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A better understanding of the behavidur of .

fissured clay of Eastern Ontario in shear is required,

ag well as the influence of bond strength upon its

B

~ shear st:ength parameters. ;
| Aﬁ‘a limited amoﬁnt of rélevaﬁt'litetaturg
was availablé the beha;iogr in sheér of three fisstred7
clays was studied Also inveétigéted was‘the influencé
of clay strength upon such propertiea as vo;ume thange
:during shear and volume change during isotropit'cdﬁqdlif
dation, strain during_shear, fileld va%e strength, and
préconaolidation préésuré. An empirical relatipnship
etWeen.effective stress shear strength and‘field.véne

i peoponet,

strength is proposed.
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. CHAPTER 1.

INTRODUCTION
1.1 General . . o . ' o

. Presented 1§ 4 study o0f the behaviour of

three Eastern Ontario fissured Leda clays in shear. The
influence of bond strength upon volume change from. con-
'sblidation-and.shear, strain from shear,'fieldgvane

. strength, and preCOnsolidation pressure 1is investigated.

At present information describing behaviﬂur

in.shear for fisaured clays of Eastern Ontario is limited
Deviator-strength envelopes for a few fissnred clays. from
‘the Ottawa area ere aﬁai;able in the literature.

This research wae carried'out to achieve:

a better understanding of the behaviour in shear of
. —
¥ :

these fﬂssured clays.

1.2 Statement of Problem

K_stud§ of the behaviour of the Eastern

" Ontario claye in shear leads to three main questions.

- . o

|

—_———t



'1.:”How,caﬁ thg*action‘qfltﬁe clgy in sﬁéar Ee Bést

| &escribed?

'2, Ig‘there.aﬁy:relationship bétween.effectiﬁe stresé
shear strength and othér properties of tﬁé”fis—ﬁ
sured clays? ;/ N . | |

_5. Do the shear strengths of the fissured clays
'tested differ from each other and also frcm thoae

L]

in the livterature from the Ottawa‘area? .

It was proposed to providé answers td these queétions by
investigating the behaviour of three fiséureﬁ clays in
'shear;

<

1.3 pb{eétives of the Studf ' . . ' ' ~

'Little is known of the‘behaviour-in éheaf
of fissured-clays of Eastern Ontario, ‘except perhaps those
n.the Ottawalgrea. The purpose of this study was'to
improve that knowledge by investigating.and-descr;bing
the behaviour in shear of fissured clay dqposits ét Castor
River, Soutﬁ-ﬁaiion, and Bear Brook in RLssell‘County,

approximately 25 miles south-east of Ottawa. This was the

primary objective.

P LI



An additiohal objective wae to determine ' ' .
if there 1s a relationship between the effective stress'.

-shear strength and other more’ easily measured clay pro-

perties.

174 OQutline of Thesis

+

'+ Following 1s a chapter-by-chapter summary

of thesis contents.’

‘Chapter 2 r'Intredubee.are the drigibs, properties, and
the twe:major knewn‘clesseé-of Champlain’sea
“Ciayg fissured and intact, .. o - : S
Chapter 3 ; Beginning with the classical Mohr-Coulomb

failere'eﬁveiope this Chapter follows the

STy S TR

deveiopment oEEthe effective sheer strength
enbelope to Qﬁelof three fegioes; and the
Jshear.mechaniems in each. Also eiscussed-is‘
the cdeeept of peak and post-peak eeviator
’streegth;
Thapter Ai— Factors such as rubber ﬁembranes, piston

| _friction and sample disturbance which may g

'influence 1pterpretation of triaxial deviaton\>

strength results are assessed,




éhapter 3 - Description bf equipment is follqﬁéd by : H  ﬁ‘;

| ) | choice of aiétféss path and‘selecﬁion-oéfé

working normal strEss'rQnge for the testing.

_prograﬁﬁé. Tﬂis ;élfollbwed‘by a s?mmary of

test-pf;cedures emploxed.

Chapger 6 - Index pfopértiés,:sita locatioﬁs, soil pro- -
files ‘and preconsolidation pressures for the - ,
fissured clays tested and some clays from
the literature are diséussed 3 ey

Chapﬁer 7 - This Chapter deals with the behav;%ur during
consolidation and shear of the three fissured -

'claYs‘tested, “Also investigated is the in- - . . “H'
fluen;e.of‘bopd strength-upoh pfdﬁerties of

the fissured clays.. A yield cpfve is esta-. ' o ;'

blished and the shear strengfh envelopes from _ _.- S d
‘teétiné'ére fresen;ed;

Chapter é - Presentgd are other curves of ghéér stréngtﬂ‘ : o R
' lfrom the literature for fissured clayé; Pro-
pértiés pf clays from'the’liéeratgre_and the;
'clays-tested'a;e‘éompared.-_A cpfrelation

" between fleld vane strength and the strength

. envelopes for the fissured clays is proposed.

-.Q ’ ‘- ° .. - L




| S ] .
- - 5 =
L . T . .
Chapter 9 - Summarized are conclusions regarding the ' .
behaviour in shear for the three fissured
A . '. 7 .* ‘ ’ : . . ' iy
clays tested, and also objectives achieved.
Recommendations and suggestions for future
work are also made. :
. '
-, ).
Y e
]
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o
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"-‘. . ' . D
i .
. r .
. : {
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"CHAPTER 2
GEOLOGY AND CHAMPLAIN SEA CLAYS

2.1 Géneral

This Chapter deals with the originsé extent ' -

eneral properties of the clays depésitédfin-the

Chamblain Sea. 1tt§ppea:s that there exist two differgnt
clay deposits. A Leda ¢lay, thought to.be fissﬁred, is-
~found predominantlf at the surface in'Eastern_Ontapid. A
considerably less fissured or intact Champlain clay is’
usually encouutered below this fissured clay in- Ontaria ) .
and at the surface in Quebec. ' Somefof the properties of. !

*
g

these tﬁo_clays are discussed.

2.2 Geoldgx‘.'

-

The réasons for variation in shear stfength'
6f the ﬁarine.ciéyé of fastérn Canada lie'in'the geologi-
cal history of the deposits. that is, in'£he environment
of deposition and in- changes subsequent to dEpOSltlon

At one time, most of the northern part of

this continent was covered by the Wisconsin ice_sheet.




#

'whose great weight depressed the land several hundred'
feet (Cranord 1968) . As this glacier retreated the
present St. Lawrence Valley was inundated by the marine
waters of the Champlain Sea.: The glacial melt waters,
bearing sediments from till and bedrock, deposited a
soft silty marine clay on the sea bed eventually cover-
ing most topographieal<features {Gadd, 1962). This sea
bed, at its greatest extent 12,000:years ago,(Karrow?‘
1961), covered'an area“bOunded by Pembroke,'KingstonT
Hontreal; Quebee City, the Lake St. John District, and
the shoreline of.the.lower St. Lawrence as.far‘as Anti-
costi Island (Figure 2:.2. l) o |

‘The land, relieved of the wqight of re- | ?-
treating glacier, rebounded and-the Champlain Sea beeame o ' ;

1shellower; Due to a sudden influx of fresh water, from

VTR AN

either the Great Lakes or glacial souqces, the salinity

of.the Champlain Sea was greatly reduced (Gadd, 1962). | ' \
In some loeations, the top of the original marine clay

- stratum was eroded and redeposited in this fresh uater

'-environnent The erosional agent is thought to have

'been turbulence from fresh water rivers flowing into the

'St. Lawrence Basin‘from_the newly established drainage

system in the surrounding lonlands fGadd, 1962). Approxi-

mately B,OOORyeers,ago, the bed of the Chanplain Sea,
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- rebounding after theUmelting'of the;glacier, rose above:

sea level, resulting in a clay plain
The name "Leda Clay -to 3enote the clay
of the St. Lawrence Basin is attributed (Karrow, 1961)

to the nineteenth century geologist J. W. Dawson. La

Rochelle et al’ (1970) suggest the name Champlain Clay

Sangrey and Paul (1971) propose that there

are two distinct clays in the Ottawa area, using geo-'
‘ o =850

techndical eyidenceito confirm Gadds geological findings.

This séems to be confirmed‘by shear strength data and
tability analyses of clays-in the Ottawa area.

Since literature pertaining to. local

Ottawa clays has used the‘nomer

a¢ Leda, this will be -

adopted. The clays shall be dedtiglPed as intact'ﬁnd

' fissured Leda clays. Present evidence indicates that the

lower clay (the original'deposit) 1s an intact clay while

the upper or redeposited_clay contains micro-fissuring

throughout its depth (Sangrey and ?an. 1971).
at-h - ‘

o,

2.3 Fissured and Intact Champlain Clays

There are thought to be two clays of

widely varying properties in the Ottawa area. A fissured

fresh water clay ogerlies an intact saline clay. In some




e

locations, this intact or considerably less ﬁdssured clay
has not bcen deeply eroded and Tﬂ"?ﬁ?bre occurs- at or near.-

. the surface (notably in Hull and at Greens Creek) . This

freshwater clay appears to be found mostiy in Eastern L
R ‘ . ' S ‘ B A
Ontario, where salinity may have been reduced by fhcoming

glacial melt_water which eroded the intact.nerfne clay.
Further East, around Quebec City, currents from fresh inegw_

'coming glacial melt water possibly had little ability to

. , . -#
rework intact clay. Also water here may. have been mqre.

salinc, oeing'closer to’the oceanT . ’." v v
The_intact clay in the Ottawa region'is more
silty and less‘plastic than'the'fiesurcd clay Intagt
clay can be visually distinguished from fissured clav bv
crumHﬂing the clay between the fingers. Fissured clay
Cwill fracture into small nodules, less than 1 cm, whereas
intact or considerably less fissured clays will tend to
.not Tr 'ble. Since both‘have similar water contents; thé
liquidity index of intact clays is higher (Figure "2.3.1}).
.The upper clay genetally is gray in colour and contains
red or pink horizontal bands while the lower clay 18 a

blue-grey colour with black mottling;'

Although the undisturbed undrained strength of

Pomrs

Lo

the two clays is essentially the same, the lower intact
clay is considerably more sensitive. angrev and Paul (1971)

.have noted that thc intact clays have an effective fissure

\/’)
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‘spacing of 15 20 cm, and Rockclif;e fissured claf'a.spacing :
of less than l‘cm. Jarrctt (1972) observed silt bands and
fissures in aﬁ.optically thin section of Rockcliffe Leda-
Clay (?iéure 2f3'2?' A system of Eissures existed" at 60
70° to the horizontal. The orientation of theﬂﬁﬁay

_ﬁarticles in the‘fissured zones were found to'lie_in.the
.dlrection of'therissures Sllt bands were observed to be
vertically diSplaced aCTOSS these fissures or rather lines.
The effect of the closely spaced fissures in the upper clay s-c,e
is important in slope stability analysis.f Typical shear TR
strength-envelopes for the two clays are shown in
Figu#232,3}3. | |

“Analysis of porewater has shown. (Sangrey
and Paul, 1971) the intact clay to have higher concentra~
tions of sodium, iron and manganeSe; and the fissured
clay to have higher portions of potassium, calcium and
magnesium (Figure 2.3.4). "It is the ratlo of sodium to
calcluﬁ that is often used to describe the clays. ‘Sangrey
and Paul suégest:that‘flow slidiné is restricted to
fissured rcwopksi‘clays (lower sodium to calcium ratio),
however, massive flow slides haee occurred further ‘east 1in
the intact'Champlain clays.

What aotually has caused the fissures ic

~fissured clay is not fully known. The older, intact,

marine clay 1s fissure resistant, yet the younger, fissured



i Fissurés inl' L
Leda .C_‘lay' o
| _
Tem. .

._major system

—minor system

Fissures and silt bands’ in an
oplcal thin section of Rockcliffe

Leda clay

-magnificdﬂon of scale: 4x

weer /It bands
—— flssures

:

from Jarrelt? (1972)

o m . figure 2.3.2




Represéntative Shear

'Sfre"n‘gfb Envelopes L

fissured clays

intact ¢Iays

o = effective normdl slress

7'= effective shear strength

figure 2.3.3
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fresh water clay is: fissure susceptible. Mitchell.(lQTO)

' postulates thet the microfissures "may be a result of

stress-’ relief due to ovarburden removal and slope cutting.'

The formﬁtion of microfissures by ‘this mechanism would
depend primarily on. the relationship between the swelling
pressures and strength of cementation bonds in the clay.
Another cause of fissuring or faulting in the fissured
‘clays may be due to the CYCliC fatiguing effect of,
seasonal ehanges in temperature and groundwater over loné

-periods of time.

2.4 . Properties of Leda Clays

Crauford (1965)'in‘his psper "Quick.Clays'
of Eastern Canada” hes amoly described Leda Clays in'terms
of‘composition, structure; sensltivity, compressibility,
and over—consolidntion;_ . |

His obseruationsfhre-msinly bsseu on.Leua
clays of the Ottawa area ({more @Aikely fissured rather
than intact) ﬁ§u£ are-probably'renresentatiue of the clay
deposits studied 1in this thesis (Table 2.4.1).

The work by thls writer has been confined
to a study of the engineering properties of the solls;:
the index properties, vané strength preconsolidation

-pressures, and malnly the effective stress shear strength

properties.

[
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2.5 The Leada Claj Crust

] It is known that the Leda cley crust,.
- oftenm h;ghly overconsolidated by weathering, is much
‘stronger than' the unweathered clay beneath it webb (1970)
- has shown this for a clay: in Ottawa South (Note Table
2.5.1). It appears that the crust at this location ex-
tends to about a 10 .to 12 foot dEpthJ The thickness of .
“the Leda'elay erust on a slope where the rate‘of erosion
is eoproximately equai to the rate of crustal formation
‘may te thin., Eden and Mitcnell (19735 in-analxzing
‘failed slopes in the Ottawa region, found that the depth
of ;nitial “failure extended belbw the depth of active
weethering“ in most cases. |
.Althouéh the crustal strengtn‘would heve'
some influence ‘on the stability of slopes, it is likely
that a potential failure .arc would develop mainly in the
weaker stratum below the crust, where resistange to shear
would be considerably_less. It would appearﬂthat the
predominate shearing resistaxce‘is provided by the un-

*

weathered clay bemeath the crust.

i
“
1
!
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TABLE 2.5.1
ﬂpplied effectivé--. ‘Depth. Measured effeé;ive _ .
. normal stress - of shear strength ' .
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,ChAPTER-SI I

THE MOHR—COULOMB\EH‘N)\I.IE. ENVELOPE

3.1, Géheral

jhis Chapter begins by discussing the

|

clagsical Mohr-Coulomb failure envelbpe and its applica-
tion to the shear strength of soils. The developmenﬁ of
the Coulomb failure envelope for soils from a straight

line to a carvp;a@proxima;ed by threa stralght lines 1is

outlined.

Lo
Following this is a ﬁ?te‘bn the trans-.

formation of the deviator strength envebope to the shear

MSCrength enve ope The effect of anisotropy in’a fis-

sured clay, and peak deviator strength analysis is also

discusséd.

3.2 %%e'01assica1 Mohr-Coulomb Failure Envelope

i ; . ‘

r

Generally, clay soils in terms of effective
stresses are assigned properties of strength of a fixed

. ’
cohesion, ¢; nd a constant angle of internal frlction, ',

[ TN

B
b



rePresented by a Mohr Coulomb failure envelope
(Figure 3.2.1). This Mohr envelope is- tangent to-a_FI
series of Mohr circles. These Mohr circles represent
limiting combinations of . effective sheér stress’ and
effective normal stress , This straight line envelope. .
of slope tan¢' intercepts the T exis at c' and 1is
identified by the equation ' = G‘ten¢”.+ c';‘.All
points 6n this line satisfy failure criteria.

e

3.3 The Failure Envelope of Leda Clay o \ _

It was_recognised by qrawford‘and-ﬁden
(1967) that the use of tne clsssical_Mohr‘envelope de-
jrived from hiéh'stress range_testing did not edequately
describe the response of the Leda c1e9~soil for the
reduire&ents—of slope stability analysis. They con-
'sidered that an extrapolation to a lower .stress range'of
triaxial shear strength reSults, obtalned using an
.eftective normal stress range greater than the pre-—
,'consolidation pressure, to be 1nvalid _Bgnd breakdown.
caused by consolidation above P resulted in'the cley

. behaving in a_ normally consolidated manner (Figure

3.3.1, Group 1 tests).

A

|
b
|
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~ effective shear strength

’ | THE — CLASSICAL MOHR
 GOULOME  ENVELOPE

“ envelope

Mohr circle

N

e Oy

Bn .

effective normal stress

& - .
m ~ figure 3.2.1.
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\ . Using the same Breckenridge clay, they

conducted two more test groups; . One .at effective normsl
pressures between\ifﬂjand 2.0 kg/cmgplano the otherloe;
tween 0[6 and 1.0 kg/omz. Crawford and Eden discounted
the validity of thellon stress range tests beoause they-
postulated that failure was premature due to low lateral
-egfective stresses. Fof purposes of stability analysis,
'they reliedlupon.tneir'group 2 tests shown in Figure‘3.3.l
in the intermediate-effectivé normal stress range. -
This paper by Crawford and Edehuwas

: ‘v .
important in. that it'helped to initiate_investigdtions
into_more justlfisble.hethoos of obteining'shear strength
‘data for scability analysis. Townsend et al. (1969) con-
tfnued investigating the.effect of- effective normal stress
_upon shear strength in the stress-ranges just below the
'preeonsolidation pressure and tound that cementation domi-
nates, and that shear strength was independent of
peffective normal stress.‘ They proposed that the failure'
enuelope at effective normal-stresses immedietely_below
the "reconsolldation.pressure was a straight, horizontal
line (Note Figure 3.3. 2) a

Mitchell (1970b), testing Breckenridge

'clay in the effeotive'stﬁess range below thatlof




o 25 =

- ™y

Intermediate Stress.

‘ .

' ‘Range Testing

*
3 i
~ / 3
[ ‘ ~
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L o b a.=(0-q), .
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/ < p =(q+2G}/ 3
% /
b~ / .
-/
e
/ I ~ |
-0 | 2 - 3
P, kd/cm?
Tigure 5 - tre co:p:.-c's:.i'vc srength

of, Leda clay.

X - ﬁesq/fs from sffain controlled triaxial® lests :

o

*from. Townsend, Sangrey, & Walker(1969)

A\ figuré 3.3-2.




Tcwnscnd‘et al., found that shear strengch_in this low
stress range was predominantly frictional (dependeént-on

_cffectivé normal‘attess).

_ ' The sﬁedr stcength test data frcm Crawfofd
iand Eden (1967) and Mitchcll (1970b) have been combined
"and result in a failure ?nvelope which may be divided in--
to three regions according to effective normal stress
(Figure 3.3.3). These three divisions.(Figure 3,3.4) crel
_decoted as law, intermediate, and high.

in'the low stress range, thelenfeiope is
esscntialiy fricticnql, with & high_¢' and ‘little or mno
cohesicn. In the intcrmediate stress range, ¢' 1is
essentially zero, and cohesilon is quite large. In the
high'stress range, boce the preconsolidation pressure,
lthe soill behaves frictionally in a normally consolidated
manner. In this range ¢' is about 2/3 of its'value in

_the low stress raﬁge_agd the cohesion is small or zero.

Jarrett.(l970) constructed a special
testing cell; using the method of Bishop and Garga (1969),
to'tcct samples of Rockcliffe clay'below an efﬁective
normal stress of about 1-1/2 lb/idz.' Due tc_the fric-
tional natcre of the SOil;he was not ablc.to develop ahy

tensile.strength~in_the clay tested, in nine of the ten

'y
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sampleS'(Nnte‘Figure 3.3. 5)- He also observed that ale
though the mode of failure wds influenced by anisotropy,-
there‘was no noticeable difference in strength for : _. ' ‘_ -
Ihorizontally or vertically trimmed samples. There was
"no intercept of cohesion for Rockcliffe clay, which.was
considered.to be fissured. Test.results on the Rockcliffe
| clay at cther.normal stresses by Eden and Mitchell (1970)
are also shown. |
Conlon (1965).tested'some ioulnustouc
clay in an extension apparatus and found that this intact
had a tensile strength of 2.4 lb/in2 (Figure 3.3,6a). Lo
and Morin (1972) using Brazilian tests, fonnd for an in-.
tact St. ' Louis clay, a tensile strength aldng the straté—
fica‘tion of 0..28 1b/in2, and across the ,st_‘ra'tification
1.0 lb/in2 (Figure‘B.l.ﬁb); and for an intact St. Vallier', S :5

LS

‘-clay, a tensile_strenéth across the‘stratification of
1'.‘; 16/102. |

It appears tnat-the failure envclopes for
intact_clajs.have a tensile strengtn; that'is, a conesion
intercept. Fissured clays are:essentially frictional
and have little or no cohesion intercept. Ladanyl (1970)
" has adapted shear strength envelopes for jointed rock

masses to clays to explain the shear strength cnvelope

for fissured clay (Figure 3.3.7).
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‘Intact Clays with Tenslle Strength
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Far éngineerihg‘purpases, it is eslential'
‘to know whether a clay is fissured or intact. A small-

cdhesive strehgth.in ébébility anaiysis‘can make a con-':

siderablé difference in predicted factor oé Saféty.

The dévelopmentwgf the cufvedufailure
enﬁelop;lhaﬁing thrée straés rangeslha; been outlined;
from the usﬁéllstraight;line envglqpei(Figure'3.2.1)'to
a curved envelope (Figure 3.3.4). This curved envelope
can -be feasonably répréséﬁ;ed‘by‘three stfaight lines

(Figﬁré 3.3.8) or by the use of a polynomial of the -

form:

01'1_= kl(-r‘) + kzci .) + ky (3.

whefe kl, kz;and k3 are coefficients.obtainéﬁle by

curve fitting methods (Lo and Lee, 1973). This latter

method has the advantage Ehat';hree parameters, kl, k2
and k3 can fully describe the shear strength envelope-
whose values of c' and ¢' vary with effective normal

stress. Thus it may be possible to describe mathemati-

cally an envelope in the low étress range if required..

3.4 p" - q' and the Mohr Envelope

Usually, in the literature, strength of

.1)

e st eien s

ER .



... Fissured Clay .
i
Shear s?réssés E T .
(kN/m?) ' v -
/-0, . . ‘ o
Ig' or - L o _ /:‘,/ ‘ : -
- Phase 3 Phase 2 Phase |

(0@ J

e

i | 2]

300

%

%o, .00
© Normal stresses (kN/m?) U_:EE;_ ‘

Failure envelope for samples of sensitive Leda clay from Rockcliffe

- airbeld. &

Rockcliffe élay, Jarrett f1972 )

—

m | figure 3.3.8.
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clqyswié'reported in’'terms of p' and g', that is, 3
o' g EEER ; .
. . ‘ 3
12'3.' A curve through a séries of p'-q' points would

“and
bé a.;ine'through the tops of'a‘numbgr of Mohr circles,
_and hot tangent to them as:in the'MQhr4Coulomb féiiu:e theory.
Transformation of tﬁe p'-q"' envélqpe'to the.
Co'-T! enveLobe ﬁay<be'performéd graphicaily by fhe.drawing
of a cﬁ%ve.tanggnt‘toI;he.Mohr.circleslof sevefal-p}-g'
‘ﬁoinés, or"mathematically~as.dutlinéd below.
| Given in Figure 3}4.1 are two points

.A(ﬁ.’i,)-énd B(U&;T').' Point.q is the.transformation of
point A from the p'-q' enfélﬁpeltothe-&;—T“ envelope.
The p'—g' envelope ié_that which is:obtdingd directly
from expérimental‘fesqlts‘ﬁg'described above. -

.fheftranéfof;ation o%*ﬁhe p'~q' enﬁelope to .
the o'-1" envelopé‘can bé performed méthematically in the |
following ménne;:. | |

A best fitlcurve'iﬁ drawn through all of
the plotted'ﬁ'-g' poihts. The angle qf é téngent to the
p'%g' envelope f;dm the horizontal;_a; at'ppiﬁt:r;.of the

curve can be measured. Notiag Figure 3.4.1;

' .n L o ) . . ’ ‘ .
-Sin ¢r taq ar (3.4.1) o )
Since sin® §! + Cos® ¢! = 1 N C N
tanzra;'+ Cos2 ¢; = 1 ' (3.4.3)

and Cos ¢; .+ vV 1 - tar;2 a. . . (3.4.4)
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. ’ " ' t — 2' . ' ‘
. ' = g! = Yl - t: : .
o o T =g, Ces ¢ =g V1 - tan " oo (3.4.5)
Voo oal ' SR T o o ' -
qr P, - Sin ¢r .Pr gr tan a. - ‘3.4.§)
Repetition of this operation for. several
points on the p'-q' curve results in a series of o', T'

points and‘a-d'-—’r'-‘nvelope from which values of ¢ -and

¢' can be réadily obtained for any desired normal stress,
Comparison of the mathematically deteimined

’ o'-1' curve to the graphically determined og'-1/! curve shows

that, for Castor River;.the‘lq;ter envelope is consistently.

0.03 lﬂkinz bélpw thé former in terms bf'effective shear '

strength with a cu#ved.enveiope. fhe eqﬁatiohs'may not be

egactly cérrect; . |

Noﬁing Eqﬁatiﬁns 3,4.5 and 3.4.6 it is

apparent that accuracy - of the mathematical method also

'_“\,

'relies upon'accutécte measurement of angle o, between the
-horizontal and the tangent to the p'-q' curve. ,Althbdgh the
mathematical method appears to yield reasonable results, Ehe

graphical method isrprefErred, and this latter method was

used.
' N

3.5 Bonding and the Failure Envelope

Soil structure may be divided ingo‘the.;wo
components of fabric {particle geometrf) and cemehta;ion
bonding. Leda'clay is‘thbﬁght to have a cardhouse type of
structure (Quigley and Thompson, 1966 from Lambe 1957)

jWhich undergoes particle orien;ation when sheared or con-

AV
A

‘

solidated.



There is enidence that ecnénglgenenention ;
‘bonds exist at the ;oints-of eont&ct'betneen soil partidiee.
These cementation bonds are tnough;'td be n result of the y
deposition of Leda clay (Crawford 1963); The’lenei of
- stress under shear or consolidation at which these bonds

-begin to break'down varies from site to site, It depends

upon the nature. of the bonds which has been determined by

the environment of deposition of the clay and the geological.

history of the deposit f#llowing deposition.

o Shear failure of a triaxial sample ean occur

- [

in any one”of'three manners, depending on whe:her or not
the effective stress at failure is.in the low, intermediate

‘or high stress region. 7 \

in the hiéh streSS ranges,.due to the
-applicagion,ofle eonsolidation pressure in Exeess of the
preconsolidetion pressure,'samples;teseed undergo lerge
volume reductions; as'the.bonded s;ructune nas been ‘des-

fproyed‘by these hign eon#olidafion pressures; The shearing

stage exhibits further large volume reduc&ions and Iarge‘

A o

strains to failufe as the bond strength has been, destroyed
‘and only frictional resistance is mobilized Failure is

Wﬁ?ally by bulging of the_sampfe with no distinct faiiure

g
-

surface apparent.
Be vﬂ%ﬁr in the intermediate effective
normal stress range Jhorizontal failure envelope) is con-

“trolled by the strength of cefientation bonding. During

N
. . -

'

S U RPN



Aincreases the micro-fissured material is held more

-39 -7

i
L S

both consolidntion and shear very emall volume reductions

are observed. <Strain_ht‘fa11ure'is‘moderate.’ The samples

'rcmnyn baslcally intact .at failure; exceptffor the formafion

of single or mu]tiple failure planes.,“As the shear‘etresses

became su[ficient to destroy cementation bonds, the clay
strucLure begins to consolidate, but cannot mobilize enough
shear-resistance to prevent failure.

in the low stress range under initiai con-

.solidotion, very little volume reduction takes place. _The

sample may possibly swell. Upon shearing, a definite failure

-surfacc deveIOpes associated with a dilation or volumetric

.

expansion and_feilure at a small ‘strain. The sample at the

failurc surface is reduced to "a disintegrated wetr mass of

small clay granules, ... similar to the condition of the
- A N
soil debris left after landslides in this type of soil"

g
-

(Jarrett, 1972).

During‘shear in the low stress range, tne
tendency of the clay‘between{nicro—fissures to
dilate is resisted oy the cementation bonds. In the
very iow stress‘ranges, dilatancy along micro fissures
during shear is pronounced and shear resistance is

-

esscntially frictional. “As ‘the . effective stress level

firmly together with a concomitant strength increase.

At the boundary between the low and intermediate stress




rcnéec; an eqcality”is reached between the,strcnéth along.
: ény ﬁlanec of‘weakcess and that of the cemented matrix"
(Jarrctt,'1972). |

" The obserced pcySica;_apd unobcerced
structural respocses {n each of the three strccscregions
has been outlinedfabove. The stress cange of‘mosclcig—
nificance to slope stabiLity analysis is”the-low
effcctivc-normal_stregs.range. Jarrett (1972) acalyzcd
thc Rockcliffe slide (jarrect, 1971; Eden and Mitchell;

1970) using effective low stress parameters (Figure 3.3.6)

o

.and'crobable grouhd water conditions. He obtained shallow

cr;tical,circles.péqsing near the toe and crest of thc
slope with'factcrs of safety close to unity. Analysis
of the Rockcliffe slope using strength data from the |
1ntermediace stress region resulted in a . large factor
of safety indicating 'a. stable sIOpe with a critical
deep failure circle passing outsidc of the observed
zohe of failed material.. fhis is also what Crawford
hhd Eden (1967) found in the;c acalysis of the Brecken-
ridge slide. -

: .,

Low stress range behaviour 1is the ‘key to

stability analysis of fissured Leda clays (Jarrett, 1972)

Lo and Lee (1973), analyzingrthe'stability of the Brecken-




ridge landslide, deterﬁfned'thnt'ﬁhe aJerage'effective

normal stress on.a critical failure arc was just under
|
. I r
4 lb/inz.f‘“Most of the landslides that occur in the

'redeposited‘clays‘sﬁow a dilitant frictional type of
sﬁear behaviour under low normal stress 1evels.' This .
shear mechanism results from inherent defects or
planesiof wcakness, hence a curved failure envelopef

(Eden and Mitchell, 1973).

-
o

3.6‘ Anisotropy, B

Since all eamples'teéted in this thesis
have been t;be samples, and hence teeeed vertically, the
effect of anisotropy on the shear strengtﬂs obtained. -
may be of imp;flance in.terms of slope stability
analysis, since the failure arc varies from 0 ‘to 90°
from tﬂe horizontal.l

Jarrett (1972) discusses his tests where
' he used the'method of Bishop and Garga (1969) to test |
fissured Rockcliffe samples in the very low stress
range (belowrunconfi;ed compression) in tension. He

trimmed his samples so that the minor princxpal stress

was at 0O and 90o to the in situ horizon. He noted a




difference in mode of shear fsilurelbut not in-strength.
His stress range was from 0 to. 1 1/2 lb/in2 effective
normal stress. Anisotropy had no effect upon measured
shear strength. Mitchell (1970), testing fissured Rock-
cliffesclay at i = 0; 450, 90°.trom the‘horizontal,
found shear strength to be essentially independent of
anisotropy in the low stress region from 0. 15 kg/cm2 (2
lb/in ) to 1.0 kg/cm2 (14 3 lb/in ) effectivo normal

stress,_but dependent on anisotropy in the intermediate

stress- region above 1 0 kg/cm (14.3 lb/in ).

It appears. then that using vertical

samples, and not testing for anisotropy 1is justified for '

slope stability analysis in ﬁissured-clays in the .low

stress range.

3.7 Peak and Post- -Peak Deviator streangth . ' o

-y : h.'\--“‘

As disoussed in'ChaoterlZ,'both intact
and fissured Champldin Sea”clsy deposits exist. The
‘fact that many authors refer to either or both as merely
Leda<glay or Chamnlain Cley without considering tho,cley

structure can be misleading.

.0



Lefebvre and LaRochelle (1973) have Eound

-thatjfor slope stability analyses of the sensitive

Ch1mplain CLays'of the St. Laurent Lowlands,lpeak‘

‘strength analyslis provided 'a gross OVErestimate of the

_factors of safety.‘ However, using residual strength
parameters for St. Louis and St. Vallier clays, these
provided "a fairly accurate assessment of stability,"

with "calculated factors of safety close to unity

‘Lo and Lee (1973) have taken’ Lefebvre
and LaRochelle s post-peak or residual failure envelope
for intact clays, and applied it to the analysis: of
fissured clays, such as Breekenridge, Greens . Creek
Rockeliffe and South Nation. Although Lo and Lee obtain
. factors of safety close_to 1.0, it would appear‘to be
merely fortuitous, and not a valid method of analysis

|

Hitchell‘and Lawrence - (1973) ”qoestion

for fissured clays.

the applicability of this" (residual) “analysis cee. tO
the problem of long-—-term slope stability in" (fissureo)
"Ottawa area clays . Skempton (196&), when he pre-
sented his residual-concepts of shear scrength and-
slope stability analysis, noted as an exccption, the

Leda Clays of Eastern Canada. In view of the Leda clay
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literature published to 1964, Skempton Qas mest probebly
referring to the fissured clays of Eastern Ontario.
'Mitchell (1970) carried out sevcral strain controlled
tests on Rockcliffe fissured clay and found that there_i
was only a slight reduction (107%) in sheering-strength

at -large strains (6%). That is, a residual strength 'very

-
. B

close to peak strength..

Using peak sheat strength data from ten'
locations of landslides (in fissured clays) Eden and
Mitchell (1973) found slope stability analyses yielded
factors of safety of 1.00 * .05 and that "these data
sugﬂest that the long’ tern fhcto' of safcty of a slope
in the Ottawa area”l(fissured clays)-‘can‘be calculated

with some confidence' us'ing ﬁeek strength in the low

normal stress range.

" Scott (1973), analyzing the slope stability
of a fissured Leda Clay ‘at Castor giver using peak
strength found a factor of safety of about 1 - Small
landslides have recently occurred close to the sloee

analyzed.
In the Ottawa-Hull area a4 few outcreps of
intact clay occur, which undergo a large drop in ghear

_strength from peak to post-peak valuas (Eden and Mitchell,

A
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1973). This 1is similar to the test eesponse of the
S%;-Vellier'and‘St.liOUis intect elafsu
: : .
Summarizing for this eecéion on the
basis of current limited information, it appears that
1. Peak and post- peak strength envelopes
may be quite different for intact clays.
2. . Peak and post peak strcngth envelopes
may be essentially similar for Eissured
clays,. |
3. The queetion,of how.to‘ebeein effective
¢ . ehear'strength parameters'fof-slope
stability'analyeis in Champlain Sea Clays
‘is eonplicaeed; Coneiderable‘furthe;
;wbrk is required to feselve this

problem.




¥ R |

: CHAPTER 4 o - !

. ‘ . . l. ' i # - ‘ I,‘.
FACTORS INFLUENCING THE. INTERPRETATION oé | o
TRIAXIAL TEST RESULTS o 'f

.1 iGeperal | |

Discussed in this Chapter is the influence

of such factors as piston fridtion, rubber membranes,

aper drains, end platens, temperature and -sample storage

on the interpretation of deviator strength test results
from samples. .

Piston Friction

4.2
such as used

In a stress .controlled test,
loads (weights) are appliéd to the sample
This piston

in this work,

by means of a hanger bearing upon ‘a piston.
nto the cell to the top for

extends through a bushing 1
Any.friction between the cell bushing and

. the sample.
the piston will result in a load loss to the sample.

When low cell pressures are used in tri-
and any error.

axial testing, soil strengths are small

due to piston friction can be important.




Piston friction can be essentially

eliminated, however, if the .triax{al ccli is equipped

-

‘with a rotating bushing. As the cells used were so
equipped, no correction” for pistdn friction haﬁg been

apblied tq-experimentqlly obtained triaxial shear

strengths., s

‘4:3"Rubbér Membranes and Paper Drains

-
Il

Failure to account fér tﬁe effect of
rubber membranes and paper dréins upon tbé measuredlshear
strength from a triaxial test may fesult in an.over-
estimate of shear strgﬁgﬁh. The following relationship
should be considered: .

measured = "true" * + correction for

deviator deviator ° boundar conditions )
) strength strength of triaxial test.

- o '
Duncan and Seeds (1967) and Henkels {1962)
. corrections for filter papet drains and rubber membranes
are for tests conducted in the high stress ranges and

amount to aboﬁt 2 lb/in2

Gill (1968) undﬁrtoqk determination of

the effects of membrane and filter paper drain corrections

. . . t
in the low effective normal stress regions using con-




1
solidated undrained (CIU) tests with 03 oonotnnt‘and Gi;
rlncreaSing AlthQUgh the constant "p" tésts (tO'be dis-
cussed later) ‘are consolidated drained (CID).and 65 15
' not constant, but slowly and incrementally decreasing,

the volume changes are quite small., It is felt that

Gill's COrrections are applicable to the constant P; test.

His correctiod factors (C.F.) to be snb—
tracted from the deviator stress due to the effents of -

membrane, filter paper, and, piston friction are:

:l) C.f. 51(0;70 + Qllﬁ?-ds)‘x %e/10% lb/inz.'0<oé<lq li:/in2 (4.3.1.
o 0<e<107
2)f C.F: = (0.70 + 0.167 05) : lb/in2 0§0§<10 Ib/1n2 (ﬁ.ﬁ.Z'
: 55102 -
3) C.F. = (2;20 + 0.017 05) 1b/in2 'cé>10 lb/inz (4.3.3
Therefore,the oorrections required in
this thesis have beenlexamined aslfollowo, A typical

clay sample tested may'have, at]failure, a strain of 37

‘ ' - ~ 2
and an effective cell pressure, 05, of 1.0 1b/in". . .
' . . . . : ]
by equotion.4;3,1) of Gill7(1968)

C.F. = (0.70.+ 0.167) x 37/10% = 0.26 1b/1in”

ol-c' !_ 7
Then g' = 3 ‘would be reduced by

2 i :
26 or 0.13 lb/in? or

.01 kg/cmz, which 1is negligible.




.......

_pressure were small in the low effective normal stress

‘These findings are COnfirmed by LLefebvre

and LaRochelle (1973): "in view of the small strains at

failure and the low cell pressures used during the

(St. Vallier, St. ‘Louis). tests, no correcLion factor was

‘applied for the'fi%ter paper side drains'qr the rubber

membranes." Lo and Morin (1972) make the same observations,

and also report'thatlphey used a rubber membrane 0.012"

thick (compared to membranes 0.010"—0;015“ used in trd-

axial tests by thislwriter).
Therefore, no correction was applied for
effects due to membranes and drains in this testing ﬁro—

gram, as volume change, strain, and effective confining

range.

4.4 Membrane Leakage

In drained tests of long duratiox, 1eakage'
passed or through the membrane into the sample can be of
importance 1in assessing volume change. Rowe and Barden

(1964) found that the bulk of the 1eakage (using "0"-rings

and standard membranes) was not through the membrane, but

.passed the "O"- rings at a rate of up to O 05 ce/hour ‘under

an effective cell pressure of 10 lb/inz;" in this work

silicone grease was carefully applied between the caps and:

membrane and twice the usual number’ of "0"-rings was used.




: \B
‘_Therefore, it was felt that under thelloh'ceii pressures

employed, that leakage was not an important. factor.

4.5 Frictionless End—Platené . S

. ’

. _ - _Roue and Baroen (19645,propose tﬁe'ose of‘
frictionless end piatens for ondrained %riexiel tests to
reduce the effect of noh—uniformity of srress'and deforma-
tion. These non- uniformities regult in a redistribution of
moisture content (Crawford 1961) In drained tests, end‘
friction can reduce, the volume changes near the ends of‘
the samples and by preventing shear strains leadfto an
‘over-estimation. of the'scrength of rhe saﬁple.

However, in triaxial tests such as performed_
" here, where the sample height to diameter ratio wag 2: 1
measured axial deformation and volume changea in the low

effective normal stresses were found to be small. Hence

friction or shearing stresses;between rhe-end‘platens,ahd
the soil sample were considered to be negligible.'

As this investigarion was mainly interested
in low effective normal stress‘raﬁge beheviour, frictionless
. end platens were not e;plofed; It is apparent, from data
presentedlin Chap:er 7, that samples tested ;riaxially_in
shear 15 the interhediate to high stress ranges d;d'onder—‘

L

go some degree/of'bulging during shear, when strain'and
volume change /at fallure were relatively large. In rhese -

v ‘ - T )
cases, frictionleSS‘end'plaEEns would have been of Yalue.,




4.6 Temperature

All - testing of samples for the three clays

has been carried out at room temperature (68 F to 72 P)

Campanella and Mitchell (1968), testing
with illite have found that "an increase in temperature
causes a decrease in the 3§d/}ing strength of individual

partiele.contacts._ This decrease in the interparticle N

bond strength may‘he considered to result from the.in~

crease in thermal energy which acts in conjunction with

the shear force at the interparticle contacts to in-

crease the prebability of bond slippage or failure."

As a result there is a partial collapse of soil structure

and a decrease in void ratio. This.is a-temgerature
induced secondary consolidation ‘ "frem a practical
standpoint pore pressure changes due to temperature
variations may be significant. When saturated soil 1is
remeved from the field and taken to the labofatory, the
temperature of the soil will usuallv inérease since the
field temperature of the solil is less than the normal
iaboratory temperature. Theltemperature {ncrease will

cause an increase in pore pressure and a gecreaee in

effective stress."




g

3

R 1t would appear that .stocrage and testing

[

. . ‘ . o_ - ' . . . . .‘_
af a clay at 68 F may nct'yxeld.the,sane-eftectxve

shaar strength envelope as ssmples stored and tested
2t in'situ ground Temperatures. It is possible that

cuh-crustal ground tezperature ia the clavs of Eastern

.
.

Ontario range from 40° to 50°F.
¢ ..

: ‘ , Althoush the effect of te erature on the

'shear strength results is not known it may have had ‘sone

- i N 1
influence. It is recom :ended that te L1ng and storage

» .at or near ground temperature in the future.

;5.7 Sample Storage

Bjerrum (1971) iﬂ theu‘ wégian Guotechnical

Instigute Report No. 85 has proposed that the stre ngth
of the upper crust of'Norwegian clays is'dueq{o Qhe
bonding effect caused by precipxtated irpn and,possibly
also aluminum. Berre, Schjetre and Loll in the same
Report‘observed a brounlsh laver of clav adhering to
thé wall of. a ;helby.tube afcer E\trusion of the sample;
It appeﬁrs.that-irﬁp-ions from;the shelbynaffectcd the
samﬁlg. | |

All samples tested were wrapped in




'

aluminum foll and waxed for storage. Some samples %:omi

.Bear Brook were poorly waxed. As a result the aluminum
adjacent to the clay had_dis;nteératcd' The clay had -

qssuﬁed a brownish colour.és opposed to its original

-

gray-brown. Such samples were rqjéctcd and not tested.

o

, , . > _ ,
It is proposed that the method of pre-

paration of samples for storage exclude the use of
aluminum foil adjacent the sampleyin the future, until

N . o
more is known about the effect of such 1ons as aluminum

and iron- on bond strength.
= .

Samples bhould be stored in a climate
controlled room at a temperature close to the dn situ

ground temperature, probabl ~0°% to 50°F. Relétive.

humidity should be:maintaiﬂpd close to 100%. As.itfig

-

not‘possibie-to duplicaée in” situ conditions for the 7////
"sample on the shelf, time Hefore use should be kept to

a minimum. Bozozuk (1971) has found that measured pre-

consolidationjdedreases witb time for shelf samples.

—
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4.8 Sample Disturbance
Tube rather than block samples have beeﬁ‘
used in the investigation of shear strehgth of the

) * '
three Russell County clays. ] . '

Justification from the literature for the
acceptability of tube samﬁles will beﬂptesented below,
. . . . *
followed by an examination of test data forlsigng'of

sample dis;urbancé. .

Samﬁle diétu?bance s of course unavold-
”aﬁle when testing soil specimens from the field. in the

laboratory. It is réldted to gas expansion on stress

release, sample taking énd tfimming operapioqs, énd of

course handiing béfore testihg.(Quigleyiand'fﬁompson,

- h

.1966). It 'is then necessary to determine the relative

degree of disturbance of the samples employed.

+ -

This writer used shelby tuﬂé‘samplcs
obéained by standard field sampling methods. Rccenf
liferature (Quigleyrand Thompson, 1?66;'DeLory and Salva§,
>l969; Bozozuk, 1971, Rayﬁond $tlal., 1971; L?Rocﬁelle ﬁ'
and Lefebvre, &971) ngggsté& that tube samples‘are
inferior_ta block sampleé and may lead'to'erroncous test
resulté‘in the iaboratory.’

R I




Berre, Scﬁijtre,‘7nd Soliie-(ﬂid.I.
Technical Report No. 85) note that "when a ¢1ayiis stored
SQveral months in steel sampling tubes,‘the'force re-
-quifed to extrude the sample is several times higher th
if the sample were extruded shortly -after sampling
Hewever; it was found that the extrusion of fissured Leda”
cﬂayq from shelby tubes ‘{mmediately after sampling re-
sults in minimal disturbance to the sample due to the
prescnce ‘of a very thin remoulded layer of this sensi—

tive clay ‘between the shelby tube and the dintact sample.

Mitehel and Lawrence (1973), have found

. ehat_for‘the_frictional Leda clays of Eastern Ontario,

| good tubersamples'giee tde same etrength as block
.samples in the low stress range as the diiative—frictional
strength attributed to those imperfeetions in the material

is not sensitive to disturbance."

All of the samples tested haee beeh from
2-1inch diaméter shelby tubes. Hitc@ell (1970) found little
effect due to sample size (1.5, -2.5, 4.0 inch diameter
specimens)- on measured shear strength for fissured clay
'of Eastern Ontario. | |

For these reasons, it.is felt that'the

samples used {in this testing progranm in the low etfess




-rnngo nre relntively_undisturbed and haue‘givon nalid peak
deviator strengths when testod in the laborntory. Test
fesults appear to confirm this'assnmption becausé of the .
uniformity and pattern of the test tcsults

: Plotted in Fig 4.8.1 are p'-q' points for
South Nation and.also for the South Nation of Eden and
Mitchell {(1973). | |
Twenty-one points are ohown,‘of.which elght
nfe from Enon and Mitchell t1973) and the remainder from

"this testing programme. | |

The fifst five’"dot"-polnts from tho_left
are from Eden and Mitchell (Pig A.S.i).l They.are the

results of stress controlled constant P‘ testing on a

block sample from a depth of 13 meters (43 feet) below

the plain clevation.. This block sample was obtained fronm

a back scarp of the South Nation landslids The last

three ”dot" points are tube samples from a depth of 16

meters (53 feet) and are strain cbntrolled (constant cell

prESSure, increasing. deviator strength) tests (Mitchell[

1973).

A11 samples shown-asr"tniangleo" in

Fig. 4.8.1'are'oonstant‘P$ stress controlled results from

shelby tubes. As Eden and‘}itchell's clays are a few

hundred yards downstream from the South Nation clays of

this series, the clays would likely be reasonable similar.

—_ .

.,(.

A
-
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Evidence as shown in Fig. 4.8.1 would indicate that good
.shelby tube samples nre equivalent to block samples."

- The consolidation test curves of void ratio
vs. log pressure (Fig. 4.8.2) for Bear Brook, South Nation5
.and Castor River show-well defian breaks in 'the curves,
nllowing Pc to be determined with reasonable confidence,
and-indiceting_thet samnle disturbance is not too severe?

The londs or pressures.employed-in-the
oedometer test were successively increased by an.nmount
equal to 10 to 50% of the'previous load. Increment
duration was determined  in: the standard fashion from the
deformaticn_per‘incremcnt—log time plot. In this’ manner,
estimated preconsolidation pressures for the. three clays
tested triaxially were.obtained. |

Cdmparison of these laboratory precon-
solidation pressures to corresponding field vane strengths
resulted in a vane to preconsolidation ratio ranging from
0.26 to 0.34. Examination of - these values indicates:- that

disturbance is probably not too seveng. Ore exception

may hYe the second Custor River precons lidatlon .test
(2700 1b/ind). It is discounted as it was made on a
sample under an eighteen foot f£ill. The.sdrcharge
associated with this f111 was very close to tnc neasured
"preconsolidation pressure of the first sample, which

- may have affected 'bond strength. An excellent 1ndicator

of sample disturbance is a measure of Z.V/V during sample

'

[ .
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coneolidatiod at ell-round preesuresiintﬁe low stress
franges. ‘Shqoio the'boods-be i{ntact, Z4AV/V should be'small.f
“For South Nation, coneolidatron ofleamples to an all-round
consolidation oressure 8 lb/inz,resulted in an averege

Al bs 17 compression; ,Aithough thelmode of.teSting'foe
some samples at Castor River and Bear Brook (consolidetiow
to pressures above P! ) resulted in 1arger volumes of pore
CFluid expelled “examination of these tests consolidated to.
.P; only, resulted in a ZAV/V compression of about 27 for
Bear Brook and 1Z for Castor River.

. Plots of the log of all- round consolidation
oressure vs. volume change or volumetric strain for samples
of widely varying void ‘ratios (Figs. 7.3.6,_7.3.7, 7.3.8)'
indicate a pattern, Ic would appear therefore that bond
strengtt has not been markedly affected by disturbance. 1f

»

sample disturbence is a factor, considerable more scatter

1

would be expected in .the test results. SR ' : -

4,9 Sample Selection

Although all samples used in this series | :'°
are from shelby tubes and therefore from different depths,
so%e effort was made to seiect samples on the ‘basis of
similarity of water content for Castor River and Bear | )
'Brook soils. Samples from ‘the South Natlon River were'
cooseolon a random basis;'with only a visual estimate of.

‘suitability.
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1f itlis assumed that all shmples are
~saturated and.that the sqii‘soiids have the same.specifie
grnthy; then saturated density would be a measure of nater'
eentent, Careful monito;ing of watee flow:into the'sample.
during ‘establishment ef back pressure over a sufficient
peeiod of'time‘indicated-that.the samples testeeltriaxially
were satutated. This 1is confirmed'by comparing initial pre-
test sample weight to post test sample weight taking into
raccount measured volume changes -durding consolidation and
Sheare

Samples were chosen before testing by weighing
them and measuring their volumes to calculate their saturated.

o O

unit weight. The measured saturated unit’ weights and the

il

actual moisture eontents obtained after testing are shown
in Fig. 4.9.1. Also shown are the theoretical spee;fic
gravity curves for saturated samples. lThe scatter ahont the
specific gravity 1ine‘for samples from one site may be a-
teflection.of not only a. variation in specific gravity but
also a variation .in the degree of saturation. The meisture
contents were obtained by weighing the entire sample to
obtain the wet and dry weights and‘is therefore a measure oé
the average water content throughout the sample._
.Although.the w?:er contents or veid eatios.
of'the samples tested for all three sites_varied markedly.

(as tabulated in'Section 7.2), thelr variation did not

appear to affect the shear strength test results./

B X
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CHAPTER-S

TESTING,PROGRAMME - EQUIPHENT.AND,PROCEDURE’
5.1 General

" fncluded in this Chapter is‘alaEScription
of the équipment us;d, its scheméticlépd physical set-
up; use of-a suitible back pfessure; choice of a tfi—
caxial stress‘path;'and test procedure. The method of

sample selection for triaxial testing is also discussed. .

5.2 Description of Eguipment'

-
v

The pressure supply system is that which

[] ! : . '
is well described by Bishop and Henkel (1962). It is a
self compehsating mercury pot system. The equipﬁent is

~

lqsted below.

TABLE 5.2.1 "EQUIPMENT

Equipment " Manufacturer . Mcdel Wo.

Rotating Bushing Wykenham - Farrance No. 1150
Cell, 1-1/2", 2" o -
‘Diameter Samples

Flow Measuring Device Wykenham - Farrance No. P-3

Pressure Measuring ' ’Engineefing Laboratory T
Control Panel T Equipment Limited




Accurate measurement of pressure is. of
: i . .

;extreme importance-in low stress range testing. Since,
e )

the prcssure gauges are approximately +1 lb/in2 in
accuracy a mercury manometer was placed in parallel to:
the’ L\\axial cell, so that it fieasured. the absolute dyé-

fLrence between the back pressure and the cell preseure to |
the nearest l/4 cm or .OS lb/_in2 (Note Fig. 5.2.1). The
'flow meter,'also shown in Fig. 5.2.1 was placed in‘
series between the manometer and the back pressure into
:Le triaxial cell. 1In this way.any volume change in the
flow meter was representative of the flow in or out of
the sample, and not of flow in‘the lines due to a fluc—

tuating mercury manometer. Note Figs. 5.2.2, 5.2.3 and

5.2.4, photographs of the experimental set-up.

5.3 Use of‘a Back Pressure
S~ =
There are several important reasons for
employing‘a back pressure. These are: |
1. To_aasure full satnra:idn-of the sampfé.
2. -To assure full saﬁuration of'fil;er,stenes
and paper drains for accurate,volume change

measurement and pressure application.
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.- . EXPERIMENTAL SETUP - PHYSICAL

-

SN

AN W N

Flow meter,
Mercury manomete

Bushing motor (behind manometer)

Pead load hanzar

).

\

Self compensating mercury pot system,

-

Cell containing sample under consolidation.
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3. To assure solution of air !bubbles in
pressure ‘lines so that there are fewer
chances of pressure loss across air

I
’ blockages.

Lee and Black (1972) present tablcs‘for
times of solution of bubﬁles of asurable dimensions 1&
sizall tubeé 'large tubes and cells, uﬁder prcséufe.
Black and Lee (1973) discuss time to full saturation
(997 qcceptable for all but stiff*st SOils) for varioﬁs
soils under piven pressures. From the above references
it was concluded that a back pressure of 50 psi was more
than adeéuate‘to ehsu?e full and rapid‘éélution oflair
bubbles. A typical back pressure from the literature is
about 1.0 kg/cm? (14.3-ib/in25(Le£cbvré,dnd LaRb;hellé,

1973)

5.4 Triaxial Stress Path

For triaxialAtesting'pufposes, any one ~f
a number cof triaxial stress paths are dvailable (Note’
Fig. 5.4.1). Mitchell (1970) has reported that ”the

fa;lure envelope appears to be indepe 2ndent of the stress

'path (for triaxial boundarv condltxons), providing that

A ]

»
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i

‘stress path lies wholly within the yield curve." By
'Nltchell 13 definition of the yield curve this would in-

clude any stress path shown in Fig. 5 4.1 in the: low to

low—lnturmedlate tffective normal stress regions

! L . v
The stress path chosen was one of constant’

mean normal stress:(P; = (Ui + 205)/3) during the.shegring

stage of the test. The advantages are: . .

1. The principal stresses are low:and‘ﬁré-répfésenta%
tive of.étress levels in the fie%d. '

2. Siﬁce méén anmal QCress is constant, any
meaeuagd valume chénge is'dué tolchange in
deviator s{rgssrand volﬂme'chan&es*Qué to

changes in "the mean normal stress ave

eliminated.’

Mitchell (1970) has reported that, for a

L
-

fissured clay, he achieved the same shear strength data
using stress controlled and strain controlled tests.
Constant monitoring of cell pressure would
‘ © .
be Tequired to run a P; = constant strain controlled test.
_Hence.a stress controlled or load increment test is pre-

ferred and has been employed din this serics of experi-

ments.




. L]
There are certain limitations invoived
in triaxial testing, irregardless.of the stress path’

[

employed..‘ | _ e ; 3 Lo
o If a sample-is sﬁgéred undéf conditioﬁs

of Ui increasfng,-aggkgg’;qualﬁ$q zero (stress patglz
‘ sLarting from the origin, Fig. 5;5.1)-£hen the sample
‘stress path will follow what can be defined as ‘the un-
confined coméression line of Fig 5.4.2 until failure.
Repeating the stress path 2 conditions for other samples,
but increasing 03 each time will result in ‘a series of
p'-q' E;iiure points to the right of the unconfined com-—’
pression 1ine,vthatlis.a de;}ator sbfength,envélopg.

This same envelape can be equally well

repfoduced jn the low normal stress ranges by stress paths

.1 and 3 (Fig. 5.4.1). , -

If stress paths 1 and 3 are cmployed in
‘the very low normal stress ranges iﬁ is possibl; they \
may intercept the uncoﬂfineﬂ ccépression l1ine instead of
ﬁhe failure envelope. When -this happens, 3 ‘has become
zero and ca;not be further rcduc;d The samplc is still
{ntact and not yet failed. Failure can o@l} be achieved

by altering stress path.l or 3 to’'stress path 7 {holding

Gé constant, i.e. zero and increasing “a ) unt11 “this
S . ’




"y

stress path 2 reaches the intersedtion of the unconfined

v . 1 . .
compression line-and the deviator, strength failure

envelope.

It thus can be seen that no standard tri-

-axinl stress patn can provide a-failure envelope to the
left of the unconfined compression line (Fig 5.4.2).

To extend the Eailure envelope into this region requires
a tensile type test procedure (Lawrence, 1969) which ugs
beyond the scope of this thesie.‘ |

Deviator strength envelopes of "intact.

-

clays appear to.intercept the unconfined compresoion,line'

z - -

"at much higher deviator strengths than £ SSured.clays
and'therefore tensile cests_appear to be neceesar; to .
adequately define their normal stress =~ sRKear screngrh
-relatlonship. Deviator strength envelopes\xf fissured
clays, however, appear to intercept_or‘become osﬁmtonic

to the unconfined compression line at low normal stresses

and tensile tests are not necessary.

.

5.5 Effective Normol.SFress Range

*When defining a field problem, such as

slope stability anal?sis: the importance of "eailoring the
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ranges from 2 to 10 1b/1in

upon the - calculated factor of safety

1aboratory testing "accordingly" (Jerrett 1972) cannot’

be over-emphasized. Such experimenters as Mitchell and'
Lawrence (1973), Lo and Lee (1973), and Lefebvre.and
LaRochelle (1973) have . found that the average effcctive

:normal stress acting along a critical slip circle of-.a

natural slope in fissured, redeposited clay, usually

Z (0. 15 to 0.7 kg/em2) .

Lefebvre and LaRochelle (1973) found that part of the

failure "eircle involving effective normal stresses less

than 0.1 kg/cm2 (1.4 lb/in ) had a’ negligible influence
s

"  Testing then, for

fissured clays below the unconfined compression line 1is *
not essential for slope stability analysis. Shear testing

for the rthree clays in this series was therefore performed

. 2
boetween effective normal stresses of 2 and 15 1b/in“"

5

approximately.

5.6 Test Procedure
'

Two different ,test procedures were cmploved -

and are deséribed belows

bl




Test Pfocedure 1

1. A\back pregsure (50 to 54 lb/in ) was established
vj OVEr night (18 to 24 hours). '

</An all-round consolidation pressure equal to

SFTT X! + 201)/3 was applied
m o 1 3 PP = ,
3.7 Unde this consolidation pressure, a plot of change

» |
in wolume vs. log time was made, and an estimate

S to time to full failure for a drained strain con-

trolled ‘test was estimated by the method outlined

in Bishop and Henkel (1962).
~4. Under e stressocont;olled test, Bishop and Henkel‘
(1962) recemuend 8 to 10 increments to fallure.
I premental-loading-uas then choseu'to obtain at
least 8 load increments to failure.
5a. Time to failure of section 3) was applied not to
‘the whole test, but ;ather to each,load incrementh
Sh. If at'the .end of the ealcuiated'time.foplone
-ineremen;, the rate of aﬁial‘strain was greater
than 2Z.pef day, then ;he sample under this load
‘ increment was permitted.to strsin until }ts raEe

was less than 2% per day.

-
1




Test Procedurae 11

1. Bagk pressure'applied aé‘in Teét Procedure I.

2.,'Prqcohéqlidapion pressure Pé,_was ﬁreviously'determiﬁgq

* from quoédomeeer test.

3. . If.the chosen méah ﬁormal stréss, Pé = (qi +‘205)/3.
was less thaﬁ Pé/Z,_the sample was isoprqpically
consolidated to Pl/2 and allowed to swell isd;;
tropically to the deéigngtgd Pé, prior to sﬁearing; .

4. If éhq chosen mean normal shreéé,\?&, waé greater
‘phﬁn P'/2, the sample was isotropically con;pfidated
to ﬁhé mean'ﬁormal streés; ?;, prior to shear.

5. The same procedure was followed fér éhéaring as in
Test Procéduré T. |

o ' The purposé ofconsoliéating all samples to

Pé/Z wﬁin P& was‘iess than Pé/Z,in_Procedu;e I1T was to en-

sure that all saﬁples tesﬁed were of a-comm&nfcdﬂsolida;ion

history, as samples were'obtaineq from var%}ng deﬁth;; and

-

_ was ‘adopted in part for the last two series. [Its influence
upon test results has been discussed'in-Appendix A. The

use of Procedure II is not reconmended.

Samples were tested according to.the

following procedure: . - ‘ ' o /:

Location Procedure

o~ '

" South Nation I
Castor River = . I and II.
. [ ’ . .

Bear Brook : I and II

‘ :




Some comments on the test procedure which:

tq

are felt to.be appropriate follow. ~ '

The’ rate of strain criterie of a maximum
of 2 percent per day during shear appears to be reason—
able. According to Lo and Morin (1972) an appropriate
rratc of testing for a CID test was 0.1 percent per. ‘hour
or 2.4 percent per day In the low normal stress range,
Mitchell (1970) noted that "failure is not affected by
rates of testing ranging Erom 3 hours to one week.
,nitchell;and Wong (1973) performed stress controlled
constant P; tests with stress incr;ments of 0.20 kg/cmzn,
chonéing load increments only when strain had decreased
to a rate of 0.1% per oayr

During shear, a maximum rate of strain of
2 percent per. day was allowed prior. to changing an incre-
mcnt.' On this basis, the initiallload increments were
as short as an hour, and the final load inc:ements some-
times as long as & to 15 hours in any one test.

During shear, the earlier increments of
.Ag = A(Ui - dé)/Z were as largelas 0.125 lb/in (AO§'='
jl.O,lb/inz), but‘for_the final increments, Ag,‘wasl

. _ )
usually .reduced to 0.026 kg/cmz or 0.375 1b/in (uUS =

0.25 1b/in2). Becauoe of this low magnitude for the

-




.Einalaload iﬁcrement; the upperlboundhso;btion of thé
p'-q' enveiope was taken through’'the final increment

point . of each test.,

y

|
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CHAPTER -6

THREE LEDA CLAYS OF EASTERN ONTARIO L
. . = . o '

6.1 General

This Chapter deals wirh the site locattons,
éoil.profiles, index.properties, vane strengthb, and .
measured preconsolidation_presseres 6% Lhe-;arb% elays
bSou;h Nation,-Castor Riyeri and Bearlﬁxook.

LI o ‘ N

6.2 Site Locations and Soil Profiles

u\‘ '4 ‘ + - h . . . - N

The geographical location of\the South

. : . : X )
Natlon, Cas River, and, Bear‘Brook sites is shoyn in

Fig: 6.2;1r Due to the level nature of the terrain, it N ’ '

* > * .
would a:igiiﬁiﬁat all ofﬂ&he clay in thé region would .
l - . .
"have siwilar properties. The approximate elevations of ' "
. - £ 6 L * .
the§blains in which the South ﬁation, Castor River and |

’ b B -
Bear Brook valleys are cut are {88‘ 215', and 190' above

sea . level respectiveky. All clay deposits are~covered .
v ','__

by 7 to, 10 feet of fluvik\band/or alluvial sand. . "

i -, At the South Nation Elte,‘the interface ® .

’
»

LY - . oy
pbetveen fissured clay and till “is at “about 123" (Fig. 6.2.2) .~ .

»
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‘Soil Profiles:
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At the Castor ‘River and Bear Brook sites, ‘the interface

between fissured and intact clay is at 156' and 108'
‘rtSpEttiVEIY. Further details of ‘the soil profile may
be noted in Fig, 6.2.2. . -

Geologfcnily sneaking, these. three ciays

are only similar in that they were deposited“by similar

npafural processes at approximately the same tide.

" 6.3 Index Propertieg.

1Index properties,of,the three'fissured
':clays tested vary merkedly, even though'the tnreensites
.are quite close together as noted in Fig 6.2.1.

Atterberg limits are given in Table 6.3. 1
As noted in Fig. 6.2.2, all of the clays tested are pink-
banded clays containing silt -and sand seams.

The method of obtaining. Atterberg limits
for- South Nation clays was to use different sliees for
the Liquid'limit, plastic limit, and the natural water
content. As the'pink banded grayﬁclay-has silt (observed

when testing sampleS) seams, one would tend to treat the

liquidlty indices, from the South Nation with cautlon

~ An average water content of 46.5- % 11, 37 and '‘a liqu1dit}'

index of .694 t,.211‘nere obtained.

1One standard de:}}tion.
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"Atterbcrg limits for'Castor River and Bear

Brook were obtaincd'by slicing shelby tubc aampies ver-

-tically into three sections, thus obtaining composite .

silt and clay sections for average water content liquid
limit and plastice limit Mean moisture constants and
liquidity indices were 67 % &'82 -0.932 ;I.ohz, and

44,7 * 9.5%, D 50*0 137 for Castor River and Bear Brook,
respectiyely. It. is possible to say that for the soilsh
tested,‘the Castor Riveg soil is probably more uniform
than the Bear Brooklsoil by noting the standard deviations

given in Table 6.3.1. It is d,ifficult- to interpret the

-significance of the standard deviation for the liquidity .

index for the: South Nation River dEposit because of the

s . e
test mcthod.. : \\XJ ‘ E

i

Presented in Table 6.3.2 are Atterberg®
limits for SOme Ottawa area clays.

The plasticity chart of Fig 6;3.1 shows ,
that the three clays tested are of medium to higb plasti-
City.' The plasticity chart of Fig 6.3.2 coapares the
tested clays to Ottawa,region clays which are also clays
of medium to high plasticity. Figure 6.3.3 shows a '
plasticity chart for five clays of Quebec. The sixth,

from Hawkesbury, a clay of high plast1C1ty is possibly

‘&.z"..-

'.2‘31‘.

F&w—
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fissured. Toulnoustue is definitely an intact clay
(Conibn,.1966). The remainder are’ possibly intact and -

are of low to medium plasticity.

"faeie 6.3.3 shows some pfopertiee of the
fissured cla}s studied and of some fissuteh Ottawa area
clays.' Differences in properties between the intact

'Pineview clay and the other clays are not apparent.
Pineview'has a relatively large peak'shear strength
cnve10pe for a given effective normal stress. when com~
pated to'fissured clays. This difference is shear_
strength is not reflected by the other soil.properties.

K
.

\\mﬁ*A_/ﬁg;e'Strength, Preconsolidation Pressure, and Elevation

Fa

Shown in Fig. 6.4.1 is = plot of all field ~

0

vane strengths available for the three sites. It is
apparent, by the curves drawn through the points, that
field vane strength tends to increase wf%h depth below

the weathered crust, and to increase with elevation within

the crust. The average fleld vane strengths at elevation

s : z
165 feet are 900 lbllbg, 1,100 1b/lb2, 1,700 1b/1b" for

{

)

A
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.Castor Rivg;, South Nation,.and Bear Brook respectivelyr
. ;w,

,The doubﬂe horizontal lines on the figure show the range
[

of dcpths from which the . samples tested were obtained

"
Table'ﬁ.&.l compares field‘vane-striggth
o =0 4 . .

.

and preconsolidation pressure. Ratios of field vane -

strength to preconsolidation pressure ranging from 0. 26 o
" to 0.34 indicate a relationship between these parameters. ad

™ e . ) :
The sample from B H, No. 3, Castor‘River shows a-ratio

'of Q:SB The clay~fr&F which this oedometer sample was

taken has been subjected to a f11} surcharge nearly equal’

. -
» N

- to the preconsokidation value for several years.'_The

confining effectﬂof the'fill.may tend to increase vane.

- v

strength and the measured preconsolidation'pressure may
“

be decreased due to disturbance of the bonded structure.

clays, plotted elevation against preconsolidation pressure

-

and field vane'strength (Fig. 5.4;2). The top left of

any line represented vane strength or consolidation in

thejﬁoil just below the crust. The' bottom right of any

one line represented vane strength or consolidation. in

\

the bottom of the borehole." ) B ‘ .

. Upper and lower limits of Crawford and

Eden's preconsolidation with elevation have been trans=

.

rosed to Fig. 6.4.3. Values of elevation and pre- o

‘-

//f’“’f - Crawford and Eden (1966) for Gttdwa areacw‘-——//
- . , .
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preconsolidation for the three sites tested have been

plotted..
; A

From Crawford and Eden's analysis of

Qttawa kisaured clays, ic would appear thdt measurcd pre-

'consolidation at a gilven elevation across a number of

sitea would be apprqximately the same.. This relationu-

ship does not appear to apply to the three fissured clays

tested (Fig. 6.4, 3) Confirmation of this trend contrary

to Crawford and Eden exhibited: by the seveén preconsolida—*
[

ion tests can be noted in Fig. 6. 4 1 where a great number

of field vane strengths vary significantly at any given

elevation below the grust across all three sites.




CHAPTER 7

PRESENTATION'AND'DISCUSSION

OF TEST RESULTS .

7.1 General
This Chanter discusaes volume change
durlng'consolidation and swelling, strain .during strain,
and yielding The modé of fallure 1In terms of effective
normal stress is followed by the presentation of shear’
strength envelopes. " An estimation of the.effective
‘normal stress at the boundaries between the stress
. ranges 1s given. With the exception of the section
-dealing with isotropic swelling, a1l descriptive sectlons
.are divided into three parts, i), 1i) and 11i). Each
.part fep:esenfs a grouping of responses to consolidation

and shear .stresses.

It is proposed that all group 1)} summaries
of experimental data are representative of the low normal

stress range, 1i) of the intermediate, and 11i) of the

*
RS

high.




_

7.2l'Initial‘Con§itioné
Following 1s Table 7.2.1 which list sample
-location, borehole number,'elevation depth below‘hurface,
in situ unit weight and molisture content, as well as void
ratio. ‘These may be considered as initial conditioﬁs
Other data, such as void ratio and volume change during
. ' . * i . . ot
consolidation,_swelling, and shgar;'values of p and g at
failure and strain (axial) at failuré are alsoiiistedf
-Since the ﬁléy is banded with silt seams,
the average void ratio for all clﬁysnﬁarigs w;dely;_AS_

summarized- below: .
No. of ., Range of Mean and One-
Samples Void Ratio ~Standard Deviation

hat

South Nation 17 1.07-1.78 1.42%.20
Castor River 8  1.36-1.76 1.51%.14
ear Brook - 10 1.08-1.71 1.44%,22

Sinde the sqmplesgused in teéting are from shelby tubes
ffom';arious eleyationé it would be expected_tﬁat the void
ratio wouid var&. HbﬁeVer, as sbdwn later,.thé.la;ge
variatioﬁs in void fatio,did not appear to cause signifi-
cant variation in the test results It would seem that

the behaviour of the clay in consolidatlon and shear was

A
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almost completély controlled by the bonding and fissu:es

and that the initial void ratio had little effect.

7.3 Volume Chanpe from Consolidation_and Swelling

Ii'this section is‘a'summafi.of'response
to consolidation and swellfng'undef all-around pressure
iﬁ a triaxial cell for the ciays-of Castor River, South
Na@ion,-and.Béar Bfoék. Presentation is‘dividgd.into
subsections of consofidatioﬁ, swelling.and magnitude of
"volume cﬁangé.-

-

Isotropic Conscolidation

Castor‘giver. Iéotropicéo?solidat;on (Fig. 7.3.1)
ZAV/V.vs. log.éiﬁe.
*i) For P; of 2.0 and 3.0 lb/inz, the tyo curves Qerg
se&uential,-and fAV/V‘was found to bé 1/3_and 17
respectively. Time to full consolidation varied

from 50 to 100 minutes.

ii) For P  of 10 or 11 lb/in2 (6 curves), %LV/V ranged
from 2% to 6%Z., Time to full'consolidétion'was from

100 to 300 minutes.

* - _
"1), i1) refer to the low and intermedinte ndrmal stress
ranges respectively. B




© - 104 -

L usql | L | - | Cie |
© _9unssaid plosued IdoI}0S! . SR | ™
| o= :
of 2,
- 5 . ) o
. e/(5p2+'D ) buikioa Jo 15
awyy boj SA AJAP %
- 19AlY 19f5D] "
uojopilosuo ) 21do440S] .
Q
<
N
_ 1<
o 3
3
. S
- N w
0
2]
- )
= |
0f — S . VW - o4
Tusa 02 _
...-.___ _, _:..—_ 3 | ____,.___ I -‘/a../.“’.lwn." r-....ll:l..lwa.
o0¢% - o0l 0§ Ol QG - ol G0 : 10
: o .- , : satnujw Ul AWl boy o




'~ 105 -

1ii) For P' of 13 1b/in consolid;tion was Ierminated at

about 200 minutes and it would appear that this was

‘closé to 1002 consclidation.

Soﬁth Nation. Isotropic consolidatibn (Fig. 7.5;2)

ZAV/V wvs. log time.

i) For P; of 2.3 lb/in2 to 9.0 1b/in2, the curves were
in exact sequence, ZAV/V rgachéd a maximum value of

l~IIZZ at 9'Lb/in2'Pé. Time to full consolidatiQn

was from 5 to 20 minutes.
o s

11) For P! of 12.0 1b/in% to 17.0 or 21.d lb/inz, the

eurves were in approximate"sequeqce} _ZﬁV/V ranges
from.2-1/2 to 3-1/2 percent. Time to congoiidation .
is from_50 to 100 minutes.

iii) For P' of 20. 0 and 27. 0 lb/in2 the curves reached
consolidation at .about 400 minutes,. and TAV/V was
S to 6%. The consolidation for P! 2,27 1b/4n’ was

‘carried on for 1300 minutes and showed a linear

secondary consolidation’'to this time.

Bear Brook. Isotropic consolidation (Fig. 7.3.3) .

TAV/V vs. log time.

*

iii) refers to the high‘nbrmal stress range.
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All low P; for Bear Brook have been con-

‘solidated to pressures greater thaniP;}

- i) For Pé of 10, 10, and 14 lb/inz} the ZAV/V ranged:
from 1-1/2 to 2%. Time to fﬁll'consofidétion was

from 30 t0540'ﬁinutgs.

i1) For B! of 16, 18, 20, 20, 20, 20 1b/in%, the curves
are not in sequence, but .grouped. . ZAV/V ranged ffq%F
3 to 4%Z. Time to full consolidaﬁion-waé from 60 to

90 minutes.
iii) No tests in this range.
| . .
: Test procedure II (comsolidating samples

under &llFaround pressuro greater than P', of. 10 or 20
rd

~

1b&dﬁ2; then swelling to P! ) was’ followed for most but

nog\all tests in the very low stress rangc at Castor River

-

_and‘Bear Brook. ‘For South Nation, test procedure 1 was

v

foliowedﬂ' .
7 . ' Inspection of Fig. 7.3.2 for South Natijon
™-indicates a definite pattern as described above. It is

probable chat excess'porewater pressures

5
» consolidation pressures up to at lea 9 1b/in: are‘diST

sipatéd-fhrough internal drainage achs provided by

. _ _ . o,
fissurés. Consolidation at a cell pressure of 12 1b/in

'

appears to close up fissures; hence increasing time to

ue .to all-around .
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(Y

full porewater pressurc dissipation qg approximately 200
minutes from about 20 minutes for 9 lb/inz.- The in-
fluence upon time to consolldation by ‘length of the
© average drainage path has been discussed by Bishop and
-lﬂenkel (1962).

. CurVes for consolidation at pressures of
12, 15, 17, -and 21 }b/in suggest. a gradual breakdown of -
. . ! -4 .
bonds with increasiﬁg cell pressure,‘_THe curves of 20
and i? lb/in2 did not appear to be approaching the end of
volume change at 400 and 1300 minutes respectively, idj

-}
dicating a plastic yielding.
'Although most tests were consolidated above
Pé at thé remalning two sites, it pogid appear that the.
fissures Closefup'ét between 14 (15 minutes to full con-
'éolidation) and 16llb/in21(50 minutes to full contolida—
tion) for‘Bgar Brook and between 3 (3b minutes to full
'-consolidation and 10 lb)in2}(200 minutes to full consolli-
|

dation) at Castor River. Plaséic yield under all—atound

consolidatioﬁxb& .not apparent at the two latter sites for

‘the ranges of isotropic consolidation employed.

.:Isotropic Swelling

Castor River. Isotropic swellinyg (10 lb/ln )

/N

”-
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(Fig. 7.3.4) ZAV/V vs. ldg.ﬁime.
For P;_of 5; 7, 8 lb/in2 the turvgs vere in sequence
) .

Z4V/V was a.maximum for 5:1b/in (Q.SZ) since The

,éhangg‘in pressure at beginning-of;swelling.wgs the

2

greatest, 5 1b/in“. Time tb full febound ranged

from 10 to 100 minutes.
Bear Brooke .. Isotrpﬁic swelling (20 lb/inz) (Fig. 7.3.4)

S
ZLV/V vs. log time. .

For Pé of 4, 6, 8, and 10 lb/in2 the-cur}es were

. nearly in sequence. ZAV/V ranged from 0.5 to 1;52.3

Time to full rebound ranged from 30 to 90 minutés;

JBear Brook.:lIsot¥opié swelliné (10_15/1#?) (Fig. 7.3.4)
ZAV/V vs. log time.
For P; of 3‘and 5 lb/inz-the curvéé were in seﬁuence.
ZAV/V ranged from 0.4 to b.éz. ‘Time to full rebound

- was frbm 20-:0 30,minuteé.

Only tests from Castor River and Bear

Brook were consolidated to 10 and 10 or 20 lb/in’ res-

pectively andralloued to swell back to—~the Kalug of P;.
Time to complete full rebound go'PA was found to be of
the order of about 20 to 50 minutes in most instances.

It is possible that fissures reopened under the reduced
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‘all around confining pressure, resulting in a shorter paﬁh'

-

for water to flow to satisfy'swelling.,
' .The presence of these fissures both in
'éﬁellihg dnd in conSolidaFidn is of considerable importance.

It is not known 1f these fissures are horizontally, verti-
. ., oo
‘caily'or randomly orientated. Drainage of fissures into

sand and silt seams known to exist in situ in these three
"dqpositsfmay greatly affect permeability. Further investi-

gation of the .influence of varying effective normal stress

[

upon permeabiliéy would be‘bf interest.

_Magnitﬁde'df Volume Changes -

Although the samples are of vaxrying void

ratio (Section 7.2), it would seem that compression under

-

all around consolidation 1is a function of the consolidation.
N . .

pressure tFig. 7.3.5); The best examplé'of this phenomehon‘
Ls‘Séuth Nation. It is.poss}ﬂie Fhac”ﬁolume change*is.ine
dependent of initiél void ratic and dependent upon thé
gonded structu;e. ‘This Hqﬁd&d structire Appqa:s to be
_unifofm over thé depgﬁ tested; ‘Possiblf Ehen, it is.not

necessary to use clay of the same average void ratio

from block samples in testing.programs.

!

. -

-
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The arithmetically plotted'deta for the-

three sites is represented in the form of log pressure vs.

%2dV/V in Figs. 7.3.6, 7.3.7, and 7.3, 8 for Castor River,

South Nation;, and Bear Brook. 'The curves, as a function

’ ’ ’
of all around consolidation pressure, cl =0, = 3,-are
represented by solid triangles, Also shown in these

figures are representative oedometer consolidation curves.

In these eases, pressure is the major . principal stress,

e~

should be noted that the points ‘under isotropic triawidl
consolidation are-from difEerent-samples which vary widely
in voild ratie. Points on the oedometer curve are from
successive loads on one'sample. _Investigation of the tri-

axial curve for South Nation (Fig. 7.3.2) indicates a
| 2

definite break at 7.6 1b/in~, It sould appear that the

. combinatian : of principal stresses are induc1ng this breek

in the curve and not simply the magnitude of Ul the
maqor principallstress.

| ' The average'value of Ui:at PC is aboutlZO
lb/in2 from the consolidation tests. Lf-the nagnitude of
the aberage principal ‘stress controlled this break in the

curve of thé triaxial tests,

l ’i .‘

and peints on these.curves are represented by crosses. It

s amnnd
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s

: Ul + 20; : ) ‘ 2
then ———2 = 7.6 or 0y + 203 = 22,8 1b/in

if ‘cl';s 20, then oy & 1.4 1b/1n® in the

consolidation,tests

then K,_the‘coefficient of lateral pressqre.in thejccn«

sdlidation tests eould‘be equal te i;d/ZO_or .0% % 0.1,

This value for K seems unréalisticaily'low. |
‘It is possible that because‘of ttelenisoF

tropic nature of Leda clay, the resistance to defermabion‘

5\

under horizontal stress is less %han resistance of de-

formation under vertical stress, there is a yiel at Gé

¥
1’ ,
On the other hand, this break in the com-

considerably less than O

pression cutve.may te pertially artificial, beiﬁg-caqsed.
by test procedure. Lawrence (1973) noted that "for a
possibly cemented soilta macroscopically uniform hydro-
static confining pressure may well destroy some“of the
bonds due to the uneven microscqpic application of
presSure." | | |
" The curve composed of jany'diffetent tests
undet triaxial isotropic compression At South Natien is

approximately-similar_te that of oedometric, compression

having a P_ = 18.8 1b/in
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Simllar curves fos.the Castor River are
shown in Fig. 7;3(6- There is no apsarent break inlthes
curve aslthefs_uas at South Natiorn ldr the log of all-
around consalIdation pressure Vs, 7dV/V. Insufficient
data below P' s'lOIlb/inz is not available as many

samples were consnlidatsd above Pé to 10 lb/in2 and per-

o

'miﬁted to“rebound srzswell bssk tp,f;. I; is of interest
to note that Ehese'l nes of sWelling.sre approximately
parallel to the initial part of the curve. There Is ;
great variation in ZdV/V at P' of 10 lb/inj2 for Castor
River. It would appear'that the.ban strength of the
clay-aé Castor River‘ls more;influenced by ali'around
‘confining pressures at 10 lb/in2 than South Natios. It
is difficult ts say whether or not the oeJometer con-
solidation curve (Pc =-16 1b/in ) has anything in common -
is tsrms of ZdV/V at a glven pressure with the isotropic
comsression.cunse for alllthree sites.

féimilarly for Béar Brook; (éig. 7.3.8),

-

éhe-slopes of swelling were ?arallél to the initial.slope‘

‘of the log pressure (0 = Ué = 0, 'y ws. ZdV/V for isotropic
compression. Apart from the sample consolidated to 21

lb/in , the isotropic triaxial compression .gurve approxi—

Amates the oedometer cons olidatlon curve (Pé = 43.5 lb/iﬂ ).
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.

.On the Hasis of limited daéa,,éhere aﬁpéars to be 5 break
in the isotropic triaxiél compression curve at about
14 lb/in , though this is open to question
In summation; insgfficient data is avail-

ablé.from the Castbr‘River to estimate accurafely a be-
glnﬁing of yileld under 1sotropic consolidation

| On the basis of only a- small amount of
-data; fhé-ratios of géne to P; at the bgginning_of.yie;d
fdr'South'Nation'édd.Bear'Brook are 0.§Q_and 0.85 ?eér
pecﬁidely.(Table 7.3¢1);_‘Ah empiri&al yielding crit;r}é
. of P' not greater than ghe vane strength may be recason-
“able. It should be realized that P' is an equal all

round pressure and is‘not equivalent to a vertical stress’

in-‘the field for foundation design.

' TABLE 7.3.1 Beginning of Yield Under
Isotropic Consolidation

Beginning of Yield Vane - ‘Vane
p' 1b/in? Strength P Yield
" . 1b/in2 .
Castor River S ' <10 B 5.5. -
South Natien 7.6 7.7 0.99 .

Bear Brook N - 16.5 0.85
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7.4 Volume Change From .Shéar . .
. N p

‘Thé volume chahge from shear are summarized .

|

i) For P' of 2.0, 3.0, and 5:07lb[}n2,.the sampjes com-

pre552d then dilated during shear -
r.

'41i) For P& of 7, 8,110, ll lb/in the samples compressed
progressively during shear ranging'from 1/2 to 27
chéﬁge in volume. |

1ii) For P' of 13 1b/iq the sample compressed pro-

'gressively to 61 during shear.

_South Nation. Fig. 7.4.1_(0' - 63)/2 vs. ZAV/Y .
\ .
. S .
i) From 2 3 to 9.0 lb/in2 ! che'cﬁrQes were iﬁ exact
sequence.» In the early stages of shear ZAV/V wa’s

comﬁressive, then as fallure apprqached, the samples
‘began to.dilaté.' R B o

iis For P;‘of‘}Z,.lS?;17 lb{in2 the_samplés.under?ent
ﬁfégressite'compression to about 2% chahge in volume;

iii) For P' of 20 27 lb/in }he samplés underwent about

7 to 827 change in volume

_5f'
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" Bear Brook. Fig. 7}4.17(0i -,05)/2 vs. ‘ZAV/V

- 123 -

g

THg'Beaf %rook samplesrare‘more diffiéqlt
to intérpret, although they do tend to présent a pattern.
{) For samples of B!=4, 5, 6, 7, 10, 16 1b/1n? the
| ‘sampieé,chpreséed initialiy, theﬁ'dilated‘ﬁurihg
shear. | |
ii) Sdmples of Pé Eqahi to 8, 18, and. 22 ib/inz'com~
pressed prgressively during shear, in the opﬁér

of 1 to 2% change in volume.

iii} No samples tested in this range.

Plotfed in Fig. 7.4.2 are the curves from
each site representing volume changé at failure as a
function of'effective normal stress. The three si;es,'

in order of increasing bond stfength are Castor River,

South Nation, and Bear Brook. The curveérfor,Castor
hiver_dnd South Nation érg much-better défined th;n those
for Be#r Brook; | .

At failure, volume changes are dilitant
Sclow normal stresse; of 4.5,'Gland approximately 8 lB]inz
for Castér River, South Nafipn and Béar‘Brook-respectiyély.
This fiéure also shows that the gregter the bond sﬁrcngth

of the clay, the less the percentage volume decredase or

compression at failur? in the higher normal stress Tranges and

P
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% dv/V Compreéssion

% aVsV Dilation

 Volume' Change af

Failure.

Pal .
s Castor River
, A South Nation
{ ™ Bear Brook
3-«(.
2]
/4 "
0 + — + %
-5 25
d. Ib/in? |
| )
/..
21

X

| figure 742



the greater the dilation or percentage volume increase

at failure in lowet normal strees ranges.
*;;“i; At Castor River, during shear,.samples
| tested at normal effective stresses below 4-172 1b/in2
ndergo dilation at failure. Slope stability analyses
at Castor River have shownlthe maxiﬁum efchtive normal
stress on criticrl ﬁailure arcs.to be below 4- lb/in2 with
- an average value of approximately 2 lb/in2 (Scott, 1973).
Thus negative porewater pressures would be buiit ep duriné
shear unlees there was sufficieﬁt drainage and time to
satisfy dilation.
The.greater tendency Eor dilation at
failure for South Nation and Bear Brook clays would c?ﬁse
. 3 .

even more negétive porewater pressures at these sites

during undrained shear.

7.5 Strain from Shear . ‘!f R 1
Following 1is ejéumﬁary of axial strain

during  shear for the three clays tested.

South Nation River. (Fig. 7.5.1) (g} = 03)/2 vs. 7€ axtal
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i) Strain from Zﬂb-to 3.0 Z'for P& from 2.3 to 9.0
lb/inz. ‘Curvés.in nearly consecutive seduenhe.‘
i1) Strain was ?'and'72'fot Pé ﬁf 12 and 17 1b/;n2,
| respeﬁti@ei;;
i11) Stf;in from 12 to 177 for B! of 15, 20, 21, 27

lb/inz;

Castor River. (Fig. 7.5.2) (Ui - Ué)lz vs. Zeaxial

1) Strain from 1-1/2 to 4=1/2% for P’ of 2, 3, 5 1b/in’.
ii) Strain from 4-1/2 to 6=1/2% for P! of 7, 8, 10, 11
 1b/in%. |

111) Strain of 10% for P! of 13 1b/4in?.

Bear Brook. (Fig.'7.5.2) (Ui - 65)/2 vs., Zeaxial

1) Strain from 2 to 3% for P; from 4 to 14 lb/inz.
it) Strain from 3 to 87 for P! of 6, 16, 18, 22 1b/ 162,

1i11) ‘No samples tested in this range.

Examination of Fig. 7:5.1 for Sﬁuth Nation
indicates fhat between 9 and 12 1b/in2 axial deformation
1ncre;ses.markedly,.and between 12 and 15 lb/iri2 it be-
comes pl;stic.‘ Castor River, in Fig. 7.5.2 undergoes
relatively large axial deformétioqs at low values of P .

Bear.Brobk; a much stronger clay, undergoes relatively

litﬁle.axial deformation.
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Shownuin_?ig€'7.5l3 aré plots of axial
strain at failure vs.'éffective nbrmaIIStress.at failure
for Caggor‘River; South Nation;‘ana Bear Brook.

"It.would.appear that, for any normal
st:ré.ss,_ the gréé_té'r the strength of the soil". kthe less
axial strgin at failure. -Sbuth Nation yalﬁes show ieéé
variation than those of Castor River, and éarticulariy
ﬁear-Brdokf. '

Insufficient data is available tolpostu—
late an explanation of the patterns of 'axial strain shown
in Fig. 7.5.3. Axial ;tr%iﬁ 1s, of éourgé, not onlylg-
fﬁndtion of the shear straiﬁloh a failure suffACE'but-

also of the volume change in thJ sample. Both of| these

parameters however, are related to the normal stress.

”~

Strain and Volume Change During Increment Loading

éingé meén normal Stress 1s héld,constant,
méasured volume change is due solely to the ehange in
deviator ;tresé. ‘Volumelﬁhﬁugés due'to-chénge; in‘mean
normal stress are eliminated.

Behaviocur in shear in tefms of mea5ufed

5 .
volume change for P' = 15 1b/in" appears to be consider-
. m

. v ’) .
ably different than that‘at‘P; = 5 1b/in~. For the
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l . .
‘South Nation clays, a P” of 5 1b/in would be_eonsidered‘

to lie in the low effective normal stress range and’ one
of 15 1b/in would be considered ‘to lie in the intermediate

effective normal stress range.

.¢hQ;peviatoric,velume'changee for P; of.

5 1b/in’

F

(Fig. 7.5.4) for the critical load increments

are compressive, then become increasingly dilitant as;‘ - : W

the deviator strength approaches failure. As the deviator 'i
. . .. - ' ‘ :%5
stress increments approach ultimate strength, strain 3

ass¢ciated with ecach increment becomes prégregsively

greater (Fig. 7.5.5). The deviatoric volume changes for.

P; of 15 lb/in2 for all load increments ere‘éoﬁpressive‘
_(Fig} 7.5;6). As the deviator stfess increments aperoach
ultimate strengtﬁ, both volume change and strain‘(Fig. 7.5.7) - .
become progreseively greater. ‘ _

,Fer the data -in Figs. 7.5?%«3% 7.5.7, it .
wedld.appeaf that_there is a noticeable change'in be-
haviour when the ratio of the applied deviator stress to
the.ultimate deviator strength at failure, ngf, approaeﬁes

0.92 and 0.85 for P! of 5 and 15 1b/1in’ respectively for :

South Nation fissured clay.

Estlfiﬁgﬁﬂffge to full primary consolida-

tion or dilation from volume chanbe during shear is plotted
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aninst the ratio of g/gf for the P' tests of 5 an} 15

.lb/ing (rig..7.5.8): These South Natioh samples havc vold

i

ratios of 1.09 and 1 06 respectively

. .’

. oL Estimates of time to full primary consoli-
dation are possible for p' of lf'lb/in up to about g/g, =

0.35{..Beyond this ratio, volume change (consolidation)

' during "shear appears to be of.a plastic natdre. Also

plotted are: points showing estimates of time to full pri—

ar} consolidation ‘or dilation for P' of 5 lb/inz. Beyond
g/gf - O 92 volume change appears to be 1ncreasingly

plastic and not possible to estimate in terms of primary

, . .
dissipation of excess pore. water pressures. However trends

”

are indiCated’in Fig. 7.5.8 for these two tests by the two

Al
g~

curves shown.
iIt would appear that'the gfeater the value

of‘P"during shear, tne greater the time_required to
satisfy ﬁorewater porewater pressures during shear.
Estimation of strength in the field during shear may re-
quire consi:eration of porewater pressures gencrated by

& shear as. well as those due to the position of the ground
water table.

A considerably gre atev-time is required for

diSSipation of shear induced porewater prcssures for clays
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shea;ed‘uﬁder.higher effectng normal stresses. It 15
possible that porewatef pressure dissipation due ﬁo sh€ar
in the 1§wér‘effeétife normal spreés reglons ié mb;e.f
rapid due to drainage along fissufés. |

~ ' As she#r induced pbrewéte; pressures in
the loﬁér st;éss rangéslage negative, failu;e to.cénsider
’ them.along with pressures due to ground water may Bel
siightlylcoﬁsérvative,'although it appears'th;t thesé'
ﬁegative po;éwatgr ;ressures dﬁe to shear are fairly
quickly éatisfied..‘On the other hand, dissipation of-
‘positive porewater pressurés at higﬁer effective normal
stresses appears to be considerably slower. In the field,
failurg.to cqnside; these positfve shear induted péregager-
preséures along with those 1nduced by ground Qétef'may_be
‘unsafe. '

it would gppear'iha; effective stress

analysis of 1in situ.shgar st}ength would be incomglete
without‘conside?ing positiﬁe and-negati?eupdrewatér pres-
sures developed during sheaf, the time available for dis-
sipation of these pore pressufes, and the asséciatgd'

effective normal stress rTanges.




S

7.6 Yield from Shear Defpormation

k]

' Ppesented in Figs;‘7{6.l to 7.6.3 are plota
_showing contours of axial strain. .Examination.of tne con-
tour spacing shows that a plastic yield under axial de-"
formation begins at approximately 37 strain for all three
ciays. | |

Failurc our;ng shear is abrupt in the low
normal stress region as shown by the ‘contour spacing with
little or no plastic yielding occurring until failure 1is
imminent. lIn th; intermediate stress region failure is
preceded by anlincreasing amounr:of yield. In. the highf
stress region yield is achileved rolatively early in the
'tesc. 'Excessive strain accompanies oacn local increnent
until failure after yielding has been reached

A yield curve for shear deformatiOns is
drawn at approximately 37 iiﬁfl strain“in rha n_—g _space
of Figs. 7. 6. l to 7.6.3, .These 37 yiald curves appear to
indicate at wrat combination of stresses bond breakdown
from shear deformation may begin. Trends shown by these
.curves appear to indicate that during shear the stronger che
‘clay the less the strain at failure for any given low
offective normal-stress range.. Also under the‘same condi—'
tions tho stronger clays tend to exhibit more of a brittle.
'than a plastic failure in strain during shear. This would
seem to indicare that the clays hauing-tha’greatér strangtn

are more strongly borded.

—
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Mithhell (1970}, although his yield'crf;
teria are based on volumetric and distortional strain,
notes that the "failure envelope appears to be indgﬁendent
of stéess path." it would dppear that eny portion of these
deviator strength envelopes within the yield ehvelopes
wdu;d be repnoduqible-ﬁy aﬁy tria#ial stress peth. |

| | The yield curves or:ehyelopes maf_indicate

at what .combination of stresses a sample Qill begin to

undergo bond breakdown by shear deformations no matter -

what stress path the shear test follows,

7.7 Mode of Failure and Effective Normal Stress

Mode of Faillure

The mode of failure was found to be dependent,
. .

:upon the effective normal stress. There appeafed eo be a
pattern evident in the three ser@es tested. Startieg from
the'very lowest effective normal stress, cﬁe mede of failure
was that of ﬁertical sRlitting;‘progrese%ng with inefeased
effective nermalrstress to a combination of vertical split-

-

ting and shea;,‘tolshear, to a combination Qf shear and

bulging or to only bulging. . <\_
' . Typical of shear &n a fissured clay is the
fefmation of a nedular or ‘stepped failure surface as sbobn

for some modes of failure of a fissured clay in Fig. 7.7.1.

1




- 146 -

-Fafluré of F issofed

Clays

ng
((C)

~ 'saupyd a4njio} rgu\abocr 8JON

flgure fl.Z/.

buibing =ng
. 4D3YS a8
BUN NS [DI1118A =GN

"aInjiDJ 40 8POW

— e —— - —— — o —— dnm v e m—

HS SN - S/

,GFE

. 861




- 145 -

In contrast, the shear plane of Hull intact clay is Verl
shdrp, ﬁs‘ﬁf cleanly cut with a knife (Fig. 7.7.2).
Contéined_in Table 7.7.1 for each triaxial

test is the mode of failure (as drawn in Fig L 7.7.1),

Lo O—l+o-l. .

Voo 13 - .
p'-= —>5—=, and effective normal stress, o'. ,

) 2 _ n

Measured and Calcula;ed $' Angles

Listed'in‘TabLe.7.7.l is‘thé qpmeted {where .
possible)laﬁglg of shear by-the relationship ‘
bomus®+ etz N
where Y' = aﬁgle from horizon;alrfor the shear plgne“
. (Fig. 7.7.1). This ¢' is comﬁafed ﬁo the @' measured from
the shear strength envelope in terms of effective normal
‘séress for each of the three sites (Figs. 7.7.3 to 1.7.5).

It would appear that the Mohr-Coulomb theo?y
does n§£ adequately describe the position of the failure
plane in triaxial laboratory testing, although it does seem
adequate to describe the shear‘strengthlof the soll in the
-field.' Eden and M;tchell (1973) have fouﬁd that g ¢'lranging
from 30° te 40° in the l;w-nbrﬁal stress ranges is applic- -
able to landsliding in fissured Ottawa area clays and this
range ‘of ¢' with that obtained by the Mohr-Coulomb theory.

Lawrence (1969) reported that for low
. ”

normal strength testing of a Leda clay, he fqupd that ¢',

i
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Shear Fallure
of an

Intact Clay

—— s w—— i — -

— | Hull clay - |

The‘failb;e plane is smooth, as shown

flgure 772
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N
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00

TABLE 7.7.1 Mode of Failure and Measured '
. . s ' ' ag! o * [
Test Location P n Mode of. ¢' shear
No. - g T 1b/in? 1b/in2 Failure degrees
17 South Nation 3.30 1.70 , VS,SH 30-1/2°
16 " 3.63 2.0 VS, SH .39°
15 " 4.13 2.4 Vs, sH 5
14 o . 5.50 3.4 V5, SH 28
13 " 6.75 4.5 VS,SH 16
12 - 7.94 5.0 . SH 21
11 " 9.00 5.9 ' SH 15
9 " 10.25 8.0 SH - 12
10 . " 11,50 9.2 SH_ 21,
24 . LA -~ 14.25 - SH,BU -
20 AL 14.25 - SH,BU. -
18 o ' 18.50 - © . SH,BU " -
.25 " 18.00 — SH, BU -
21 J " . 21.13 - SH,BU -
22 - » 23,75 - SH,BU - -
23 "o .27.25 - SH, BU -
44 Castor River 2.81 - VvS,SH -
31 " o . '3.88 - VS, SH -
30 o : 6.38 4.8 SH 31
27 K ' " 8.75 8.5 SH 30°
28 Y © 9.88 10.0 SH 150
29 "o 11.75 - BU -
32 AL 1288 - SH,BU -
33 " - 15.13 - BU -

- 37 Bear Brook 5.87 - Vs -
40 ‘ y 7.13 - VS, SH -
35 "o . 8.00 - SH 139
42 . " 8.5 - " SH 179
34 " 10.25 - BU -
36 " . 12.88 - BU -
39 . " 17.63 - BU -
43 i ' 19.75 - BU -
41 " I 21.88 - “SH -

- , :

VS - vertical splitting -
SH - shear

BU - bulging
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[y

calculated from the angle‘of the failure plane from the
horizontal, raﬁged from 10° to 30°. Examination of

Fig. 7.6.4 at South Nation indicates that ¢' (from the

measured angle.of shhear).also ranges from 10° to 30°.

[N )

Insuffiéi;nt datari; available‘from the Bear Brook and
Casfo; River sites to -draw any comparisofs.

Values of ¢' from meésured shear plane do’
not agrée Jith-¢' from the Mohr envelope in terms of
normal‘stress. This may be because the clay is non-
homogeneousA(figsured; and with silé seams) and aniso-
tropic. Lawrence, referfing to Jaegar, notes Qhat.com—-
pressivé stress {i.e., cell pressure greafer thnﬂ zero)

can. alter this fallure surface..

1ot
4

7.8 Summary of Test Results

On the basis of response-during consolida~- | ;
tion and shear'AS_prcsented earlier in this Cﬁaétér, each
of the three s?tes'tested are subdiﬁided-intq repions ;f - L
low, iﬁtéfmediate and high cff;ctive no;ﬁal'stress
(Table 7.8.1). |
| B Tﬂe chafacteristics during lsotropic con-

solidAtion (volume change) and shear (volume change and

L




TABLE 7.8.1 NORMAL STRESS RANGES

Low Normal. Intermediate Normal

High Normal

Location _- Stress Range * Stress Range Stress Range
: 2 " 1b/in? 1b/in2 1b/in2
: L o
"Castor River < 6 6-13 >13
¢ ‘ I
South Nation <12 o 12-20 ' >20
Bear Brook <16 : .lq— -
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and straiﬁ.;t failure) in'the‘low; intermediate and high’
normal‘stre;s‘rangFS for the fhree clays tested are shéwﬂ
;n Table 7.8;2{. Also éhown_are the values of efchtng
»shear stgcngth for these fanges. | |

| Volume chéﬁgc in'consﬁlidation and shear,
and strain in shear do nét-appear go show any'qfegd in
terﬁs of strength of the clﬁys. The only trend that-ig
apparcnt is that associated wiih stress range. The pos-
sibility that cach stress range.has uﬁiqué‘bbqﬁdaries of
volume change and strain independént of bond stféngth may

2

be useful." Compariéon of test results during:shcar‘and
‘ ‘ .
consolidation on any fiésuted clay'of unknown strength to
Table 7.8.2 (using a stress cqntr;lle& constant Pé stress
path) may determine thqlstress range in wﬁich the sample
“has been tested.. This informdpion may not only be valuable
in indicéting feiative étrength, but also provides'an

:indication of at what stress levels further tests should

.be performed to complete a strength envelope.

7.9 Shear Strenﬁth Envelopes’
Shear strength in the high stress region
is of "relatively little practical signitficance," .....

"rhe intermediate stress region is associated with loading




TABLE 7.8.2 SUMMARY OF TEST
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RESULTS

BY STRESS RANGE

L

Stress Range

High

Property Location Low Intermediate
Iéotropic Castor River <2 2-3 , >4
Consolidation South Nation <2 2-3-1/2 »3~1/2
AAV/V Bear Brook <1-1/2 1-1/2- -
Shear . Castor River D-1/2cC 1/2¢-2-1/2C >2-1/2¢C
(ZLV/V)f South Nation D-2C 2C-4C >4C
D=Dilation Bear B;ook D-1C 1C- . -
C=Compression’

Shear Castor River <5-1/2 5-1/2-7 >7

(Zeaxial)f ~South Nation <2-1/2 2-1/2-9 >9

Bear Brook <5 : - -

T Failure Castor River . <5 5-6 >4
1b/in2 South Nation <8 8-9-1/2 >9-1/2

. 11- -

Bear Brook




¢arth eabankzents™ (Mitchell, 1970). For slope stnbility'

che soitl to stress levels above in situ stresses, if.e.,

analysis, we are prizariiy.interested in the low

Ui
2
4]
[+
74
/7]

o ' .
range.. Most of the shear strength testing has been in

she low and intermediate stress ranges.

Presen;eq'in Fig. 7.9.1 are the p'-3' and
the graéh{cally‘obtained g'-%' envelopes fof South Nuti;n.
Castor Rivef,'and Béar Brook réspeécively. A proﬁosal of
whv some of the Bear Brook and Castor Ri;er p'—i' resul&é
are lower.tﬁan woula be expected is éresented-in Appendix A.

" enveldpe to the U'-7' envelope

Transformation of the p'-gq
has beéen discussed in Section 3.4,
- Typical-of fissured -clays, these curves

appear to have a very small or no cohesion’ intercept

(Eden and Mitchell, 1973) when o' equals zero.

In order of increasing shear strength for

a given effective normal stress they are:

1) Castor River
.2) South Nation - | L

: ‘ "3) Bear Brook

. -  From Table 7.8.1, the low, intermediate

. , . _ .
and high normal stress ranges are superimposed upon the

g'-1' envélobeé obtained from Fig. 7.9.1 (Note Fig. 7.9.2).
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CHAPTER 8
'SHEAR STRENGTH AND EASTERN ONTARIO FISSURED CLAYS
8.1 .General

. C Therg appears to be an important relatioﬁ-'
ship between bond strength aud such factors investigated-r
as volume change from shea} and iséﬁropic con;olidation,

_ preconsolidation préssurg, and field vane strength, as

well as the effective stress shear strength envelopes.

It was decided to compare effective stress
shear %trength-to an easily measured property. Field

vane strehgth»was-chosen because it is an easily performed

routine test upon relatively undisturbed material,

A field vane stréngth was estimated Byr
intgrpblétioﬁ'from bbrehole“logs for each sample tested
triaxially: Each of the Castor River,ISoutH‘Ngtion,‘and
,fearﬂBéook sites ﬁere assigned,ﬁn averagé field vane
strength gased upon the field vane strength from the same
borehole and close to the same elevétion of the samples
tested triaxially (Fig 8.1.1). The average vane strengths

were 800, 1000, and 2400 lb/ft2 respective;y for samples

tested ﬂn.the low effective normal strgss ranges. Fileld
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vane_strengths for the range of sam;?es tested at Brecken-
ridge (Mitchell? l97d)'and Orleans (Eden and Jarrett, 1971)
are from thé'litcrakupe. Field vane sﬁrength for Rdckéliffe
clay (Mitchéli, 1970) is from borehole logs prﬁ;ided,by‘
“Mr. G. C. HcRastie_of Ottéwa. No‘value ;£ fieldfv;ne
strength was_availaﬁle'(ﬁitchell,,1973) for the Soﬁth'Nafion'
clay of Edgn and Mitchell (1973).

| This chapter represents the deviator 5trengtﬁ
envelopes for six fissu;ed clays in terms pf field vane
strehgth and proposes an empirical ;elatioﬁghip.
Due to the 1nflgence of anisotropy,.méﬁbrane corrégtions,‘
and end friptibn_during shear; the.relationship is more

relevant for clays tested in the low effeéctive normal

"stress ranges. -

8,2 Effecﬁive Shear Strength Envelopes

A detailed search of the literature for
deviator strength envelopés has been Qndertaken; Shown
in Fig. 8.2.1 4is a standﬁrd-method of présentation of.
shear strength data from.Edén éﬁd Mitchéll (1973).

Deviator stfength envelopes for'Bréckqn—
ridge (Mitchéll,-lQ?O){ Rockecliffe (Eden and Mitchell,

1970; Jarrett, 1970), Orleans. (Eden and Jarrect, 1971);
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and South Nation (Edpﬁ aéd Mitchell, -1973) have'peen
transferred graphicaily to'effective-shgar.strengtﬁ
envelopes and are presented in Fig.‘8.2.2. |

. Of these fissured clays,lthat of Rockclifée
is the anly‘one that hasrfénsile strength testing.to coh:;'
plete the entire sfreﬁgth envelopé. The shear strength |
engelope for Rockcliffg passes thrbugh'the origin ét
0$4= 0. THelother cIaQslshown in Fig. 8.2.2 are fissured
and may ot may not have sﬁear strength envélopes which

pass throkgh the origin.

.

Presented in Fig. 8.2.3 are'shéa;'stfength
" envelopes for Bear Brook, South Nation, and Castor River

from Section 7.9. No testing has been performed in the

[
-

very low stress range where tensile tests are/reqqired.
It is not known whether these envelopés\have a zero co-

hésion intercept or not when 0; equals zero.

Table 8.2.1 l1lists various values bf'g'
for fixed values of p"and assoeiate:/field vane strengths

for the three clays tested as well ag for Orleans, Rock-

1
cliffe and Breckenridge. It should be noted that
Breckenridge 1s a fissured clay not of FEastern Ontario,

but rather of across the Ottawa River in Quebec

(Fig. 6.2.1).
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TABLE 8.2.1

DEVIATOR STRENGTH ENVELOPE DATA |

* . . . o :

p'=3  p'=3  p'=7  p'=9  p'=1l - Fleld

‘ . ' . Vane

e - ¢ a " .a " g 1n/ £t
/ .
. K x "
Castor River =~ 2.5 3.7 - 4.75 | 5.4 . 6.1 800
' : 4 , l o .
Breckenridge 2.2. 3.6 4,35 6.05 - 7.1 1000
South Nation 2.7 4.05 .5.3 6.3. 7.3 llQO
Orleans 2.9 &b 5.6 6.6 7.7 1400
: . : \ e
Rockcliffe = 3.0 4.4 5.6 ° 6.65- 8.0 1450
Bear Brook . 5.0 6.5 7.6 8,7 . 2400-
. ) ‘ M . .
. . e : .
lb/i'n2 T g A L
v
¥
) L
” v

-
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Some properLiJs of these-clays are pre-

.sen;ed'in Table 8.2.2. Preconsalidation'p:essure and vane
strength are the only properties that show a trend with
the magnitude of the effective stress shear strength

envelopes.

8.3 Deviator Strength Enﬁélgpes'ana Field Vane ékrength
Thé deviaﬁor'sﬁrength envelope; and the
field vane,shear‘strengths from'the six sites are compared.
Each of th1se deviator strehgth envélopes; or p'-q' curvqg
have been represented b; five (ﬁ',ﬂ') ppiﬁps in Tablq 8.2.1,.
The table lists, for constant values of p', associated,
values of Q‘ for all envelopes, and also average fleld vane
SQrengths asépciated.with éach envelope.l Table B8.2.1 1is
prdsented graphically in Fig. 8.3.1 as a plot of q' vs.
Eieid vane streng?h for different‘va}ues of pf. Tﬁis p;r-
mits the comparison of deviator strength envelopeé from.
different sites'on the basis 6? vane strength.
For the six clays presthed in Fig. 8.3.1,
there.appears to be a good relhtionship between field
vane strength and the envelopes of ‘effective deviator
(‘c.’r norma*shear) strength. This graphical figure nay

be useful¥for estimatiﬁg deviator strength (and hence
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g[fective shear strength) envelopes for cls?slef Fastern
Onterio ‘on the basis of the simple field vane test.

1t may be gossible to estimateithe.effecmive
.st#ess shear strength by -means of. a series of fieleevane
tests in the area to be ;itestigated For slope stabilityt
analysis it is recommended that these vane.tests he taken
at the elevation of potential-failure sdrfaees. One‘er
more series ef‘field‘yane strengths'chesen’es representa;
‘tive of the area being studied'hay be selected, resulting
in one or more effective shear strength envelopes._
Further investigation to substantlate this relationship
between the deviator (hence effective shear) strength

envelopes in the low normal stress range and fleld vane

strength for fissured clays of Eastern Ontario 1s required .

—“R
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CHAPTER 9
CONCLUSIONS-

9.1 Geferal

Summarized ‘in this Chapter are accomplish-

]

ments, conclusipns, as well as recommendations and

suggeéstions for future.work.

9.2 Summary of Accomplishmentg . .
. e ] . . . i

The effective ‘shear strength behaviour of
three fissured Leda clays has been idvestigated. Some

af .the conclusions from this investigation have been

summarized in the following sect&oﬁ. Theit actions
during shear and consolidation have béeﬁ‘deséribed in
Chapté: 7. Réldtipnshipsubétueen these ;ctioné and clay

strength have been given. '

-

Three more shear strength envelopes for

fissured clays have been added to the literature. It ls

apparent that shear strengths of Eastern Ontario fissurgd'
clays vary widely. This has been demonstrated by the”
. : | D .

. 1 N -
L . ’ . r.g =
. . ) . .
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range of the sheat strengths found for the three clays
‘from Cgsto: Rifef, South Nation and Bear Brook, and

" those in the literature.
L | T A rélgtionship between shear strength and

|

field vane streﬁgth'has been proposed, based on data

available.

9.3 Imﬁortant Conclusions

'F?llowing is a summary of the concldsions

of this study.’

1

‘l.. There appeafs to be a. relationShlp Bet&een bond strength’
and such factors as preconsolidation pressure field
yape strength, volume_chanée from-lsotroplc consélidh—
tioﬁ and shear, and-strain . from éhear.
2. When rhe-ﬁehaviour during shear and isotroplc consoli-
dation have been éxpressed in terms of low, intef—
mediate and,high normal stress ranges for the three
fissured clays tested, it would appear: that there ‘is ’
no trend {in teras of shear strength Behaviour in S
each normal stress.range gppgars to be about the Same 

for all three clays. Comparison of constant PA drained

)
K
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stress éontfolled data far aﬁy fissﬁred clay tg data
fﬁoﬁ the;th;ee abﬁve tests may aid‘i; determining the
stress regilon iﬁiéhich a_f;ssured leda cléy of un-
knowh stréngtﬁ'waé tested.‘ o ¢

3. ReslsganceVté'deformatioﬁ.hnder.horizontal,stress
éppeafs to %g much less than resistance under verticaf
stressﬁduring isovropie‘con§olidétion. Tﬂis is.of |
importance wﬁén Ebnsidering the anigotropié naturc‘of
the clay for design purposes. H

4. .Strpnglyibbnded fisgured Elays in shear'undergo_greafer

diiation in tﬁe low normal stress taggcs and less com-

pressipn in the higﬁ normal‘stress ranges than 1;55

strongLylbonded fissured ciays._ It would appgar;that

for fissurgd c1éy5, poredatér pressures induped by |
shear at low normal stress comparable ‘to in situ con-
ditions for sloﬂe stability ah;lysis'are negatiye.

5. The influence of'fiséures on drainag;mpathg and time
to full primary consolidati?n h;s beeﬁ invespigéted,
élthoqgh it is not known if fissures.actuaily do exiét_
.in sigu, or are a producﬂ'of stress release during
samplimng, their effec£ uﬁom time to primary qonsolida-
iioh during~£éotrbpiC‘ponsolidation and dissipation -

of porewater pressure induced by shear is considerable.
- ] . . . M

S
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R

6. It would appear that effective stress analysis of in
situ shear strength éouid be incomplete'without.eopw
sidering poeiiiverand negatiee porewafer pressures

'oeveloped during shear time for dissipation of these
-pressures, and the associated effective normal stress
raﬁges. |

7. Volume change from.sheaf and isotropic consolidation
appears‘to be independeoq of initilal void ratios
ranging from 1. 1 to 1.8.

8. The use of randomly selected samples of widely varying

.‘void ratio and depth (below ‘the crust) does not appear
to introduce excessive scattef of deviatoi'Strength
data | o ..

9. The 3% axial s%rain yield curve envelope may indicate.
at what combination of stresaes a sample may begin to
undergo bond breakdown during shear.

10. The Mchr-Coulomb theory does not adequately predict

'the inclination from the horlzontal of the triaxial

shear*plane,-but it appears‘quite adequate to describe,
situ shear strength on the basis of laboratory tests

in low stress ranges for the f1ssured clays tested.

11. Fissured leda clays of Eastern Ontario vary: considerably

in strength. Czi&irison of field vane strengths to

]
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"13.

14.

15.
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shear strengéhé has led tosxan empirical relationship

based on limited data by which a deviator strength

envelope (or shear.strength enveLope) may be reproduced

. w;th'a single or'avergge field vane strength;

Field vane to preconsolidation pressure ratlos of the.

three clays tested ranged from 0.26 to 0.34, in agree—.
ment with otﬁei-fissured,clays of-the Ottawa area.
Crawford and Eaen (1566) fou&d for tﬁe Ottawa-ﬁreé
fissured clays that the?é'appéars to be a distinct
relation;hip betw%eﬁ elevation and pggconsolidation
pressure across a number of. sités. Clays at Ehe three
sites were tésted for precoﬁsoliaatioﬁ pressure’ at
appro?imately-fhe same elevatién. They exﬁibited pre-
consoliéhtion pressurés ranging from 2300 to 6500
lb[ftz: There does not apﬁgér to be aﬁy'relq;iqnéhip
in‘this are§ between a given EIQVationnigq preconéoli-
daﬁidh pressure ‘for the three sites tested.

p'-q’ pbints, which constitute the deviator strength

'envelobe should be obtained by means of test procedure
I. Emplbyment of test procedure 11 involves isotropic

consolidation to pressures above Pé. This results in

a small reduction- in measured strength in some cases.

Good shelby tube samplés appear to vield the same
- . : =

effective shear strength results as block samples in

L]

|

1
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.
.

-

the low to ?ntermédiate mérmal stres; ranges for South
Natidnlﬁissuréd clays. It'ig possible phat tube |
samples.frop the.other qujsites.teéted are adequate.

‘ R .

Al -

9.4 Reconmendations and Suggestions
Following are some recommendations and

‘suggestions based upon tesﬁing results of the programne.

L. qu;her experimgntation‘into the behéviour of fisSured
clays du;ing consoiidation and shéar in each of the
low,'interhediate and-high stréss ;egibﬁs ié required.

2. Further iﬁvestigat;oh of the aﬁp;rentiy anisotropic
bond strength exhibiteA_by thé clays tested‘under- 
isqtropic triaxtal compression is of interestf

3. Further ;nﬁestiggﬁion into the_origin_apd extent af
fissucres both iﬁ‘lﬁboratory snmple; and in situ, and
their influence upon perpeability is required.

4., ﬁore'research into anbetter understgnding of bond
strength 1is required. Possibly an investigation into
phy;io—chémical propérties of the léda.cléj would be
of considerable interest.

5. A Berter'unde;stgnding of ﬁog'stfeﬁgth‘éppeaIS'to
Control volume cﬁadge during isotropic consolidation
and shear irrespective.of void ratio is.of interest.
—_ : , :

; v

=
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+ ‘ . ~ : ‘ .
6., A testing programme looking intoapoSE~peak residual
strengph of fissured leda clays of Eastcrn‘Ontario
. gould'further describe behaviour in shear for.these
clays.
7. Confirmation of the proposed relaLionsmip between

shear strength and fleld vane stremgth by further

testing 15 required.

R 1] 4

8. In the future, testing and storage of samples should

be at or near ground in situ temperatures. This

‘ground téhpérature should be recorded when samplin
in the fiela.

9. ;Duriﬁg resting by rhe P& étréss path, samples:shoﬁidl
not be ronsolidated ébove Pi cas this ma?-disturb

boﬁding Test procedure I should be,followed.
10. 'Contrary to the standard backpreq?giz of 15 lb/in2

‘ i N
employed in the literature, a greater value shoulq'
. . '

be used in order to ensure a sufficient degreefof

‘saturation without waiting for an excessive length

of time.

B
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.. APPENDIX | /- = | ' '

. 4

A. Effect of Test Probedure'on Measuéed p' and gq'

N

As discussed in Section 5.6 on Test Pro- ¢

cedure, some samples in the Castor'River and Bear Brook’

-

series were consolidated to pEpssures-ih excess of'P; and
'phen permitted to swell at P;: prior .to shearézg.
Tt appears. that this pr5cedure mﬁy.haye_

yced the measured deviator strength sfightly in some

Samples whichswere cohsolidated-isotropicallj to
preésur‘s ﬂbogg Pé.are indicdte@_(qlong-with isotfopic
consoL&Eation pr;ssures) in 'Figure A.l.-_Nmee;ing from
the left the p'-g’ point; affected b; isofropic con-,

'solidation to pressures above P' are the third (1;\\b/in )y jruhd

fourth (10 lb/in_l amd fifth (10 lein ) for Castor River .

“and the fj (zo'lb/;h.), second (10 lb/in s, third (20

.lb/inz), fourth (lO,ib/inZ), fifth (20 lb/in E; and sixth  ' .
"s

(20-lb/in2) for:Béar Brook. Atypastor River only the n .

. - . . e - 2 . .
'point consolidated to.l10. 1¥/in", hauing a P' of.5 lb/Ln

appears to have been slightly disturbed. At Bear Brook

. | e
k }points of P' of 6, 8, 10\}€Vin cdhsi}jdated to 20 lb/in

!
akd allowed tho swell t?, P' appear to have sl1ght1y reduced .

-

) m e 3
%eviatqr strengths. The deviaior-strength associatgd with -
. N . -. - - ' r . . . .
- .. R ' A
! e

. . N . -
» - - . - -~ + A
L] R ‘ . L L.
T 4 0 .
N *
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~ Isotropi¢ consolidation’ of samples to pressures in excess |
_of P'. Prassures indicated where applicuble .
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dé oﬂ'b lb/inz.consolidated to 20 lb/in2 does.not appear .. _' "J
to have been reduced by this test procedure. This can be
noted;in,Fig: 7.3.8 where. isotropic consolidation to 20
.lb/inzjin‘this instance has notrresulted in_excessive
pe;centage volume - change- _ .

| Consolidation of Bear Brook samples of P'

of 5 and 7‘lb/in to 10 lb/inz, prior to swelling-and shear,
appears to have little effect’upon measured strength \it ’
would appear that any advantage obtained by consolidating
samples to pressures in excess of P' in order to reduce ' w?
influence of sampling and handling upon measured deviator
strength is. outweighed by a slight reduction in deviator
strength caused by this isotropic consolidation of samples
to pressures in excess of P'

| It is recommended that, in future testing,

samples be'consolidated to pressures not in excess of P&.

e

o“
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