablllty of
this method.

At Joras Creek, linmit equilibrium analyses implied that
pore Pressures and earthquake effects actlng at fallure were
negllble so it seemed p0551ble to apply the -~above simple
technlque. Although the limit equilibrium 'analygis at
Whitehorse Creek implied that either pore preésures or

external earthquake effects were bresent at failure this

method was used to determine how closely the results /&greéa“"

wlth known movements, ThlS teSEnlgue should” glve a minimum
horizontal dlstance travelled

In‘order to define the Centres of gravity in _ the pre
and post slide masses Hhere pPre slide tepography was not
available, certain approximatiohs had to be made. A
hypothetical topographic surface, probgbly more uniform than
that which existed prior to failhre, was extrapolated from
the unfailed portlons of the slides to give an indication of ’
the presllde,rqck thickness. In the case of the failed mass -
two techniques were used to define the rock thicknesses.At
Jonas Creek an attempt was made in the field to evaluate the
geometry and thickness of the debris. Straight line
travereee were run in a grid pattern over the debrls and the
" debris thlckness was.estlmated, These thicknesses were then
transferred to a detailed,topographic map.

At Whitehorse Creek, due to the greater thickness of

‘debris, this technique ‘was not practlcable. However the very
f.»y.“» . . .
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distinctive outline of the slide debris was obvious on a

o

topographic mép corfstructed on a scale of 1:4800. Original

9

ground gontours' or the side of the debris could be
extrapolated beneath the debris and so thicknesses could be
estimated at various points on the map. | Va

A square drid, consisting of squares 60 m x 60 m w?s

overlain on the topographic  maps of Jonas Creek a%d
- . - - . (\\

Whitehorse Creek. Aﬂﬂ arbitrary origin was established

outside of the rock slide area. The distances from the’

f

origin of the grid to any specific:poiht, measured paréllell
to the grid.axeé, weré recorﬁed as moment arms; The sun Aof
the poments taken about the origin, divided by the the sum
of'the_ debris thicknesses marked on the ﬁap gave ~“the
.resultant moment arms. fhe intersecton of all three moment
arms established the centrg of gravity o% the' failed mass.
Pléte 3-1 illustrates the usé of this technique at Jonas
Creek. The horizontal and vertical distances between the
centres of gravity were then known and it was a simple
mattef to éalculate the f’value$>for cach slide. The older
slide at Whitehorse Creek could ndt be evaluated in this,wﬁy;
due to the lack of debris;

“The values of f were converted to equivalent angles of
friction and were found to be 240 and 27° respecti§ely for
the north slide and the south slidelof Jonas Creék. The
"average values of @b as defined by the sliding friction
tes£S~,uas 30.8° + 1.1° .The close agreement between the @b

value and the arctan f-values for Jonas Creek once again
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implies that the assumptions made with respect to zerd“g

T

earthquake forces and pore .pressureé are reasonable. Tgsz
vdifferemqs\\iétween the equivalent angles of 24° and 27° for"
the two slidesfag‘Jonas is small considering the precision
with which thicknesses were measured. The somewhat poorer
agreément'between the value of 27° .and the @b value of
34.29+1.0° at Whitehorse Creek was not unexpected. The limit

equilibrium analysis indicated that either pore pressures or

earthquakes may have been acting at the time of failure.

6-'"8 CONCLUSIONS '

The factors of safety evaluated by comparing' the
experimental values with the_ﬁédk analyzed values of shear
strength lay within 2 to 7 % pf the assumed value &f'unity7
at Jonas Creek theféby lending credibility to the metkods of .
evaluating field vélues of shear étrength.“ The factor‘ of
safety at Whitehorse Creek lay withinm 28 to 31 % of unity.
Although this value does not ‘agree as closely‘gith unity as .
at Jonas ,Creek the results should also be compared with
pPrevious rock slope analyses where'estimétes,have‘ been out
by aslmﬁch as several hundred percent (Krahn, 1974) .

The distahces travelled b;\ihe slides at both Jonas and
Whitehorse Creeks indicated that the nmode of failure

‘following initiation of movement was dominantly that of
sliding. At Whitehérs% Creek, excess energy or pore

pressures in the mass allowed the debris to travel a short
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- ORIGINAL
GROUND

FIGURE 6-1 Failure Geometry Proposed By Barton.

. (After Barton, 1972)
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CHAPTER VII

, ' Conclusions

In 1966 Patton introduced a simple bilinear failure

- theory to explain the behaviour - of rough uhueathered
discontinuity surfaces. in difect shear. Ladanyi  and
Archambeault (1970), Barton (1§71), and Hoek and Bray (1974)
indicated that this relationship was too simplé té be used

over large ranges in normal ét;essmlln>'the .case "of slope
stability ‘problems;the range of normal stresses encounfergd

.

is very often small and the normal‘syfbésés are low. Hoek
) 4 L=

"and Londe (1974) indicate that uhﬁertthése cenditions the

shear strength envelopgs can be represented by @b + i

- The shéar strengthdwhich‘can be mobilized along various .

discontinuities'dépends upon several variables. These: are,
the nature of therdiscontinuity, the presence or absencé of
‘soilu infiliing, t?f. degree of interlock betwéen
discontinuity 'surfacés and the,géolégic tectonic history.
Discontinuitiesfwhich have undergone tectonic deformations
-.and:'uh.ich as: a result may be almost planar, '

interlocking, or filled with gouge-like material are - the

most dangerous with respect to stability. As a result these

238 -
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have recieved the most attention in recent years. Many
comparisons were made using this type of discontinuity
- between large scale in situ tests and small scale laboratory

tests. The results have indicated a very low degree of scale

dependence. In ‘many instances the stress strain behaviour of
. the dlSCOhtanlty has closely resembled that of a soil. This
may be characterized by a gentle rise to a peak shear.
strength with ,a.'small post peak drop in shear resistance.
This type of dlecontlnulty has been successfully ested “in
the 1laboratory and the results can be treated with-a hlgh 
degree of confldence. In addition, in situ teSts, although
S . e
expen51ve, ican also be %;formed ea51ly and accurate
‘strengths obtained. | \
patton (1966), Hoek and Londe (1974) and Goodman (1976)
indicate that the stress-strain behaviour during direct
shear\ of rough clean discontinuities'is Eharacterized bi a
'rapid rise in shear stress toia peak followed by a- marked
drop in éost—peak shear. strength or highly irregular
behaviour. Hoek and Londe (1974) indicate that for this type
of surféce the peak shear strength behaviour. is scale
dependent both with respect to‘cohesion and roﬂghness; The
variabilitg of the roughness means a variability . exists in
the. peak friction 'angle\ as defined by any of Petton's
,,(1966), ladanyi and Archambeau{:WY197O), or Barton's (1971)
criteria. All qf thesé dépend to some degree on roughneés
aegles i.

Rectnt worknby Pratt, Black and Brace (1974), on clean

ir
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uhweathered interlocking surfaces of 'guartz}diorite have
shown a high degree of scale dependence.-‘TQis scale
‘dependenCe has until now been partially responsible for the
- low accuracy with which -the 'facto; of safety has .been
evaluated for this type of discontinuity. A drop of’1u° in
peak friction angle occurs over a change in surface area
from 60 to‘S,OOO cma, N

“Hoek and Londe (1974) indicated that'ihe b vaiues'are
indepeﬁdent' of scale over the range of normal loads
assocjated with slope fproblems. This implies that all'scale'
depehdence of friction angles is due to foughness. 8b values
can be ascertained very accurately by seﬁeral methods. This
impiies that allr inaccuracy in the peak friction angles.
(ﬂb.+ i) has. been‘ associated ’with tAe evaluation of
roughneSs.. | |

Partb of = this pfoblem has been a lack of techﬁical
knowledge with which roughness angles can be evaluat‘a.r»&he
purpose of this thesis was first and foremost: to de51gn‘and
test a method of evaluating field roughness. The. results :
were then tested for accuracy using detalled back analyses
of tvo rock slides in the Canadian Rocky Mountains.

The initial steps of the 1nvest1gatlon _involved an
examination. of the geology of the site'ia order to define
-the failure surfaces and the 'pertinent' geologic factors
which had influenced‘slqpe stability. The failures at Jonas

Creek uere.originally Classified as planar slides following

the nomenclature of Hoek and Bray (1974). However, the .
\ : I8
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slides had actually failed along several folded bedding
surfaces. The presence of a- large fold was defined using a
dip\isbgon map. A number :of small amplitﬁde fold axes
runnihg pafallei to thé bedding dip direction were defined

using a stereonet analysis. The failure surface was

contained éntirely within the Lower Cambrian Gog Group

quartzite.
The slides at Whitehorse Creek occurred glohg " several

"planar bedding surfaces within the Turner Valley Formation.

The slides at both locations occurred on dip slopes of -

!

sedimentary strata dipping into the valley at 30 to 4oo°.
puring the field investigations a new method of
evaluating field scale roughness was designed and

implemented. A series of compass readings were taken over

, fhe failure surfaces. A mean andvstandard deviation of ‘the-

réadings were taken at various scales and the roughness was
calibfated with the sténdard deviations. The roughnesses for
)variéué scales were calculated_and a pattern of roughness
established. At the slides studied; the first order

- roughness, the 0.3 to 3.0 m scale, appeared to control
failure. The average i angles for all scales up/ﬁo the 30 to
300m scale were also evaluated. The i angles for the larger
roughness scales were all smaller than those recorded for
the vfifst order sCale.‘ As a result, vhen the first order
roughness was overcome failure could not be averted.

The new method of anélysis has several advantages over

previous methods of roughness evaluation.
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L)) Qutcrop‘exposure does nof have to be continuous in
order to evaluate i using the new method.

2) Roughness can be evaluated on scales varying by as
mich as three orders of magnitude.

3) No special equipment is necessary to conduct a
»

survey.

4) The i angle values on a specific discontinuity ‘can
ke expressed statiétically as a mean and standard
deviation. This lends itself well to a probabilistic
approach of rock sloée stability (McMahon,1975,
Jennings, 1970). In addition, the méasuremegts needed

to establish the i angles|are similar to those neede<

to establish the mean orientation of the failure
. .

surfaces another parameter ne®ded for probabilistic

" design.

- Shear strengths vere evaluated using direct shearbyests
conducted on 5 cm x 5 cm samples of various roughnesses.
Results indicated that the peak frictiom angles could be
represented by ﬁrsxgaight line over .the tange in normal
loads tested and thQ@t the simple model of fgp =@b + i was
adequate. >Ihe shear [strengths of the small 1laboratory
,samplés:overestimated the @p values found in the field.

A Dback anaiysis,,based on the assumption that the most
likely water pressures acting in the slope were low,
indicated that the laboratory sampies overestimated the
shear strengths believed to be acting in the field.

Nevertheless, if the worst possible ground water
J
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configuration is assumed to have been present, it is
possible to accomodate the peak friction qnéles measured iq@
the laboratory. Although this possibility does exist, the
author feels that it is not a realistic éppraisal of the
porewater pressutes which weré most ’likely é§Cting on the
sliding surface at failure. . B

Basic friction angles evaluated on sandblasted surfaces

\h////’—\alsq; yielded straight 1line envelopes over the range in

normal loads tested. The friction angles for the sandblasted
surfaces fell within the normall& quoted 30 to 35¢° raﬁge for
certain rock ty}es. No attempts were made to evaluaté these )
values statistically. Only mean values were used. :

Highly polished smooth samples wep€é also tested in

direct shear and friction angles as low as \12° were obtained

for the quartzite and 15° for the dolomite—samples. The

angle varied with the surface pfeparations. The range in

normal loads did not cause any surface damage to the$é°"

2, en
[

samples.

Tilting table tests were conducted using 5 cm x 5 ém‘
; . Ty

sliders on plates of quartzite and dolomite. The values w0
# '

measured on the tilting table were equivalent to the valuébif'?

. . /
define @b values. The advantage of this technique over

direct shear box is the ease and inexpensiveness with wh

friction values may be defined. This type of apparatuS»;iét

be useful in the early stages of an investigafionffé
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perhaps a feasibility 'study where many différent rock types
have to be gquickly evaluated. This tybe of test will also
yield a large number of test results_quickly and- - easily, a
resul: which could be beneficial to a.probabilistic approach
for defining @b. This tes€ﬁ§$“of course only of use for hard
rock surfaces. \

Analyéis of failedf slopes baéed oh the laboratory
determination of shear strength in conjunction with field
values of i yielded a factor of safety of 1.02 to 1.07 1%\";
Jonas Creek and a factor of vsafety of 1.2 .to 1.3 at -

- Whitehorse Creek. The value of cohesion used in both cases .
was zero. The close agreement of the féctors of safety with
unity at Jonas Creek indicaf@d that the i angles measured in
conjunction with the friction angles adequately reflected
the shear strengths being mobilized at fa%Lurﬁﬁand indgcated
Mth@fjthe factor of safety of a rock glope man;e identified
.gééu%€$§%j’ given that a) the proéer failure surface and
fhiiﬁf;mgéﬁe can be identified in the field and b) that the

' 'slide ‘is of sufficient size to overcome the sensitivity of

El

ﬁhe féctor of safety to the value of cohesion. Stewart

. - (1974) indicated that the value of cohesion chosen for small

| slides controlled the factor af safety to a high dggree; Any
inaccuracies in the cohesion then led to inaccuracies in the
factor of safety. Krahn (1974) meanwhile indicated that for
the large’E;ank slide, the factor of safety was insensitive .
to the chasen cohesion value; /

(¥

At this time no satisfactory method” of evaluating

)

b4
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cohesion< for conventional approaches or probabilistic
. T o . . L -
approaches has been derived. chahon (1975) has proposed a

method for deternlnlng the probable extent of = rock brldges

’glvenr a number of measurement< of dlSCODtlDUlty extent. The
'strengths to be ass1gned ‘o the rock bridges are themselves

‘tlme,dependent:and not completely understood.

It iould appear _then, that in a rock mass wlth clean
open dlSCODtlBUltles with no rock brldges, . the p0551b111ty
of evaluatlng the shear strength is good. The potential for

evaluatlng the factor of safety of & slope ‘in which cohe51on

'1s playlng a major role is- at thlS tlme not as satlsfactory.‘

N

_ The calculated,factors offsafety for' the Jonas Creek
slide indicate that in all probability the assumptions made
with respeCf to pore water pressure values were correct.

However, atd Hhitehorse,‘Creek this was not the- case. The

o~

facrors of safety calculated were 20 ‘to 30% hlghe5 than

”unity, The,most likely cause of this 1ncon51stency rests in

the assumptions made thh.respect to wvater pressures. Very

little water is needed to cause high pressures in areas
~Where ' joints may be tightly closed. It would appear,
howeper, on the ba51s of: sectlon 6-6 that perhaps a number

" of factors could all have combined to leQ the hlgher factor

of safety.’ These are rpore pressures,- #b values and’ the

\

- possible presence of an earthquake.

The two slide areas 'studied here appeared to be
. . - ,

T

. COntrolled in their pcst failure movements by dry sliding

friotion;L The friction angles definedkby using the tan f

. 245,
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values (sectlon 6- 7) Were sllgﬂtly lowver than £hé tan @b
values prev1oung estimated, however, a lower frlctlon angle
‘would be expected due to the decrease 1n g caused by the
differencée between static and dynamic coefficl

friction, Given thlS argument it would appear th=“

slides at least, it is 20551b1e to predlct ehow far debrls-‘

will travel. . ;\\J//*’\\'
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The pet hodr used to detect the presence of the small
- folds on the north‘failure surface at Jonas Creek was first
proposed by Ramsden(19f7).‘ The teChnigue Gas\devised in
ordet. to detect Small dif ferences in orientationdof geologic

structures which Here s1m11ar in orlentatlon.

‘In the graph1ca1 modification of ,the“ ‘method proposed‘

here, the average orlentatlon of a group of poles to. tM%

‘dlSCODtlDUltleS was found by plottlng the data on an egual\t

~area net and contourlng the dat- : ts. The average pole

faxis parallel “to the average strixe of the dlSCODtlnultleS
S . m@g .
and'the‘individual Points

. ) o . Uy .

Straight lines j & ni
of 'the indi#iduaz

direction of each line -theh indicated the direction'of the

depafture of the 1nd1v1dua1 pomnt from the mean orientation'

-of the surfaces and ‘the length of the llne the size of the,

4

departure. If such lines are plotted on a map v(Fugure A-1-

LI very small systematlc dlfferences 1n orlentatlon can be

s

‘stereonet about an .

rotated dan- equal' amount;'

.centre of the stereonet to each

s . Were ‘then  constructed. ' The""

detected and ‘various 'structural features- could be more .

‘easiiy.recognized.j . -
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Reasurements of roughness

strength data performed on%a large scale (Krahn,

situ
,~to perform and are common but they are of
',yalue.' i} S e

‘mass of a’heddlng surfaCe.

‘vertical j01nts.

;beddlngv plane

- upon’ which it had-become'stablllzed.

the

with thefrpeak shear ’

found ip the

7

large ‘scale sheaﬁ?tests are. of
to obtain and hence are llmlted to ve ?

Ld

In the case of natural slopes,

v

tests

can be e
Small scal*

valuated u51ng back ana

During field -mapplng at Jonas Creek, a 1ar§§

guért21te over 4.0 o long

plane for

a‘;ddstaqu

back and lateral margins of the block were deflned

The/ lateral marglnS‘ vere open

apparently not restr1 ting mOVement. It was thougbt

testlng that the block had mg ed down ‘the* slope

surface untll 1t had encountered an

\
-

fleld during fallure, ‘is the lack of

1974
scale
somewhat, ,

-°va*‘v_ ’

Has found separaﬁﬂﬁ from the

it was thought
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ARPENDIX A-2 In Situ Shear Test
- INTRODUCTION * = - &
: ‘ ; ‘
- |
One of problems found 8} correlatlng the f'eld

projects.

shear

. JOf falled areas.

ar tests on Scm x Scm samples are inexpensive

limited

block of |,

main

The rock had Slld ‘along a beddlng

of 0.6 o befére comlng to rest. The

by near

and were

~prior to
'along

asperlty,AH

that a
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* '_
{

direct shear test performed on thls block to yeild a peak‘

frlctzon angle. of ﬂb + 1, could be used to verigf the fleld;*'

measurement of roughness evaluated prlor to théw’est.~

The block was. located on the north west margin of the

-north sllde at Jonas Creek. It wvas bounded on the back ‘side

and. both. lateral marglns by vertlcal 301nts which were open
and contlnuous. There dld not .appear to be’any joa.nt contact

between the side ~.of the sample and ,surroundlng bedding

‘surfaces from which the sample block had moved. The toe of

i

"~ the block uas unobstructed.

&
The block measured 4.0 m long, 2 4 m vlde aZE 0.7 m

!
s

thlck The - wefﬁht ‘of the block was 1&4 kN. Thek%igck'was

resting on a slope with an average dip of 3q°.

ROUGHNE ESS EVALUATION “‘ e
. o )
The roughness was evaluated u51ng a varlety of

technlgues on the upper surface of the unsheared blOCk prlor

to failure and the failure plane after the test left the

failure plane exposed. The roughness on the upper surface of

the block ’ evaluated u51ng the new varlanoe technlque, was

: baSed on 75 measurements located at'_5 statlons on the

surface. The’roughness, evaluated in ,this_ manner had: an

L

average i angle of 3. 79,

Eollowing the‘teSt, the roughness vas evaluated on. the

efpgg?ﬁ surface using only 2 statlons and the average .fh

angle vw 3. 2° This agreed well v1th the average i angle

o

L

G
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recorded from a profile of the bedding surface found below
the test block. This average i angle was 2.6°.

1

., %  Prior to testlng small loose, ‘rocks and 5011 debrjs vere

pi 3 s

renoved from the back and lateral garglns of the block.

_':\‘}@i"ﬂﬁ‘“ \"'o.’ < )
;f o Durlng thlS operatlon tree roots were exposed at the back

\

margin 'of éﬂb @&sx vbbock and these were thought to be

r . a \tJ &-“) . . . . .
resﬁ%nSLble for 1n1t1at1ng the original movement .  of = the

‘ sample block. C
Black palnted aluminum strlps, 2.5 cm wlde and 1 m, long

vere anchored by adhesive to the sliding ‘block. Slmllar

strips were erected on the stable portion of .the s10pe

4 apprOX1matelyl 1 to 2 m away from the lateral margln of the
test block. Survey ribbon vas nsed to tie the str;ps_
together and Lto identify each strip. The rods vere all
’positioned verticallfu on the rock"and the horizontal

‘@ﬂt ‘Hid ances betgeen the rods was recorded. A 35'mm camera was
p051tloned 18. 2 ‘m away from the centre. of the. test block
gwalong the strike of the beds. Photographs were then taken of

the' test set. up every 10 seconds durlng the test and

v" dlsplacements of the block were recorded by measurlng the

relative dlsplacements between the statlonary and mOV1nq

. . s ' ) . N . ‘;/
aluminum strips. ‘ ‘

/

In: addition a steel tape was epoxied to th%t moving;'

».sanple block. The tape was stretched from the sample block



'spacers between the jacks and the statlonary beddlng surface

R TGS g 1S Ty
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to a'cut Cross on the stable bedding plane behindr As the
block was nmoved foruard during the test displacements vere
measured with respect to time.

iThe shear load was applied by a pair of hydraullc rams

placed in/ the already open joint at the back of the Sample

X2

‘block. The rams were lndlvadually controlled by a gate valve

w

S0 that one ram could be smut off if the block strted to

turn in 1ts track. Aluminun plates were placed betveen the

S S . -
rams and the gock surfaces%%oaaccomodate the roughness of
e s
EQe 301n% walls._

The shear load deﬁ@ d durlng the test was measured
on two hydraullc gauges % ch had a worklng range of 60 to
5000 psi. Qulck-connect”hoses uere used on all connections.

Alumlnum plpe spacers ,of varlous lengths ’were used as

i

-behind. This beddlng surfacJ extended ‘for well over 30 m

back upslope gpd hence 'served ‘as. a reaction block.. a11

readlngs of, load and- dlsplacement and all photographs vere

taken every 10 seconds.'The load tlme and deformatlon tine

. curves were then‘ used to construc¢t the load deformation

graph.

o

POST SLIDE-OBSERVATIONS

LY

During the test, a very loud groanlng sound was heard

—

vfollowed by a sudden crack and a sudden acceleratlon of the

block. The block only noved 1.7 m , however, as-the lateral -

IS
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marglns weﬂged and caused a2 sudden stop.

Follow;ng the test the exposed failure surface was

examined for surface damage. Omne small scratch less ‘than 5

Cm long was found. Large areas of sheared rock were found an

the edges of ¥the block vhere crushlng of asperities had
occurred. anortunately, this component . of - the total
measured shear.re51stance, was unknown.h |

The/ failed block was found to be.raised up off the
fallure surface at the end of the test. ‘The block was flrmly
wedged between the unfalled portlons of the beddlng planes
on _th\xxlateral margans - of ‘ths test block. Several small
spherica ‘pieces " of rock - approximately 7 -10 cn . in
diameter,"were trappedv beneath the sample block and were

apparently supportlng its weight. Thls, in conjunctlon with

the very 1little surface damage whlch occurred on the basal

©

surface, indicated that perhaps the block had moved on° very |

small contact areas.

BESULTS

The resultlng load time and deformatlon time graphs are

i X2

hlghly 1rregular (Flgure A-2-1). Howevér, it would appear

-from the dlsplacement time curve that @ constant
dlsplacement ‘per un1t time occurred mldway through the test.

«U51ng the ‘average load developed during this perlod a peak

angle of 36° to 370 vas calculated. This 1mpl1es that the i

angle was 6° to'79, almost twice the angle measured before

y
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and after shearing. The excess strength derived frog the "
P ‘

crushing of the s1des was unknown.

v ’

DISCUSSION
Due to the loss of frictional contact along the base of

the‘sample, and due to the interference of the side effects,

it is net poss1ble to. isolate the component of suea;

‘re51stance prov1dedbby the beddlnggysurface ’roughness. The

'roughness of the vertlcal joints was unknown but beoause of

- the hlgh degree of local crushing whlch occurred in places,

it is doubtful that a valuf of i would have been of a
. significance. The va;‘he of 36-37° for a peak shear streiu’

: )
of the block is con51derably below peak stréngths measured

in the laboratory tests.

The resuits of.the iu situ test are inconclusive. ‘A
continuous recordiug of the load versus displaceuent is
necessary durlng thesestests and should be incorporated into
auy future tests of this nature.

A movie of the.fallure was . taken on Smm film. The
results of this were unfortunatelyﬁof 1ittle significan;e
'due partially té the'anglevof shooting and also due '@o the
small | film vlsize; ‘Fu:ure tests ‘should look into the
possiﬁility of getfing above %ue plaue of sliding . of rhe
block to record the failure ousrilm.’ |

Thisﬁ method is deflnately a v1ab1e testing method but’

more expense in‘both time: and noney 'should be done for
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future tests of this nature.
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APPENDIX A=3 ° .SAMPLE PREPARATION

Section 6-3 outlines the procedure for obtaining large
block sampléé in the field; The blocks afe separated in the
field to insure that- the discontinuity ' being Sa;pled
represents the desired surface. The sample is then wrapped
to avoid mov;megt and transported to the 1lab.

The samples were kept wrapped in fib:egl%ss reinforced
iape after tréﬂsport. The direction ofisheaf wvas established
in the lab on tﬁe basis of the orientéiion-qf micro joints'
(section 6-'4) . Ideally the direction of shear should be
marked on the samplé as it is rgﬁoved_from t he sitebnear"the
failure plane. The in situ dip and dip direétion of .the
sample should be marked on the rock in order to orient the
sample with'resngt to the failure surface in #he lab. This
 procedure was not performed at the areas studied as the
material was recovered ;frém the slide débris and the
'originql dip and dip'difeCtiQh could only be inferred.

.FClIOHing‘tﬁé evaluation of sahplg shear dinection,‘the
uppe£ surface of the sample was divideﬁ'iﬂto square§ using é
'feltc,pen,rmariéffqahdﬁgsteel scale. The directions of shear

_ AE L b _ L
vere then marked on éach sample. The large block sample was

.

then . placed in a water cooled d%amdnd saw .and thé,samples
.were sliced to their 4.5 cm x 4.5 cm dimensions. In most

" cases the samples were too high to be used-directly so the

N

14 . I
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ends were trlnzzd off.JThls left a sample of u 5 cm”’ 4.5 cm

and approx1ma ly. 7 cm. hlgh. The' dlSCODtlDUltY i‘ias.

approx1mate1y -at the m1d helght of the sample. Hasklng tape
was. vrapped around ‘the sapphe at the*mld p01nt to av01d ‘the
seepage of moldlng materlal xnto ‘the dlscontlnulty. .

‘ The ’castlng (of the’ sample to 1nsure a snug f1t in the
direct shear box was«a 51mple procedure. Alumlnum molds n;th“
1nter10r dlmen51ons of 5 cm X 5 ¢ vere .used. The molds Hered
capable of being dlsnantled gor.easflfremoval .of- the caétw
specinens. o : . |
A_hlock of plygeodﬁu.95‘cm square and 1 87 cm thlck vas

ther used as a base. Four 2.5 cm long flnlshlng nanls were

hammered into the wood then withdrawn several tlmes ntll
they "could move ea511y 1nto and oyt of. the wood.,The block
with the woed was then placed in th mold. The bottom ~half
of the samnle block wvas then‘placed om top of the nailéoand
pushed by hand nntll the discontinuity” snrfaée Was iével

"with the ‘top of the mold. The rock sample was then remoﬁed

a

from the moid.
The moldsvyere placed in hot wax and allowed ‘to heat

for aﬁproxinately 1 minute.{Uponfremoval the wax flowed out
of the molYd leaving a very thin skin of wax which ‘hardened
in about 5 minufes. When rhe vax had hardened the rock
sample was replaced in "the mold in theéorlglnal position. A
mlxture of Randustrlal bolt anchor sulfaset and water was
then made. The nix had enoubh water to give it ‘the

consisténcy of white dglue. ‘The mixture was then poured into

“

a:
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"the mold around thé edges of the sample. The mold vas fllled

o

‘ . ‘
to uithln 2 or 3 mm of the dlscontlnulty llne.‘ The sanple

was then' allowed to cure/ﬁor 24 hours before belng removed

from the mold he marklngs on the - rock ‘sample were then‘-
transferred to the outside of the sulfaset. ¥

The second ha%f of ‘the, sample was’ prepared 1n a similar
manner. An extenS1on ,of‘ the mold ehsured that the second

A

half of the sample bélng molded lined up Hlth the prev1ously
molded sample. The sulfaset was then added to the .'mold and

left for 24 hours. ‘(/F*V' . . , : .

s

The " . sample ‘was. removed from the mold and the plywood
blocks and the protrudlng flnlshlng nalls wvere removed by a
small trlmmlng saw. The samples were then stored in the lab

prlor to sandang and testlng. Prlor to testing the Dbotton
'

half - of samples vere sanded on a flat surface to ensure a

snug fit in the shear Lox. ‘The upper halves were sanded

nder51ze “on, a sandlng belt Hlth a sanding jig clamped in
v N

place. Thls ensured flat s;des and true corners. The masking

tape was then removed from aroundwthe dlscontlnulty surface.

The samples were then~stored in~ the testlng room at

approx1mately 25° c: anda a relatlve humldlty of 10%= The

samples were air blown cle n 1mmed1ately prior. to testing.
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&  APPENDIX /A—u SHEAR TEST RESULTJ

- . R . R
-

This apﬁendix‘presents the results of the direct shear

-

- tests, and the tilting-table'testS‘perfo?med on the bedding
: o o ,

surface discontinuities retrieved - from Jonas Creek and
-at A " |

" Whitehorse Creek..

R
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TABLE A-U4-1

(N 4

Shear Strength Data for Jonas Creek

area N
(cm2) (mPa)

18.9 0.130

1941 0.220

16.8  0.140
o o

19.0  0.333

18.3 1.222

20.8 : 0.052

{
20.8 0.144

16.6 0. 744

" 20.6 0.302

21.0 0.434

23.1  0.296
21.1  0.170
14.6  0.343

21.4 0.604

"’21-3 0.308

19.7 '~ 0.577

Tp

' }mfa)

0.181
0.289
0.361
0.313
1.551
0.554
1.162
0.043
0.251

0114,

- 0.218"

0.321
0.526
0.227
0.251,
0. 384
0.597

0.386

/

Tult

(mPa)-
0.038

0.073

- 0.047

'0.133

0.341

0.020™

A
“0.064

0.050
0.134
0.206
0.291
0.112
0.120
0.156
0.389

0.158

i dilation

degrees

u.s
9.5
16.0

5.8

_‘12-0 -~

l'5.5‘ -
7.0

3.3

6.7

10.0
7.5
0.0

4.5.



TABLE A-4-2 S . )

Shear Test Data Hhitehbrse Creek

sample = area ‘N . Tp ~ Tult i i}ZZZIaa\g\\*g

(cm?) (mnPa) v(mPa) (mPé) degrees

1/ 1W.0 . 0.622 0.906  0.519 6.0
2 ‘ 17?6‘ml0‘127 0.33% - 0.039 . 4.5
3 " 16.8” .0.356 0.404  0.227 0.0
4 . 164 .0.219 0.413  0.109 2.5 (;\
5 17.2 0.849 1:092,1 0.653 3.0
6 W.1. 0.418 0.512 0.306 o 4.0 .
Vo 13.4  0.569 0.894  0.411 C 6.0
8 . 17.0 ~0.578- 1.185  2.970 8.0
g }017.9‘ 0.062 0.165 0.091 | ¢+ 9.0
10 '.15.6 0.077 0.561  0.046 3 18.0 4
11  14.1  0.052 0.126 © 0.038 1.5
12 18.1 . 0.659  1.179 0. 620 8.@
.
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o TABLE A-4-3 ‘\\C,
Sﬁmmary‘of thé‘prtificial Surfacé Shéat Test Results ‘
\  samﬁle' are? SN LTp .
| em?y - qmPa) | (uPa) '
h f‘,§OLISHED QUART?ITE( : - |
1. 16.6 0.053 ¥ 0.020 o °
o2 BRI 0.029 |
3 7.3 S ;/ 0.139 0.031
i S 9.1 0.255 0.062 ~
Vo F\‘ 19.4 . 0.343 0.087
) 6 16.0 o.ise 0.176 .
-"_jf:;--T ------------- T SrTTTTTTTITTTTTTTTTTT
/ SANDBLASTED QUARTZITE |
| 1 201 0.114 '01075
2 18. 4 o 0.174 0.104
- 3 1729 . 0.234 0.159
TP 0.324 ' 0.208 3
"““’“'”"‘°"“°°"'---'-°J"'f """""""""""" ‘;:Wr
SANDBLASTED DOLOMITE ‘
=t 15.2 0.110 0.082
2 1s.0 0.224 0. 163
3 15.3 0-422 0.245

4 15.5 T 0.759~__/ _ 0.581

Y
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