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ABSTRACT

Stability probliems are encountered within the glaciolacustrine sil+ts
of the South Thompson Valley near Kamloops, British Columbia. Field
investigations have been carried out examining slope failures, piping and
col lapse features typical of the area. The strength parameters, collapse
mechanism and the nature of the cohesion of the silt were examined in the
laboratory.

The sensitivity of the soil to slight inputs of water has been examined
in detail from the strength and structural stability aspects. A collapse
mechanism has been proposed for the lacustrine silt. Although the colluvium
derived from the lacustrine silt is known to be highly collapsible, only
preliminary laboratory tests have been performed on the colluvial material.

The short and long term stability of the slopes have been studied with
consideration given fo the effects of urban development. Based on stability

considerations, a possible zoning scheme for urban development has been
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CHAPTER 1

INTRODUCT ION

1.1 Introduction

Geotechnical problems associated with the glaciolacusfrine silts
of the South Thompson Valley have been examined. The area of study
encompasses the silt bluffs on the north side of the South Thompson River
Just east of Kamloops, British Columbia between Highway number 5 and
Harper Road (fig. 1). The problems of slope stability, piping and soil
collapse encounfered in the semi-arid environment invariably relate to
excessive moisture inputs.

This report examines the contrast in behaviour of the silt in its
naturally dry state and in its saturated condition. Investigations
involve field reconnaissance and extensive laboratory testing of undisturbed
silt samples. A possible collapse mechanism is proposed. Basic slope
stability calculations are also presented along with a proposed zoning

scheme for urbanizational developments.

1.2 Geologic History

The silt of the South Thompson was deposited in a glacial lake
referred to as Lake Thompson (Mathews, 1944) during the last deglaciation.
Receding ice from the uplands left an ice tongue in the main valley.

The tongue separated in the vicinity of Monte Creek (fig. 1), The western
lobe retreating toward Kamloops Lake and the eastern one foward Little

Shuswap Lake (Fulton, 1965). During the initial receding stage from the
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adjécenf uplands, maximum erosion, transportation, and deposition occurred
(up to 20 feet/year) (Fulton, 1965). Much of the siit was derived from
the erosion of the till on the uplands adjacent to the valley and entered
the Thompson Valley in the vicinity of Kamloops. The coarse portion of the
Till was left on the upland while the silt was carried into the valley.
With the drying out of Lake Thompson, dessication of the sil+ts
resulted, followed by the incision of the South Thompson River which
resulted in the formation of a single broad river terrace between 270 and
360 feet below the bench-like remnants of the original lake floor
(Ryder, 1971). Gullys formed within the silt bench, draining into the main
river channe!. Further erosion of the lacustrine silt left the gullies
filled with a considerable thickness of colluvium. Today, continuing
erosion is resulting in the formation of secondary gullies within the valley

fitl.

1.3 Surficial Geology

The main deposit within the South Thompson River Valley has been
referred to as the South Thompson Silts by Fulfon (1965). These glacio-
lacustrine silts form well-defined benches on either side of the South
Thompson River near Kamloops. The silt is characterized by varving and
laminations. Each rhythmite consists of a thick silt layer on fop of a
thin clay band. The clay bands vary from one inch or less in thickness
near the top of the section to half an inch to four inches near the lower
section. The silt bands grade from one inch at the top of fthe section
+o 250 inches thick at the base (Fulton, 1965). Horizontal laminations
paralle!l to the bedding are evident within the silt bands.

Throughout much of the valley, the silt is covered by a brown loess



capping on thg bench surface varying between 6 inches to 10 feet thick.
The other soil derived from the lacustrine silt is the colluvial material
which covers the slopes below the near vertical bluff face of the
benches. Gully floors are also filled by considerable thicknesses of the
colluvium. In the field, the colluvial deposits may be identified by its
lack of varving (although laminations may be present) and by the presence
of two white volcanic ash layers. These tephra layers are thought to be

Mazama (6600 yrs.B.P.) and St. Helen's Y (3200 yrs. B.P.) (Fulton, 1975).

1.4 Climate
The semi-arid environment of the Kamloops region has been summarized

by Evans and Buchanan (1976):

mean annual precipitation 260.6 mm
mean annual rainfall 186.9 mm
mean annual snowfall 769.6 mm

The hot summers reach a mean temperature of 20.8 °C in July with
daily maximums of 29 ©Cc. Most of the rainfall occurs as summer showers
during this period. In December, January and February, temperatures
drop below freezing. In early March, femperatures rise sufficiently
for rapid ice and snowmelt conditions. During this month, the wettest
ground conditions exist - especially when combined with the occasional
high intensity showerl

The vegetative cover is sparse, consisting mainly of sagebrush and

bunchgrass.



CHAPTER 2

F1ELD RECONNAISSANCE

A low level flight from Kamloops to Pritchard and down the Okanagan
Valley to Penticton was initially carried out. This was followed by a
series of ground traverses, joint mapping, a soil sampling program and a

field seepage test.

2.1 Problems Observed

2.1.1 Pipes and Sinkholes

Many pipes were found in the colluvial deposits and although less
numerous, they exist within the glaciolacustrine silt. Pipes exist as
shaft-like voids with their axes near horizontal, near vertical or
inclined with the slopes. (fig 2 & 3). Pipe opennings as large as
12 feet in diameter have been found. The origin of these pipes has been
attributed o (1) the piping process as a result of water erosion in which
silt particles are distodged and carried away by flowing water and/or
(2) the collapse of the loose soil structure as a result of wetTing.

A related feature is the presence of large ground depressions or
"sinkholes" found on the bench surface. They occur either as isolated
depressions or in alignment with gullies (fig 4 & 5). These have been
attributed to (1) the caving of the ground above a subterranean pipe or
(2) to the co!lapse of soil structure upon wetting, either of the near
surface silt or at depth followed by successive caving of the overlying

material (Hardy, 1950; Evans & Buchanan, 1976; Nyland & Miller, 1977).






2.1.2 Slope Stability

Although no major slope failures are evident within the study area,
instability does exist on a smaller scale. Evidence of shallow slab
failures and block failures can be seen on the near vertical slopes facing
the South Thompson River and in the steep gully walls within the lacustrine
deposit (fig. 6). Colluvial slope failures within the study area are
also of small magnitude. However, outside the study area, on the south
bluffs of the Thompson Valley, colluvial slope failures are of greater
frequency and magnitude due to urbanizational disturbances such as under-

cutting of the foe of slopes.

2.2 Slope Geometry

Near Kamloops, the silt occurs in benches on both sides of the
South Thompson River, sloping gently towards the river at an elevation
of 1600 to 1500 feet. The bench fterminates at an irregular scarp line
running approximately parallel to the river below which a steep irregular
bluff wall breaks into colluvial slopes (fig. 7). Many steep sided gullies
with depths in the order of 300 feet dissect the benches perpendicular
to the river. One of these gullies (Magazine Gully)(fig. 8) was chosen as
the detail study area since it contains some of the steepest and highest
standing bluff faces,.represenfing the least stable slopes. From eight
surveyed sections within Magazine Gully, the slope geometry can be
generalized in the form given in figure 9, consisting of approximately
100 feet of lacustrine silt at a 70° slope, breaking into a 35° slope

of colluvium that grades into a very slightly concave-up surface which
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12.

could be appraximated by a uniform slope angle of 28° from the horizontal.
Little is known about the depth of colluvium on the slopes, however,

a cross-section given by Evans (1976) which was deduced from resistivity

and dynamic cone penetrometer data indicates depths of 30 to 60 feet at

the gully bottom and 15 to 30 feet midway down the colluvial slopes.

The depth of the lacustrine silt deposit is also unknown but it is believed

that the silt extends to a minimum depth of 500 feet and possibly greater

than 1300 feet in depth (Fulton, 1965).

2.3 Jointing

A small joint survey was carried ouf by running traverses along the
base of the steep bluff face with a Brunton compass. As in all joint
surveys, human bias and accessibility problems must be kept in mind.

Joint orientations were measure, mainly from tThe east face of Magazine
Gully which trends approximately North-South. The stereonet plot (fig. 10)
shows the poles of joints plotted in northern hemisphere projection of a
Wulf net (Hoek & Bray, 1974).The joints are mainly steeply dipping fowards
the western sector. This is expected since joints dipping east would
represent unstable conditions on the eastern bluff face. Since The

joints are all near vertical, a rose diagram is ploffed (fig. 11) with
radial lengths representing the number of joints falling within each 10°
sector of the sTereoné+. The rose diagram indicated that four major joint
sets exist nearly perpendicular to the almost horizontal beddding. Two
major sets exist at strikes of 30° and 120° while two weaker sets occur

at approxima+é|y 0° and 90°. The combination of these joint sets forms the

local columnar jointing seen in the field (fig. 39). This type of
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columnar joinhing is also typical of the silty loess deposits in the
Western United States. It should be realized that this joint survey
is limited fo a very specific area and may not apply on a regional basis.
Many of the joints are continuous and near planar extending the full
height of the bluff exposure with joint spacings of about 4 fo 8 feet.
Within the top 20 to 30 feet of the section, the joints are more closely
spaced, becoming discontinuous fissures. The origin of the jointing
is probably due to stress release and shrinkage on dessication.
Most joints show no signs of weathering, but many are coated with a
brown weathered film and a few show signs of swelling and slaking along

the fracture line.

2.4 Soil Sampling

DifficultTies were encountered in attempts by the Department of
Highways to retrieve intact undisturbed silt samples by Shelby Tubes.

The samples obtained by this method were highly fractured. Therefore,
Sampling by backhoe operation was employed.

Block samples were obtained from two backhoe pits on the bench surface
adjacent to Magazine gully (fig. 12) at a depth of 4% fo 53 feet. The
blocks were hand carved with a sharp knife, making use of existing in-situ
fractures. During sampling, the weather was generally cloudy with brief
periods of sunshine. .The temperatures reached 319C with a humidity of
154 (June 29, 1976). To prevent moisture loss, the soil samples were
immediately wrapped with "saran wrap" in the field and transported to
the Kamloops laboratory for waxing. The samples were then taken by car

to the University of British Columbia where they were re-waxed with a low
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permeabli+y, pliable wax and stored in a constant temperature laboratory
environment.

Prior to the backhoe operation, surface block samples were obtained
from two other locations within the lacustrine deposit for specific
gravity determinations and preliminary tests fo acess ifs trimmability
and special equipment requirements.

In mid-May of 1977, the study was further extended fo include the
preliminary consolidation testing of colluvium. Two waxed block samples
of colluvium were supplied by the Department of Highways (Geotechnical
Branch) in Kamloops. The enclosed descriptions of the location of the
blocks are included in Appendix | along with the description of the

lacustrine samples and their site locations.

2.5 Field Seepage Simulation

A small french was excavated 4 feet west of the backhoe sample
pit #3 and filled with water to observe the seepage rate and to attempt
to cause piping and/or a slope failure to occur on the adjacent pit face.
The small trench was continuously fed from a water fruck fo maintain
approximately 27 inches of water at the midpoint of the trough. The initial
seepage under the large capillary head was 1.0 f+.3/min. dropping to
about 0.9 f+.3/min. after one hour. The trench was then allowed to
drain complefely and é small 2 inch diameter identation (pipe?) was
observed at the central base-line of the west side of the french. The
trench was again filled, giving a seepage rate of 0.7 ff.s/min. after
another hour. The water left in the trench was then channelled away with

the backhoe to determine the position of the wetted front. The front
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extended 3 feat to either side of the water trench edges and extended 4
feet and 6 feet below the trench floor on the east and west sides respect-
ively.

The wetted front did not enchroach onto the pit face in the Time
allotted as expected, thus no piping was evidenced on this face. However,
on the west side of the trough, the "pipe" formed was large enough to
insert an arm into. The "pipe" was a very low strength 'liquefied'
channel extending about 8 inches into the face and curving to parallel the
trench face, heading south for an unknown distance.

Calculations show that the estimated 160 f+.3 of water pumped into
the +rench could easily go into the partial filling of the voids in the
silt. The total void space within the wetted zone is approximately

3

250 ft.”, therefore the water input represents only 64% saturation of

the soil.
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CHAPTER 3

BASIC SOIL PROPERTIES

3.1 Specific Gravity

Specific gravity determinations were carried out in the constant
temprature laboratory according to The procedure outlined in Lambe
(1951). A fotal of seven tests with samples from four different locations
resulted in specific gravities between 2.749 and 2.796 with an average
of 2.77 for the lacustrine silf. The high specific gravity is probably
attributed to the presence of mica in the silt.

Specific gravities were also determined for two colluvial samples.
The sample from fthe incised creek showed a specific gravity of 2.60
and the sample from the wall of a small pipe had a specific gravity of
2.78. |t would seem that the properties of the colluvium is not uniform

and will be highly dependent on its location.

3.2 Grain Size Analysis

Hydrometer analysis of the lacustrine silt from site #3 was performed
by the undergraduate students at U.B.C. under professor and graduate
student supervision. 'The procedure as described in Lambe (1951) was
followed using sodium hexametaphosphate as the defloculating agent.

Sample preparation included mixing the sample and defloculating agent in

a blender for 10 minutes.
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The data is plotted in figure 13. Table | summarizes the results.

TABLE 1. Average resulfs of the hydrometer analysis of the Kamloops
silt (lacustrine silt) from site #3.

% sand 4%

4 silt 897

% clay 7%

D10 0.0027 mm
D60 0.0092 mm
C 3.4

u
MIT classification: 'fairly' uniform clayey silt.

Data from Evans and Buchanan (1976) agrees with figure 13 even
though a defloculating agent was not added in their testing procedure.
Their grain size analysis on the colluvium indicates little difference
in the particle size distribution as compared to that of +he‘|acus+rine
silts. This similarity suggests little sorting has resulted and consequently
confirms that the silt was transported only a short distance prior to

redeposition as colluvium.

3.3 Mineralogy

Mineralogical analysis on the lacustrine silt has been presented by
Fulton (1965) and Quigley (1976). Tables I1A and |1B shows a general
agreement in the analysis. |t should be realized however, that Fulton
analysed the silt and sand fractions optically while Quigley used

X-ray powder analysis on the whole sample (ie. with the clay fraction

included).



TABLE I1A. COMPOSITION OF KAMLOOPS SILT
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MINERAL FULTON QUIGLEY
(optically) (X~ray powder)
quartz main constituent abundant
feldspar major constituent moderate
mica major constituent minor
ferromagnesian minerals minor constituent minor
TABLE I1B. X-RAY DIFFRACTION OF CLAY FRACTION ONLY

MINERAL FULTON QUIGLEY
montmori ! lonite 35 - 40 % abundant
illite/mica 28 - 35 % moderate
chlorite 27 - 36 % minor
kaolinite - minor
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3.4 Atterberg Limits and Field Moisture Content

Data for atterberg iimits of the silt has been presented by Evans
and Buchanan (1976). Liquid limits given ranged from 27% to 36.8%
with an average of 31.1% and the plasticity index ranged from 1.9 to
11.7% with an average of 8.4%. On the plasticity chart, this data would
plot close fo the A-line within the same region as the silty loess of
the western United states studied by Gibbs, Hilf and Holtz (1960).

During the summer, natural water contents measured by Evans &
Buchanan (1976) ranged from 0.2% to 2.4% near the surface. Samples from
the backhoe operation at a depth of approximately 5 feet had a natural
water content of 7-8% in June at the time of sampling. A water gradient is
expected to exist with depth but its actual vertical variation is not
known and subjected to seascnal and local flucfuations. The regional
ground water table exists well below the slopes under consideration within
the study area. However, it is highly possible that perched water tables
during rapid snowmelt and heavy rainfall above the clay seams within the

varved sequence exists.
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CHAPTER 4

LABORATORY TESTS

4.1 Scanning Electron Microscope Studies

Three samples were studied under the Efec Autoscan Scanning
Electron Microscope on the University of British Columbia campus. The
first two undisturbed samples of the lacustrine silt were scanned parallel
and perpendicular to the bedding. The third sample was aremolded sample
viewed perpendicular to the sedimentation direction. The remolded sample
was formed by allowing a well-mixed slurry to slowly air dry under laboratory
conditions. The initial water contents associated with the samples were
considered low enough that structural alteration was negligible during
the drying process (the undisturbed samples had a water content of
7.6% and the remolded sample was at 1.9% water content). "Drying" was
achieved by slowly applying a vacuum of 10-4 torr to the samples. The
samples were then coated with a few hundred Angstroms of carbon (gold-
palladium coating was advoided since X-ray micro-probe analysis was
desired}.

Electron photomicrographs of the soil are presented in figures
14 to 19. Stereopairs (not shown) of the samples showed a strong horizontal
preference in orientation of the platty particles in the undisturbed and
remolded silt. Structurally, there appears to be little difference
between the remolded and undisturbed lacustrine silt other than the

void ratio differences (l.14 and 1.28 respectively).
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A microprobe (Ortec Multichani el Analyser, Model 6200) was used in
an attempt to identify the mineralogy of the particles. Buf interpretation
is always difficult when only elemental data can be obtained and the
quantitative data being questionable. The particles 18A, 18B, 19A and
198 in figures 18 and 19 yield The fol lowing elements, listed in decreasing

peak intensity.

Particle 18A: Si, Al, Fe, K, Mg, Na, Ti
Particle 188: Si, Al, Ca, Fe, K, Mg, Na, Ti
Particle 19A: Si, Al, Mg, Fe, Ca, K, Na, Ti, S

Particle 19B: Si, Al, Fe, Ca, S, Mg, K, Ti

The platty particles in the photomicrgraphs are probably mica
sheets (eg. particle 18A in figure 18). Particle 18B may be feldspar.
The clusters of 19A and 19B in figure 19 are possibly montmorillonite.
Much of the clay present in the sample exists as clusters or peds, but at
+he same Time, it provides bonding with the silt particles it contfacts.
The photomicrographs are generally at too small a scale for small bridging
clay structures to be clearly visible. Close examination of the larger
scaled photographs (eg. figure 19) clearly shows the fType of bridging
possible befween silt grains.

Scattered throughout the sampie are siliceous diatoms (melosira
granulata). This common species is associated with freshwater lakes

and therefore most likely dates back to fhe last deglaciation.
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4.2 Unconfined Compression Test

To determine whether strength anisotropy exists for +he lacustrine
silt, eight samples were tested in +he motor driven unconfined compression
apparatus. Four samples were subjected to axial loads perpendicular to
the bedding (¥ 11°) and four samples parallel to the bedding (% 10%).
All samples were Trimmed from the same intact block from site #3. The
water content of the silt block was 6.8%. The samples were failed at
a constant strain rate of 0.1"/min. or approximately 3% strain per
minute. The stress-strain data plotted in figure 20 shows that a slight
anisotropy exists with maximum strengths (T) of 1.93 - 2.36 kg/cm2
for samples loaded perpendicular to the bedding. All failed samples
exhibited axial splitting which is characteristic of the failuremode of
brittle materials in unconfined compression (Townsend, Sangrey & Walker,

1969; Coates, 1970).

4.3 Triaxial Test

To determine the strength envelope of the silt, consol idated-
drained triaxial tests were performed on saturated samples. The effective
confining pressures used ranged from 0.05 kg/cm2 to 3.0 kg/cmz. The
saturation apparatus and procedure is described in the following sections.
Since undrained tests require 100% saturation for accurate pore pressure
measurements, drained’fesfs were used. The pore pressure parameter, B,
was measured at various stages of saturation until a B-value of 95% or
greater was reached. This procedure generally required from 3-7 days of
percolation under a small pressure gradient and high backpressures (see
section 4.3.2). The sample was then subjected to isotropic consolidation

for approximately 24 hours before loading fo failure.
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1}

All tests were performed with the deviator stress approximately
perpendicular to the bedding. The bedding orientation was evidenced by
laminations on most of the trimmed samples (the trimming procedures are
briefly outlined in Appendix 11). Wffh +the deviator stress vertical during
testing, the laminations were measured to range from 5° to 24° off horizontal

with most sample bedding orientations between 5° +o 12°.

4.3.1 Triaxial Test Apparatus

The conventional triaxial cell was used in which cylindrical samples
3" high by 1.4" in diameter are sealed from the cell fluid by double
rubber membranes. A thin layer of silicone lubricant was app!ied between
+he +wo rubber membranes to minimize frictional resistance. A schematic
diagram of the apparatus is shown in figure 21. The fop and bottom drainage
lines are connected to a "tree" containing a calibrated pipette, a
bel lofram reservoir and a Tyco Model AB pore pressure transducer. The
cell pressure is applied through a clear lucite reservoir attached to
the top of the triaxial cell unit. The bottom and top drainage lines are
connected to the saturation system.

The vertical deformation rate was pre-set on the 5 Ton Wykeham
Ferrance Compression Machine through a set of gears. The deformation rate
was checked by a dial gauge during the test. The load was measured by a
beryllium copper diaphragm load cell placed above the loading rod.
Electrical signals from the load cell and pressure transducer were auto-
matically recorded by the Vidar Autodata Eight unit. Data reduction was
carried out by transfering the information onto computing cards and fed

to the main U.B.C. computer.
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4.,3.2 Safurafipn Procedure

In saturating a sample, de-aired water is forced from the bottom
drainage line up through the sample and out the top drainage line. The
bottom drainage is connected to a lucite reservoir containing a rubber
bellofram. The desired air pressure is applied to one side of the bellofram
forcing the water out the other side of the reservoir into the sample.
The rubber bellofram serves fto prevent pressurized air from dissolving
into the water in the reservoir and to prevent air from entering the
sample when the water in the reservoir is drained. The fop drainage
line of the sample is connected to a clear lucite reservoir which holds
the water which has been flushed through the sample. This reservoir is
also pressurized. By controlling the pressures within the bellofram
reservoir and the outflow reservoir, a small pressure gradient could be
applied to the sample and still maintain a high backpressure.

The actual saturating procedure consists of two stages. Since the
sample is essentially dry, the sample is first flushed with water applying
a top pressure of 0.1 kg/cm2 and a base pressure of 0.2 kg/cm2 (pressure
gradient of approximately 13 cm/cm). The cell pressure is maintained
at 0.5 kg/cmz. This procedure forces air out of the top drainage.

The following day, the cell pressure is slowly increased to 4.00 kg/cm2
in small increments simultaneously with the incremental increase of the
top and bottom pressurés to 3.60 and 3.80 kg/cm2 respectiveiy. Each
increment is checked such that the effective confining stress at the top
of the sample is not greater than 0.5 kg/cmzand not less than 0.2 kg/cmz.
The top and bottom pressures are raised in increments which assures that

a pressure gradient of 0.2 kg/cm2 across the sample is not exceeded.
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Flushing is continued at the above pressures until a B-value of 95%

or greater is achieved. The water content of all samples were measured affer
testing and calculations show saturations of essentially 100% (47 - 48%

water confent) were achieved. Invariably a few samples would show
saturations exceeding 100% due to errors in the measurement of sample

volume.

4.3,3 Experimental Procedure

Affer saturation is complete, the top drainage is closed and its
pore pressure monitored. The pore pressure is allowed to reach equilibrium
and then the sample was consolidafedraf the desired effective pressure.

The test then follows the conventional consol idated-drained procedures
outlined by Bishop & Henkel, 1974. The strain rate was selected on the
basis of direct pore pressure measurements under single drainage conditions
(drainage at the top wifh pore pressures monitored at the base of the
sample). A sfrain rate of 0.15"/min. (0.5%/min.) produced no significant
rise in pore pressure within the sample. However since overconsol idated
samples were expected to fail at less than 2% strain, the time fo failure
would only be 4 minutes. Thus, to allow sufficient time to monitor

+he behaviour of the silt, a much slower rate of 0.0006"/min. was
adopted. This resulfeq in a festing Time of approximately 1 hour. Thus,
all overconsolidated samples were tested at 0.0006"/min.

Within the normally consolidated region, sample #3.31 was subjected
+o the same slow rate. Since failure was not reached unti! very large
strains, subsequent normally consolidated samples (#3.34 and 3.35)
were fested at 0.015"/min. to decrease the testing time. It was evident

from the Mohr envelope plot that the increase in strain rate did not
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affect the soil strength (friction angle).

Various effective confining stresses ranging from 0.05 to 3.0 kg/cm2
were used to define the Mohr envelope. The low confining stresses were
employed in an atftempt to determine the cohesion intercept more accurately.
At the lowest effective confining stress of 0.05 kg/cmz, slight fluctuations
in the height of wafer in the drainage pipette due to sample volume
change during shearing would result in significant changes in fthe confining
effective stress (eg. expulsion of 1 cm3 of water would result in an
additional 12 cm. head of water or 0.012 kg/cm2 in the backpressure).
Therefore, a much larger lucite tube (1.0" |.D.) was employed as the
drainage reservoir, sacrificing the volumetric accuracy to attain a
steady effective confining stress. The problem of possible swelling of
the sample at such low confining pressures during flushing and testing
could not be advoided - we can only assume that since the magnitude of
swelling is small (as in consolidation sample #3.33) the strength may

not be too grestly reduced.

4.4 TRIAXIAL TEST: RESULTS & DISCUSSIONS

The results of the eleven triaxial tests are listed in table 111,
Water contents were measured on all samples after failure had been attained.
Calculations confirm that samples were essentially saturated. Invariably,
a few samples showed above 1009 saturation which was at¥ributed to errors
in measurements of sample dimensions. The void ratios of the friaxial
samples ranged from 1.30 to 1.39. As will be seen later, the void ratios
obtained from the oedometer mold is somewhat lower and deemed more

reliable (section 4.8).
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4.4.1 S+ressis+rain Relationships

A few stress-strain relationships are plotted in figures 22 & 23.
Figure 22 presents the stress-strain behaviour of the silt in the over-
consolidated sfress field. As expected, a peak in strength is realized
within this region. Thus the peak stress conditions have been defined
as the failure criferia. Being a drained test, the maximum deviator
stress corresponds to the maximum principal stress ratio criteria. In
all overconsolidated cases, failure had occurred at strains of 1.1%
or less (see table I11). |t should be noted however, fthat excessive
travel of the loading platform of up to 0.7% strain due to improper seating
prior to load build-up within the sample was regarded as zero strain.

This seating problem results from tilted contact of the sample ends with
the loading platforms.

The orientation of the failure planes of the strained samples
ranged from 28° to 32° away from the major principal stress direction
with one exception: at the lowest confining pressure used (0.05 kg/cmz),
the failure mode resembled that of the unconfined compression test of dry
brittle silt - ie. the failure plane was nearly vertical.

Within the normally consolidated stress states, the stress-strain
curves exhibited a rapid rise in stress followed by steadily increasing
strength with rising strain up to the tested range of 35% sfrain (fig. 23).
AT such large sTrains,-+he area correction which assumes the sample deforms
in a right cylinder is in error and the stresses on the failure plane is
ill-defined. Since the stress-strain curves do not level off at reasonable
strains, the failure criteria has been defined as the strength of the
soi! at 20% strain. |In the field, strains of this magnitude would most

likely continue fo failure.



37.

(%3) WIvYlS TviXxy %
of 9T 9z ¥z T¢

1

oz 81 9Y

»l T/ o/ g0 2:0

Jdn\Wwa  \Winy S

~
~
M 3
~
4 N
4 %
~
“fele
: i
1S90 [z .
oz 0 Z2l-¢ X
00 ¥i-¢ —© ALVLS _QBLVAVIOSNIIN3A0 N
EbP°0 €-¢ vV 1TSS SJ00TWWY ‘ SLINSIW  LSEL TIVIRYIN +81
.?..J\.ax ), % O IUAWVS
, QwN3ao3IT

1074 NIVYLAS -SS3A4LS ZZ "'9I4



38.

og 82 92z 44 zz

(£3) WNIVYLS WXV %
oz 2l o i {4 o/ 4 ? v

r4 N 2
b 5S¢ ¢ %
1°7 4 |g¢ —o
T.S\n% % TS
AN3IDIT]

muequ .!34&. .
AqQIste oN D - v

S DN
1S SAOaWYR  Fdod Sins3aYd 1S3l Tvixwial

107d  NIVYLS - SSAULS €77 9\4

Loy

dos



39.

TABLE I11. CONSOLIDATED-DRAINED TRIAXIAL TESTS
Test # Voi(_j 0’3' o’{ + 03' 0"1' + 0’3' Strain at
Ratio oK — — Failure

3,11 1.38 - |1.100 2.429 1.329 0.97%
3.12 1.41 - Jo0.200 1.115 0.915 0.75%
3.13 1.33 8° |0.493 1.660 1.167 1.10%
3.14 1.30 11° 11.000 2.223 1.223 0.81%
3.21 1.38 12° 10.157 1.196 0.955 0.98%
3.22 1.30 24° 10.500 1.421 0.921 1.05%
3.31 1.33 15° 12.990 6.635 3.650 20.00% **
3,34 1.34 17° |1.440 3,324 1.880 20.00% **
3.35 1.34 11° 11.90 4.313 2.409 20.00% **
4.1 1.39 5° 10.051 0.700 0.649 0.90%
4.12 1.36 6° [1.12 2.463 1.343 3.17%
natura! water contents: 7-8%

final water contents:

47-48%, essentially 100% saturation

¥ ol js the angle between the bedding plane and the o, axis direction
** samples 3.31, 3.34 and 3.35 are normally consolidateéd and failure is
defined at 20% strain; all other samples are overconsolidated.
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4.4.2 Volume Changes During Shearing

Changes in sample volume were measured during shearing by recording
the amount of water expelled from the sample into the calibrated pipette.
Within the overconsolidated region, a general decrease in sample volume
occurred up to the point of failure followed by sample dilatantcy
(fig. 24). Samples sheared in the normally consol idated region showed
a decrease in bulk volume with increasing strain with no dilatant

behaviour cbserved (fig. 25).

4.4.% Strength Envelope (P-Q Diagram)

The failure stress conditions are plotted in figures 26 & 27 in
the form of a %(oﬁ - og) versus %(a{ * og) failure envelope. If «£is
the slope angle of the best line drawn through such poinfs, it can be
shown that sin ﬂ,= tan& where ﬁ'is +he effective angle of frictional!
resistance. Similarly, if 'a' is the %(o{ - oé) intercept, then c'=a/cos ¢/
(Lambe & Whitman, 1969). From figure 26, &= 29° and therefore,
ﬂ,= 33.7° within the normally consolidated stress field.

Figure 27 represents the data of the overconsolidated region plotted
to a larger scale. Thus o= 17° and a = 0.58 kg/cmz. Conversion to
Mohr envelope parameters yields ¢,= 17.8° and c' = 0.609 kg/cmz.

The existence of the overconsolidated region is nofeworthy since
the silt is a glacioiaCUs+rine deposit of the last deglaciation, therefore,
the maximum overburden stress will not contain a component due to weight
of overlying ice. Since sampling depth was between 4% to 53 feet and

if we assume that only a few feet of silt had been eroded away, there

would be insufficient overlying material to produce the overconsol idated
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degree of saturation, especially towards the drier states. Lutton (1969)
found a similar behaviour for Vicksburg loess under unconfinned compression.
Also, Holtz & Gibbs (1951) reported a different Mohr envelope exists

for various saturations of the Kansas and Nebraska l|oess.

The stress-strain data shows a peak in strength in all four samples
tested. Thus under the 0.50 kg/cm2 confining pressure, the samples
were considered to be within the overconsolidated stress range.

The increase in strength exhibited by progressively drier samples
may be due to (1) the increase in effective confining siress as a result
of pore water meniscii tension, (2) the increase in interparticle bonding
of clay particles which may be present between silt grains, or (3) a
combination of the above.

For interest, if we assume the total increase in sftrength to be
atfributed to water meniscii tension, the magnitude of the negative
pore water pressures can be calculated from the Mohr failure criteria.

Expressed in terms of principal effective stresses, the criteria is:

17 % 17 %3 , ,
- ————— sin®@ = c'cos &

where d{ and Gé are positive for compression.

In terms of total stresses:

- 03 (G} + 65 - 2w

- sin § = c'cos @
2 2

where u is the pore pressure, being negative in tension.
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Table IK lists the calculated negative pore pressures that would
have to develop within the samples to exhibit the strengths measured.
The pressure deficiency of 15 kg/cm2 for the oven-dried sample is only
an apparent or "effective" value since there is no free water present
within an oven-dried sample. The negative pore pressure of 6.3 kg/cm2
at 4.9% saturation is in the order of magnitude expected for a silf.
Aiftchison and Donald (1956) showed that for ideal spherical particles,
negative pore pressures in the order of 3.5 kg/cm2 can be attained for

silt-sized particles and pressure deficiencies of 30 kg/cm2 can be

easily realized for clays.
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TABLE V. 'Dry' Triaxial Test Data & Results
Test # | Water saturation Calc. U
content B S, o o — |kg/cm
3.22 47.8% 100% 0.5 2.341 1.410 24°% | 0.921| ©
3.71 7.71% 16.1% 0.5 6.192 3.346 5° | 2.846| -4.067
3.72 2.28% 4.9% 0.5 8.134 4.317 10° | 3.817| -6.272
3.73 0.00% 0.0% 0.5 15.048 7.774 3° | 7.274-15.048

All stress values in kg/cm2
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advantage of‘producing e-log P data in a much shorter testing time

(one hour as compared to the 6 days required for incremental load fests).
Also, there is the added advantage of being able to achieve loads much
larger than those possible with the incremental load apparatus. Four
colluvial samples from the Kamloops area were also tested to determine the

degree of structural collapse upon flooding with water (appendix IV).

4.,7.1 Consolidation Apparatus

Two setups were used in the incremental load fest and two in the
strain controlled test. Initially, all consolidation testing was performed
with a 3 inch |. D. consolidation ring and a specially designed base
fitted into a standard triaxial cell. This allowed the sample to be
fiushed with water while maintaining a high backpressure to aid in the
saturation process. Since the assembly is placed within a friaxial cell,
the load was applied through a loading rod, on top of which sits a load
cell. For strain confrolled tests, the load cell was seated against The
rigid frame. For incremental load tests, a rolling bellofram air piston
was attached to the rigid frame and its loading ram ftransfers the constant
load to the triaxial cell loading rod. At large loads, the compression
of the loading rod and load cel! become significant. Thus, the compression
of the apparatus had to be taken into account when computing the sample
deformation. The sysfem compressions (correction curves) are presented
in appendix I1t.

In subsequent tests, since saturation of the sample was not necessary,
a simple, more direct loading setup was adopted. For fhe strain controlled

tests, the loading rod and triaxial cell was ommitted and the consolidation
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ring and porous stones were placed in an open container. With this
arrangement, the compression of the loading rod was eliminated, but

load cell deflection was still encountered. Appendix |ll presents the
corrections due to system compressibility. For the subsequent incremental
load tests, a small simple pneumatic system which was recently designed

at UBC was employed. With this system, 21" diameter samples were used.
System compressibility was essentially negligible and the only extraneous
deflections present are due fto initial seating deflections which are in
the order of 0.003 inches at loads of 450 kg. Thus this simple system
eliminates the need for system compressibility corrections due to load cell

and loading rod deformations.

4.7.2 Saturation Procedure

Two samples were saturated in the friaxial cell apparatus - one
for a strain controlled test and one for an incremental load test. The
saturation procedure is similar to that followed in saturating a triaxial
sample. Cel!l pressures were set at 4.00 kg/cm2 and base drainage pressures
were held at 4.10 kg/cmz. Thus, the de-aired water was pushed from the
bellofram reservoir up the sample info the cell reservoir. Since
B-values could not be measured in this apparatus, the percolation was
continued for an extended period of 30 days in an attempt to insure

saturation of the sample.

4,7.3 Experimental Procedure

in the incremental locad tests, the appl!ied loads were doubled each
24 hours (aP/P = 1) producing 1-day consolidation curves. Increase of

the loads were achieved by increasing the air pressure applied to the
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loading pisfqns. Deformation of the sample was measured by a dial gauge
attached to the air piston's loading rod as referrenced to the fixed
frame. Deflections of the dial gauge were corrected for system compressi-
bility when necessary to obtain the true sample settlements.

The strain controlled consolidation tests were performed following
the outline by Byrne &0aki (1969). The sample within the oedometer mold
is simply strained at a constant rate while the load is being monitored
by a load cell. Thus, high loads can be achieved since we are not limited
by the maximum house-!ine pressures available to the incremental load
test apparatus. For saturated samples,the choice of strain rates is
generally determined by Iimiting the pore pressure build-up within the
samples to 5-10% of the load. In the case of the highly permeable silft,

a strain rate of 0.003 inches/min. produced an insignificant rise in
pore pressure within the saturated sample. This strain rate was adopted

for most of the strain controlled testing.

4.8 Consolidation Test Results and Discussion

Both incremental load and strain controlled consolidation tests
are listed in table V. The colluvial tests which were performed at a
later date are iisted in appendix IV.

Void ratios of the lacustrine silt ranged from 1.26 fo 1.30 with an
average of 1.28. Alf void ratios were calculated before testing by
measuring the total sample weight, dimensions within fthe mold and the
water content of the side trimmings of the sample. Recall that the void
ratios calculated from triaxial samples were slightly higher due to
errors in measuring the sample dimensions. However, with the consolidation

ring, the dimensions could be measured accurately by measuring the
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TABLE V. 'CONSCLIDATION' TESTS OF KAMLOOPS SILT

Test # Description Sample Strain e w% LY
. o
Diam. Rate
3.32 saturated 3.0" 0.003"/min. | 1.260 43.1% 100.09%
3.33 saturated 3.0" incr. load 1.279 36.0% 99.7%
3.41 dry, rebounded,| 3.0" dry:0.015 1.273 | 40.0% | 86.8%
f looded flooded:
0.003"/min.
3.42 flooded @ 3.0" 0.003"/min.| 1.291 - -~
0.121 kg/cm
3.43 flooded @ 3.0" 0.003"/min.| 1.283 46.2% 99.8%
0.329 kg/cm
3.44 dry 3.0" 0.003"/min.| 1.306 2.97% 6.3%
3.45 dry 3.0" 0.00011 1.281 2.449 5.3%
in./min.
3.51 moist 3.0" 0.003"/min.| 1.301 22.8% 48.6%
3.62 dry 2.5" incr. load 1.277 | 7.15% 15.3%
3.R1 remclded,dry, 2.5" incr. load 1.141 1.70% Si= 4.19%
flooded @ 5 Sf=87.8%
6.786 kg/cm
3.64 flooded @ 2.5" incr. load 1.274 | 36.6% | 92.3%
0.890 kg/cm
3.66 flooded € 2.5" incr. load 1.269 36.19% 93.89%
0.845 kg/cm
3.67 dry 2.5" 0.003"/min. ] 1.263 6.54% 14,3%
3.R2 flocded @ 2.5" incr. load 1.137 32.9% 94.2%
0.889 kg/cm
3.71 flooded with 2.5" incr. load 1.208 - -
0.0IM HCH




56.

TABLE VI. RESULTS OF THE CONSOLIDATION TESTS
Test # Description "max. P " Compression
2 P I ndex, CC
kg/cm

3.62 undisturbed, dry, S=15.3% 14 -
3.R1 remolded, dry 13 - 5
3.64 flooded with water 5.9 0.303 .g
2.66 flooded with chemical 4.5 0.271 E

solution @

&
3.33 saturated with water 3.7 0.275 §
3.R2 remclded, flooded 2.1 0.151 B
3.71 flooded with 0.01M HCI 2.4 0.222
3.45 undisturbed, dry, S5=5.3% 26 -
3.44 undisturbed, dry, S$=6.3% 26 -
3.67 undistrubed,dry, S=14.3% 13 0.240 E
3.41 dry, S=14.4% 12 0.240 ;_?
3.51 moist, S$=48.6% 7.8 0.189 §
3.43 flooded, $=99.8% 6.2 0.215 'g
3.33 saturated, S5=100% 6.3 0.252 2
3.42 flooded, .5=7 5.6 0.225
Gv v wy P owul YLD Ul s DB Al presellled 11 1iyulre JU.  £acn
curve will be discussed separately.

tests

tests
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1. Sample af natural water content (#3.62)
At the water content of 7.2%, the silt behaves as a highly incompressible
soil with the 'effective maximum past pressure'1 of 14 kg/cmz. Upon
rebound to 6.67 kg/cmz, flooding of the sample with drinking water
resulted in an additional 3.2% ( Ae/eo) decrease in bulk volume. The

majority of the collapse occurred within the first hour (fig. 31).

2. Flooded sample (#3.64)

Sample 3.64 was consolidated to 0.89 kg/cm2 and then flooded with
de-aired drinking water. Upon flooding, no additional settlement occurred.
Further consolidation in its flooded state resulted in a much lower
maximum past pressure fthan that for the dry sample (4.5 kg/cm2 as

compared fto 14 kg/cm2 for the sample consolidated at natural water content.

3. Saturated Sampie (3.33)

The saturation procedure was described in section 4.7.2 The maximum
past pressure is 3.7 kg/cm2 and the virgin slope (CC) is steeper than that
of the flooded sample.

Since the sample was saturated, the pore pressure dissipation could

1. Although the term 'maximum past pressure' or hmaximum preconsolidation
pressure' is used in the text, the term is used only to denote the
limiting pressure, beyond which deformations increase considerably
(ie. the transition to 'virgin' compression). This particular
pressure value cannot be considered to be a frue preconsolidation
pressure because it varies with the degree of saturation and with
the type of liquid saturating the soil. Furthermore, the ability
of the soil to support loads at stresses below this limiting value
may not be due to past stress history, but is most likely due to
some type of intergranular bonding such as cementation, clay bridging
or caplllary tension.
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be monitored ,along with the settlement upon application of each load
increment. With each load increment, at least 50% of the settlement
occured within the first 15 seconds. The settiement versus log-time
curves (fig. 32) are slightly concave up at the start and are very near
to being linear fowards the end of each increment. This implies that

a large portion of the seftlement is due to secondary conso!idation.
Figure 33 compares the pore pressure at the base of the sample (drainage
at the top only) to the measured compression for a given load increment.
After 5 minutes, pore pressures have essentially fully dissipated but
the seftlements continue at almost a constant rate (on a log-time plot).
Therefore, at standard load increments ( &aP/P=1), creep behaviour constitutes
a substantial role in the consolidation characteristic of the wetted

silt.

4. Flooded with simulated septic tank effluent (#3.66)

In some soils, the collapse behaviour is dependent on whether the
soil is flooded with drinking water, sewage water or an acidic solution.
(Reginatto & Ferrero, 1973). Since leakages from septic tanks could be
a concern, the collapse characteristics of the silt is determined by a
simulated septic tank effluent. Typical septic tank effluent from Kal
Terrace, Vernon, B.C. in 1972 were reproduced in a chemical solution
for its exchangeable.ca+ion concentrations. Since no septic tank chemical
ranalysis were readily available from the Kamloops area, it was assumed that
the concentrations obtained from Kal Terrace were in the order of magnitude

expected in the Kamloops region.
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The exchangeable cations and their concentrations are:

lon: Ca Mg K Na
Concentration (ppm): 71 36 15 68

The pH of the effluent was also duplicated as 7.8.

Figure 34 shows that the consolidation behaviour is not grossly
different tc that of the samples flooded with just drinking water from
Vancouver, although a slight decrease in maximum past pressure is noted.
However, the possiblifty of further settlements on a much longer time scale
than that realized in the laboratory must be borne in mind. Also, it
should be noted that effects due to chemicals and organic matter not

duplicated in the chemical solution are not known.

5. Flooded with 0.01M HCI (#3.71)

I+ was noted that a drop of 0.5M HC! produced a strong reaction on
the silt (appendix I1). Thus, a consolidation test was carried out with
a strong solution of HCI (0.01M). The resultant consolidation curve
exhibited a more compressible behaviour than tThe sampies flooded with
drinking water. The maximum past pressure was 2.4 kg/cm2 as compared

to 4.5 kg/cm2 for the silt flooded with domestic water.

6. Air-dried Remolded sample (#3.R1)

The remolded sample was formed by mixing the silt with distilled
water tfo form a slurry. The slurry was then allowed fo dry in the constant
temperature laboratory environment for 30 days. The remolded sample was

initially conceived as an attempt to re-duplicate the lacustrine silt's
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properties. However, from figure 30, we see that the behaviour of the
undisturbed lacustrine silt and the remolded sample at the same water
content does differ. The remolded sample with its saturation of 4.1%
exhibits a maximum past pressure of 13 kg/cm2 while a lacustrine silt
tested at a similar saturation (5.3%) has a much higher maximum past
pressure of approximately 26 kg/cmz.

Since the void ratio of the undisfurbed Kamloops silt is 1.28
while tThe void ratio of the remolded sample is 1.14, the consolidation
curves have all been normalized (e/eo) in an aTtempt To account for
differences in the shapes of the consolidation curves due to differences

in initial void ratios.

7. Flocded Remolded Sample (#3.R2)

In the flooded state, the maximum past pressure of the remolded
sample is 2.1 kg/cm2 with CC=O.151 which is similar to that of the sample
flooded with HCI. This similarity suggests that the same type of bonding
(eg. calcium carbonate) destroyed by the HCl was also destroyed by remolding

the silt and that this bonding was not recovered upon drying.
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4.8.2 Strain Controlled Consolidation - Results & Discussions

Eight constant strain rate consolidation tests were performed at
various degrees of saturation:

1. laboratory air-dried state (#3.44 & #3.35)

2. at natural water content (#3.41 & #3.67)

3. at moist conditions, w% = 23% (#3.51)

4. flooded state (#3.42 & #3.43)

5. saturated state (#3.32)

Figure 34 presents the data in an e/eO versus log p plot. Table VI
{pg. 56 ) summarizes the 'maximum past pressures' and 'CC' of the

consolidation tests.

1. Air-dried state (#3.44, #3.45)

Samples #3.44 and #3.45 were consolidated at different strain rates
(0.003"/min. and 0.00011"/min. respectively) in an attempt to determine
the effect of strain rate on the shape of the consolidation curves. From
figure 34, it is evident that the two consolidation curves diverge at
higher stresses, but it is believed that a farge part of this diffeirence
in consolidation characteristic is due to the slight difference in water

content of the samples rather than due to strain rate effects.

2. At natural water content (#3.41, #3.67)

The slight increase in water content from the air-dried state
(water content of approximately 3%) to the natural water content

(approximately 6.5%) produced a marked decrease in the maximum past
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pressure of the silt. The maximum past pressure decreased from 26 kg/cm2

to 13 kg/cmz.

3. Moist state (#3.51)

The water content of 23% of the moist sample was obtained by placing
the Trimmed sample between two wetted porous stones. The water within
the porous stones were absorbed by the silt and distributed uniformly
throughout the sample by allowing the silt to stand for two days within
the triaxial cell. The test result indicates a further decrease in
maximum past pressure as a consequence of increasing the water content

of the silt.

4. Flooded states (#3.42, #3.43)

With a constant seating load, the soi!l response on flooding was
noted by the swelling tendencies of the sample at low confining stresses
(0.2 kg/cm2) and slight collapse at higher seating pressures of 0.8 kg/cmz.
With a strain confrolled test, a small seating load is appliied to the
sample and swelling is prevented by confining the soil between rigid
loading platforms. Upon flooding, the response of the sample can be
monitored by the heave pressures measured by the load cell. Figure 35
presents the stress response of the soil with time after flooding of the
sample. Initially, +Here is a slight rapid drop in pressure followed by
a rapid pressure increase. The initial drop is possible due to the large
inward gradient produced upon flooding. The build-up in pressure may be
a result of the destruction of capillary tension and the swelling of

tThe montmoriltonite within the silt.
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The congolidation curves of the flooded samples from the strain
controlled test closely approximates the curves obtained from the incre-

mental load tesTs of flooded samples.

5. Saturated state (#3.32)
The saturation procedure of this sample has been described in
section 4.7.2. The resultant data shows |ifttle difference in consclidation
behavicur between a flooded and saturated sample. Thus it is possible
that the slightly higher compressibility of the saturated sample tested
in the incremental load procedure is due to a combination of structural
disturbance due to initisl sample swell and the shock disturbance by
sudden pore pressure increases at the beginning of each load increment

(Crawford, 1964).

4.8.3 Discussion of Combined Resul*ts

Figure 36 plots the incremental load data and strain controlled
consolidation data onto one graph. The void ratios have all been
normalized tfo minimize the effects of variances in initial void ratios.
Furthermore, all curves are shifted to the same reference point where the
normalized void ratic is unity at fthe field overburden pressure. Since
the samples were obtained from a depth of approximately 5 feet, the
normalized void rafias of all samples should be unity at 0.2 kg/cm2
of overburden pressure. This shifting of all the curves accounts for
errors in defining the initial seating position of the samples.

Figure 36 clearly reveals the effect of water content on the compression

characteristics of fthe silt. The silt is highly sensitive to changes in
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moisture content - especially at low degrees of saturaftion. In the air-
dried state of 5.3% saturation, the maximum past pressure is exfremely

high (26 kg/cm2). In the flooded and saturated states, the preconsolidation
pressure drops to approximately 6 kg/cmz. Samples which are structurally
altered by remolding or by ponding with 0.01M HCI exhibits maximum

past pressures of 2.1 and 2.4 kg/cm2 respectively.

Upon wetting by ponding of the relatively dry soil, at high seating
loads, a decrease in bulk volume results. The decrease in bulk volume
does not follow the classical consolidation theories but instead involves
a collapse of intergranular structure which can occur in a brief period
of time. The following terms have been applied To this behaviour:
col lapse, collapsing soil, near surface subsidence, subsidence, hydro-
compaction, and hydroconsolidation (Dudley, 1970).

Further discussion of the collapse behaviour of the Kamloops silft
is presented in the following chapter along with a brief literature

review.
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CHAPTER 5

STRUCTURAL INSTABILITY OF THE KAMLOOPS SILT

5.1 LITERATURE REVIEW ON COLLAPSIBLE SOILS

5.1.1 Collapsible Soils

Collapsibie soils have been found in various forms throughout the
world. In general, they have been located in arid regions and due to
the increasing utilization of these areas in recent years there has
been a growing awareness of the problem.

The types of soils that display a collapsing behaviour vary tremen-
dously. They can be air deposited, water deposited, residual or man
made and generally consist of silt and fine sand forming a loose open
structure. In many cases, the soil deposit will collapse under its
own weight when saturated. This condition has been termed "truly
col lapsible™ by Reginaftfto & Ferrero (1973). Other soils will exhibif
collapse upon wefting only when sufficiently high stresses are applied
to the soil structure. These have been termed "conditionally collapsible”
since the externally appiied pressure level governs whether collapse

will occur or not.

5.1.2 Collapse Mechanisms

The mechanisms involved in the collapse phenomena have been sum-
marized by Dudley (1970). The basic concept is that of open structure

of bulky shaped grains held together by some bonding material or force.
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This bonding.musf be susceptible to removal or reduction by the intro-
duction of additional water, allowing the grains to slide into the vacant
spaces.

The three commonly proposed mechanisms were summarized by

Dudley (1970):

1. Capillary Tension

In many cases, tThis temporary strength is due fo capillary fension
within the partially saturated soil. Generally, the soil gains strength
until a certain saturation is reached and saturations exceeding this
optimal value results in a decrease in soil strength. For silt and fine
sand, The peak effective stress value usually exists at moisture contents
less than saturation and above 10% moisture (Aitchison & Donald, 1956).
When the soil is flooded to near saturation, the capillary tensions are
decreased or destroyed, thus reducing the effective stress which reduces
the intergranular shear strength, thus allowing the grains to collapse

info a more stable arrangement (Moore & Millar, 1971).

2. Clay Coatings and Clay Buttresses

With large particles, the bulk of the intergranular forces may
consist of capillary forces. The magnitude of the capillary forces
increases with decreasing particle size. However, for clay sized particles,
the forces of repulsion, Van der Waals and molecular atfraction become
much more significant. Thus, with more and more clay particles present
in The soil, the effect of capillary forces may become proportionally

less as the electro-chemical forces become relatively more prominent.
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A numbeﬁ of possible 5+ruc+uralharrangemen+s become possible,
depending on the geologic origins and history of the soil. When the
clay is formed by weathering in place (by authigenesis), a thin clay
coating may exist arcund the individual silt grains. Under dessicated
conditions, this structure could have considerable stability; but with
the addition of water, the clay plates may ftend to swell and separate
to some extent, thereby producing a loss of strength.

An alternate structural arrangement could be formed if the clay
particles were originally suspended in water. As the deposits dried, the
clay plates are drawn into the interparticle contact area of the larger
grains. The evaporation process would concentrate the dissolved ions
in the fluid causing the clay plates to flocculate into a buftress
arrangement. Upon the addition of water, the ion concentration would
decrease causing an increase in repulsive force between the clay plates
resulting in a decrease of intergranular support.

As the grain sizes decrease into the smaller clay sizes, the capillary
forces contribute a lesser portion of the total forces present as the
electro-chemical forces increase in magnitude. However, capiltarity
between clay plafes would still be important (Dudley, 1970). Barden,
McGown & Collins (1973) also stress the difficulty of distinguishing
between the portion of the strength due to capillary forces and that
due to clay interparticie bonds:

"There are clearly many possible variations in
+he structural arrangement of the clay plates between
the quartz grains. The nature of the clay bonding is
complicated, and it is never clear how much is due
to electro-chemical effects and how much o capillary
effects. The important point is that in most cases

the lower the water content of the clay the greater
the bond strength.™ p. 51.




