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gravel to the approximate slope of 2:1 is also feasible.
However, with the secuond alternate method larre guantities of
gravel may make the method t0o costly.

#ith the partial stabiligation, a re aliznment of the
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14 HAAS ROAD
REXDALE, TORONTO, ONT.
HEAD OFFICE TEL. CH. 4-.8641
180 VALLEE ST.. MONTREAL 18, GUEBEC

TELEPHONE UN. €-7832 1428 WEST PENDER ST,

VANCOUVER 5, B.C.
TEL. MU, 1-882€

Rexdale, Ontario,
May 29th, 1959.

Department of Highwars, Ontario,
Parliament Buildings,

= : e 2B
Toronto 5, Ontarie. Lot el A

» E— M
Attention: Mr. L.CG. Secderman, P. Eng.,

Principal Soils and Foundation Encineer.

Re: Seil Investigation and Stability uadysis,
Highway 3,
New Sarum. Ontario.

Bear Sirs:

This letter accompanies ocur detailed report covering the
soil investigation and stability znalysis of the existing river slope
of Catfish Creek near Highway 3, New Sarum, Ontario.

The site was found to be covered by up to 44 fest of stiff
clay underlain by dense glacial till.

It is considersad that the observed instability in the slope
is due to shallow surface slides occurring annually following spring
thaw conditions. It is computed that the slides are caused by a pro~-
gressive deterioration in cohesion within the upper clay. This

deterioration, due to increase in water content, is accelerated by
frost action.

Remedial measures to stabilize the slope are given in detaii
in the report.

We feel that this report presents the most practical method
of stabilizing the slope at this present time. It is recormmended that
periodic measurements be taken in order to determine the degree ol in-
stabilicy of the slopes adjacent to the area investigated. If we can
be of any further service, we would be pleased if you would call us.

Yours very truly,

GEOCON LTD

VM/dw V. Milli%an, /P. Eng
56913 District Engineer.

ST. JOHN'S HALIFAX MONTREZAL TORONTO VANCOUVER
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INTRODUCTION

Geocon Ltd has been retained by the Department of Highways,
Ontario under the terms of our proposal dated April l4th, 1959 and
accepted April 30th, 1959 to determine the soil conditions in the.
immediate vicinity of Stations 116+00 to 123+00 on Highway 3 just east
of New Sarum, Ontario and to conduct an encineering study of the s}ope
in this area. The purpose of the study has been to investizate evi-
dence of instability in the natural slope extending from the side of
the higbway down to Catfish Creek, to evaluate the overall stability

of the slope as it affects the safety of the highway, and to recommend

remedial measures.

The results of the study are discussed below, together with
recormended remedial measures. The procedures followed in the field
investigation, a description of the site and its geoclogy, a detailed -
description of the soil conditiens, and logs of the boreholes are
presented in Appendix I. Supporting figures and drawings will be
found in Appendix II and in the pocket at the rear of this report.

SUMMARTZED SOIL CONDITIONS

The site is generally covered with a thin veneer of clayey
topsoil, followed by up to 42 feet of stiff brown to grey silty clay
with traces of sand and gravel. The clay is apparently heavily over-
consolidated throughout its depth. In the eastern section of the
site, a layer of sand up to 9 feet thick was encountered in the upper
portion of the clay stratum, but the layer was found to be thinner
towards the west and disappeared in the vicinity of Station 121+00.

The clay is underlain by a stratum of vervy dense sandy glacial till.

| GEOCON




BISCUSSION 2.

Ceneral

The slope under consideration extends generally northward
from Highway 3 te Catfish Creck, which is 60 to 70 feet below the
Jevel of the road. It forms part of one wall of the valley which
has been produced as a result of down cutting and lateral erosion by
the creck. The inclination of the slope is renerally about 26

degrees, except at the western end of the site where it is of the

order of 23 degrees.

The surface of most sections of the slope is clearly
unstable as indicated by the tilting of trees and telephone poles,
river erosion at the toe of the slope, and the scars of surface
s” sughing. Jdccordine te local information, the time of instability
in the siope is alwavs confined to the reried immediately following
the spring thaw. During this period sach vear shects of clay approxi-
mately 2 to 3 feet thick apparently slide off the surface of some
parts of the slope; this tvpe of movement was observed at the time of
the field investigation. aAccording to cne long time resident of the
area, the slope in the vicinity of Station 11900 has thus pregreszsi-
vely moved back towards the highway for about 20 feet in the past 10

vears.

Causes of Instability

The causes of the observed instability are indicated by the
results of an analysis eof the stability of the slope arainst shallow
surface slides. The analysis was carried out for three representative
slope angles, and was based on the effective stress shear strength
parameters measured for the clay. The latter were determined by means
of conselidated undrained triaxial tests with pore pressure measurements;

i .
the angle of shearing resistance, ¢ ; was found to be 26 depgrees with
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DISCUSSION (continued) , 3.

Causes_of Instahility {continued)

. '
a cohesion, C , of 200 pounds per square foot. The Mohr circle

diagram from which these values were deduced is shown as Figure 3
of Appendix IXI,

The results of the stability analysis, which are summarized
graphically on Drawing $6913-2 in the pocket at the rear of this
report, show that the most unstable condition for any slope is when
the free water surface is coincident with the surface of the slope.
This corresponds to conditions at the time of spring thaw when the
combination of snow melt, low permeability, and high precipitation

saturates the upper portion of the slope, forming what is in effect
a perched water table.

However, even for slope angles of 30 degrees, the cohesion
required to maintain stability in the upper 3 to 5 feet of the slope
is considerably less than the 200 pounds per square foot measured in
the laboratory. Therefore, in view of the observed instability of
the slope, it is considered that a loss of shear strength is occurring
in the unstable zone. Such a loss of strength is indicated by the
results of the vane shear tests in borehole 3 which are plotted on the
QOffice Report in Appendix I. These show the average undrained shear

strength in the uppar 5 feet to be about one third of the average
from S to 10 feet.

The reduction in shear strength of the clay is probably a
direct result of the gradual dissipation of the cohesion due to
fissuring and an increase in water content. This process is un-
doubtedly accelerated in the upper 3 feet of the clay by the foramtion
of ice lenses as a result of frost action in the winter. Examination
of the sliding surfaces of several small siips which occurred during

the course of the field investigation revealed thin ice lenses in the
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DISCUSSION {(continued) 4,

Causes of Instabilitv {continued)

bedding planes of the clay and extensive fissuring, Thus, on the basis
]
of the analysis, it would appear that the cchesion, C , is being

decreased to a value of about 50 pounds per square foot or less.

Although the major causes of instability in the slope are
considered to Le as outiined above, observations at the site indicate
that a significant contributing factor to instability is the erosion
of its banks by Catfish Creek. During the field investigation, it was
observed that one fairly extensive slip was preceeded by minor slumps
of the bank at the toe of the slope due to undercutting by the stream.
It is also significant to note that the portion of the slope at the west
end of the area under conside:ation, where bank erosion has been con-

trolled by a revetment, is relatively stable.

Due to the steepness and height of the slope an analysis of
its stability against a deep-seated failure along a circular arc was
also carried out, although no evidence of this type of failure was
observed in the area. It was computed that the factor of safety against
such a failure under conditions of complete saturation of the slope is

greater than 1.3, which is satisfactory.

Renmedial Measures

The genera?! measures recormended for stabilizing the slope
are to prevent further erosicn by the creek and to maintain the shear
strength of the clay by controlling seepage of water in the slope and

by providing frost protection.

The slope from about station 116 to station 121 should be
stripped of topscil, graded, and trimmed to a maximum inclination of

2 horizontal to 1 vertical. Counterfort trenches should then be

| GEOCON|




DISCUSSION (continucd) 5.

Remedial Measures (continued)

excavated at 50 feet intervals along the entire slope to a depth of
about © feet. Near the head of the slope, at about clevation 740,

a 6 feet deep header trench should be excavated paralleling the
highway from station 116 to station 124. This trench should intercept
the counterfort trenches and shouid be graded in order to promote
drainage te them. The interceptor trench and counterforts should be
of a practical working width of about 3 feet and should be backfilled
with coarse sand and gravel. It is recommended that sand and gravel
be well graded, and such that at least 15 percent sizes are greater

than 3 inches in diameter and not more than 10 percent sizes pass a
Ne. 40 siave,

The portions of the slope which have been stripped, trimmed,
and graded =hould be provided with a 3 feet thick protective blanket
of coarse gravel for frost protection and to facilitate surface
drainage. It is also suggested that gutters be constructed along the
north side of the highwsy in order to prevent excess runoff water

from entering the slope above the interceptor trench.

In order to prevent further erosion of the creek bank in the
unstable srea, it will be necessary to construct a revetment from the
end of the existing one to a point approximately opposite station 115.
It is suggested that the revetment should be composed of vock £i711 not
Jess than 1 foot in least diameter and should be placed on a slope of
1% to 1. It should be about 4 feet in thickness and extend -+ least
10 f2ct above the creeck bed. Before placing the rock fill the slope
bank should be trirmed and a 2 foot thick coarse sand and gravel filter
placed to prevent migration of the bank material through the rock fill,
The grading of the filter material should be similar to that recommended
above for the trench backfills.

|GEOCON |




DISCUSSION {continued) 5

Remedial Mcasures {continued)

As noted above, stripping and grading of the slope west of
station 121 has not been recommended, although recommendations have
been made for establishing interceptor drain and counterforts as in
the remainder of the slope. Due to the milder slopes and relative
stability of this area, it is considered that the latter measures
will be sufficient to correct the minor degree of instability observed.
However, it is recommended that periodic checks be made of the perfor-

wmance of this area, and if warranted, that additional remedial measures

along the lines discussed above be taken.

CONCIUSIONS AND RECOMEDATIONS

1. The site was found to be underlain by up to 44 feet
of stiff brown to grev silty clay with traces of sand and gravel,

followed by very dense glacial till.

2. The observed instability in the slope was concluded
to be due to shallow surface slides in the clay which occur annually

following the spring thaw.

3. aAnalysis indicated that the slides are caused by a
progressive deterioration of the shear strength of the clay due to

increasing water content and fissuring accelerated by frost action.

4. It was observed that the instability of the slope is
ageravated by the erosive action of Catfish Creek at the toe of the
slope.

5. Remadial measures to stabilize the slope are discussed
in the report. Thesc invelve the control of erosion by the creek,

control of groundwater, and frost vrotection for the slope.
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‘. PERSONNEL 7.

The field work for this investigation was carried out under
the supervision of Mr. R. Sorokoski. The report was written by Messrs.
A. Gass and ¥. Milligan, and reviewed by Mr. M.A.J. Matich.

W/dw
S6913
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Procedure

Site and Geology
Scil Conditions
Water Conditions

Office Reports on Seil Exploration
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PROCEDURE

The field work was carried out between March 25th, 1959 and
April 8th, 1959 inclusive. Three boreholes, with adjacent dvnamic
penstration tests were put down in BX size using a standard skid-
mounted machine drillrig. Three hand auger holes were alse put down

and vane shear testing was carried ocut in one of the boreholss.

Drawings 56913-1 and S56913-2 located in the pocket at the
rear of this report show the lecation of the boreholes and auger holes
together with the inferred soil stratigraphy and results of stability
analyses carried out on the slope. 4 det=il:i log of each boring is

given on the Office Reports on Soil Exploratior in this Appendix.

The laboratory testing was carried out in the Soil Mechanics
Laboratory of Jeocon Ltd in Toronto. The results are plotted o the
0ffice Reports on Soil Exploration in this Appendix and cn Figure 1 in
Appendix II. The samples romaining after testing will be stored until
November 1st, 1959 and will then be discarded ualess instructions to

the contrary are received.

Elevations are referred to Geodetic Datum and were obtained
from bench mark ¥o. 11 with elevation 756.32 located 30,45 feet north
of Station 136+41.59 of existing Highway 3, as shown on Department of
Highways, Ontario. Profile No. C-820.

SITE AND COBEQLOGY

The site is located along existing Highway 3 jusz east of
New Sarum on lot 21, Concession 9, in the Township of Yarmouth, County
of Elgin. The investigated area includes the north bank of Catfish
Creek and existing Highway 3 between approximate chainages 115+00 and
122+00, Ground elevations at the site vary from gbout 687 at cresk
level to 760 at road surface.

GECCON




. SITE AND NEOLOGY (continued) 1.

From available geological information, it is known that the
site is overlain by sands, silts, and clays deposited as a major delta
in glacial lakes Whittlesly and Warren. These deposits are underlain
by glacial drift and in recent years have been incised 7% to 100 feet
by rivers forming deep meandering river valleys. The glacial drift is
reported to be underlain by Devorian bedrock of the Yorfolk formation.

The principal soil strata encountered by the borings are as
follows:

Dark grey clayey topsoil was encountered in all borings te
a maximum depth of one foot. The topsoil contains roots, silt,

sand and some gravel sises up to 2 inches in diameter. Brick
G fragments were encountered within the tupsoil at auger holes 4
and 3,

Brown te Orey Silty Clay

Underiying the topsoll is a stratum of brown to grey silty
clay with traces of sand and gravel. The top of the stratum is
at about elevaition 760 and its bottom is a®t about elevation 718,
Thus, its maxirum thickness is about 42 feet, making it the major
component of the slope. The colsur of the clay grades from brown
in the upper weathered portion to grey with depth. It has a hori-
sontally bedded structure, and is generally fissured in the upper
5 feet., The fissuring is most pronounced in the upper 3 feet,

| GEOCON




’ S7EL CONDITIONS (continued) IIX.

Brown _to Grev Siltv Clav {continued)

The liguid 1limit of the material ranges from a high of 48 in
the weathered zone to a Jow of 31 with depth; with an average of
36. Plastic limits range from 23 to 15 with an averape of 19, and
the averace plasticity index is 17. The water content ranges from
22 percent to 39 percent in the upper 5 feet with an average of 28
percent.  3elow this depth, throughout the remainder of the stratum,
the average water content is 16 percent within the very narrow
range of plus or minus 1 percent. On the basis of these index
properties it can be concluded that the silty clay has been
heavily overconsolidated.

The undrained compressive strengths of the clay range from a
low of 1.4 tons per square foot in the upper 5 faet of the stratum
to a high of 6.4 tons per square foot with depth, It is signifi-

‘ cant to note that in situ vane shear tests carried ocut in borehole
3 indicated an aver-ge shear strength of less than 0.5 tons per
square foot in the upper 3 feet of the st.atum, with a marked
change to an average of about 1.4 tons per square foot between
the depths of 5 and 10 feet. On the basis of the undrained
strength, the consistency of the silty clay ranges from firm to
hard, and is generally stiff. The results of the triaxial testing
and vane testing are plotted on the Office Reports in this
Appendix,

A series of consolidated undrained triaxial tests were
carried out with measurement of pore pressures. The results
are plotted on a Mohr circle diagram given as Figure 1 in
Appendix II, and show that, in terms of effective stress, the
c¢lay has an angle of shearing resistance, ¢', equal to 26

degrees, and a cohesion of 0.1 tons per square foot.
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SQIL CONBITIONS (continued) Iv.

Brown to Crey Silty Clay (continued)

The wet unit weights measured for the clay ranged from 114

to 142 pounds per cubic foot with an average of 130 pounds per
cubic foot.

Brown Stratified Sand

In borehole 1 and auger holes 4 and 5 a laver of brown
stratified sand was cncountercd 6 to 9 feet below ground level,
It was not encountered in auger hole 6. The thickness of the
layer varied from a maxirum of 9 feet in borehole 1 to a minimum
of 4 feet in auger hole 4. ¥From the results of the boreholes and
ocbservations aleng the crest of the slope, it is considered that

the sand layer disappears in the vicinity of station 121+00,

The layver is generally stratified with the stratificaticons
ranging from a 2 inch sandy silt layer at the top to a 6 inch
thick coarse sand layer at the bottom. Two "N' values of 8 and
46 were obtained in the laver indicating that its relative density
is loose to dense,

It is signficant te note that no groundwater or indications
of seepage within this laver were observed during the course of
the investigation.

Crey Sandy Till

Underlying the silty clay is a stratum of grey sandy till,
The till stratum encountered at about elevation 718 by all
borings was penetrated for 16 feet by borehole 1. Difficulty
in sampling was experienced in this stratum because of the very
dense relative density. However, samples obtained at the top
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SOIL CONDITIONS {continued) V.

Crey Sandy Till {continued)

of the stratum show the till to be generally comprised of silty
sand and gravel with some clay. A boulder about 10 inches in
diameter was encountered at the surface of the stratum at
borehole 1 and a subangular fragment of limestone about 2 inches
in size was sampled at a lower depth.

Standard penetration resistance or *N® values of over 100
blows for © inches obtained in the stratum indicate that the
relative density of the sandy till is very dense.

WATER CONDITIQNS

During the course of the investigation, observation pipes
were installed in the boreholes and groundwater level readings were
taken. In borsholes 2 and 3 located along the creek bank, ground-
water level was at about 9.5 and 4.8 feet below ground level res-
pectively., DBorehcle 1 and auger holes 4 and 5 were dry, while in
auger hole & the groundwater level was encountered 10 inches below
ground level, probably due ¢o surface water seepage. Water level in

Catfish Creek during the investigation was at about elevation 687,
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EXPLANATION OF THE FORM
"OFFICE REPORT ON SOIL EXPLORATION"

of this form is to enable a comprehensive study of the soil fo be made by combining on one sheet all of the
information obtained from the boring. An explanation of the various columns of

The object

the report foliows.

ELEVATION AND DEPTH

This column gives the elevation and depth of boundaries between the various soil strata. The elevation

is referred to the
detum shown in the generai heading.

WATER CONDITIONS

in this column the water level in the casing at the fime of boring or the water 1able in the ground, determined by a seriea

of observations in a piwzometer or standpipe, iz indicated %o scale by a horizontal line with the symbol W.L. or W.T. above
the line. A notation of sny complicated groundwater conditions will be made in this column.

DESCRIPTION

A description of the soil, using standard terminology, is contained in this column.

The consistency of cohesive soils and
the relative density of noncohesive soils are described by the following terms:

Consistency U-Strength Relative Density Standard Penetration
Jons/sq. . Resistance. Blows/ft.

Very soft 0.03 to 0.25 Very loose 0 to 4

Sofz 3.25 o0 0.5 toose 4 to 10

Frm 0.5 to 1.0 Compact 10 10 30

Seiff 0 1w 20 Dense 30 to 50

Very suff 20 e 48 Very dense over 50

Hard over 4.0

STRATIGRAPHIC PLOT

The stratigraphic plot follows the srandard symbols of the National Research Council, Canada.

ELEVATION SCALE

The information in ail columns is plotted to a true elevation scale which is shown in this column.

GRAPHS

The mein body of the report forms a graph which is used 1o plot to correct elevation the important soil properties which are
cbrained through field snd laboratory tests. The scales and symbeols for the plotting are shown at the head of the column.

OTHER TESTS

in vhis column are shown, by symbol, the other field or laboratory tests which have been performed on the scil and for

which the results have not been plotted on the zbove graph.

SAMPLES

The fust three columns describe the zondition, type and number of each sample obtained from the boring. The location and

exten! of esch sample is plotted to scale.

in the last column is shown the penetration resistance in blows of 4200 inch-pounds required to drive one foot of the sampler
. R "
inio the ground. When a 2 inch Drive Sampler is used the result obtained is termed the “Standard Penetration Resistance”.
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