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January 30th, 1963,

Department of Highways, Ontaric,
saterials and Research Section,
Lbownsview, Ontario.

Attention: Mr. A. G. Stermac, P. EZng.,
Piincipal Foundation EBngineer.

- - - . " cqos i3 ;
Re: So0il Comditicis 237 Slone Stability, ,sz ég“é&’z

dimhway Lo, 17, Cleilen 183H0C,
calbtawag ., untario,

Uear Sirs:

ihis lecter o

companiss cur report on the above scoil
investigation and stabilit 2y

We find that the site in the vicinity of station
183+00 is covered by up to 20 feet of sand,; gravel and rock
fi1il, then about § feet of layered silty clay and clayey silt,
This 1s Yollowed Ly a siratua of silty sand; gravel and
boulders then bearock,

T‘

fhe availabl evidence; in our opirion, suggests that
the failure of the emb.nkment which took place during construc—
tion was of a deep seated bype Lhreough the layered clay and
silt stratum. The resulis of analyses of this past failure
have been used in conjuuction with information obtained in the

current investigation to assess ths stphility of the pronosed
embaniasenl. Jur conclusion 1is that special measures will be

required in the form of eithsr stage construction or a stabi-
iizing berm to enable the roadway elevation to bhe raissd asz
proeposed.

48 discussed in the report, the ocutcome of the
studies reported herein irdicate that the section of the
preposed roadway between stations 179400 and 182400 may also
reguire the use of spacial measures to permit raising of the
roadway as proposed. 1lhe Pequirements of this section of the
roadway will have a bearing in the choice of St&blllZIHb

measurs in the v1¢1nxty of station 183+00. It is therefore 1

. hasiaua’ LRSI i 3
recommended that the seclion betweern staiicons 178+00 aral 2024006 k
also be investigasted pricr we F ial 'agl : TeF
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Department of Highways Ontario,

January 30th, 1963,

Page 2.

We believe thet this report ccvers as far as possible
the investigation of the particular ares studied.

However,

please feel free to call us; should vou regquire further infor-
mation or if we can be of assistance to you in any further work

which you may require al this site.

MAJM/ dw
57437

¥ours very truly,

GEOCON LTD
Ao 4 L :@.«&:74'. i o g
he s ?/ " fkw B

-
i

Oy

M. &. J., Matich, P. bng.,
Yice-President and .hief Engineer.
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INTRODUCTION

Geocon Ltd has been retained by the Department of
Highways, Ontario, to investigate the soil conditions at

Station 183+00 on Highway 17 near Mattawa, Ontario.

The object of the investigation was to obtain the
scil conditions at the location of a former embankment failure
and to reappraise the stability of this section considering the
proposed new horizontal and vertical alignment, This report
contains a2ll of the soils information obtained, together with

an analysis of the stability of the propossd embankment.

SUMMARIZED SOIL CONDITIONS

Boreholes 1 and 2. located on the embankment of the
present road; encountared approximately 20 feet of loose to
very dense rock; sand, and gravel fill. The fill overlies za
thin stratum of stiff grey-brown layered silty clay and clayey
silt. At the location of boreholes 1 and 2 the stratum has a
thickness of 10 feet, whereas a thickness of 3 to 4 feet was
encountered at the toe of the embankment. The stiff silty
clay and clayey silt is underlain by a stratum of very dense
grey-brown sand, gravel and boulders; then bedrock. The
thickness of this stratum was 13 feet at the location of bore-
hole 1, whereas it was not fully penetrated at the auger hole
locations at the toe of the slope.

DISCUSSIOK

It is understood that this section of Highway No. 17,
west of Mattawa was constructed arcund the year 1933. Con-
struction is said to have taken place during the winter months

and an embankment failure in the vicinity of station 183+00 took

GEOCON




DISCUSSION (continued) 2.

place shortly thereafter. Available details of the failure are
very scant and it is not known if the slide was of a surfiecial
or deep seatcd nature.

The failure was remedied by shifting the centreline of
the road approximately 30 feet due south and by unloading and
flattening the embankment slopes as shown on Drawing 57437-1.
These remedial measures were considered satisfactery since no
fur ther movements were observed.

It is understood that it is proposed toc change the
vertical and horizontal alignment of the present road. The
grade reguirements indicate that approximately 10 to 11 feet
of £ill would be required in the section of the former failure
in order to raise the road surface to the desired profile. In
view of the previous history, the stability of this area is to
be reappraised. The following discussions applies to the
section of the roadway in the vicinity of the previocus failure,
i.e. at about station 1E83+00.

The investigation has disclosed that approximately
20 feet of granular fill material overlies a thin stratum of
stiff grey-brown layered silty clay and clayey silt, This
stratum has a thickness of approximately 10 feet at the bore-
hole locations on the crest of the embankment; and approximately
3 to 4 feet azt the auger hole locations at the toe of the
present embankment. In a sample obtained from the lower one
half of the stratum there were clayey silt lavers approximate.y
1-1/2 inches thick and silty clay layers about 1/4 inch thick.
From visual examination of the samples, it is believed that the
upper part of the stratum has been desiccated; but that the lower

part is unweszathered and probably normally consolidated.
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DISCUSSION {contipued) 3.

The strength of the lavered silt and clay stratum
prior te the placement of the original fill is not known.
The cause of the original failure cannot therefore be definitely
attributed to a deep septed failure of this stratum; although
the availsble evidence points to a failure of this type.
Since the existing grade is toc be raised by 10 to 11 feset and
in view of the difficulties already encountered, it is
necessary to examine the new fill from the point of view of

both long and short term stability.

For long term stability, it is important to know
the pore pressure situation in the c¢lay phase of the stratum.
This information, used in conjunction with the shear strength
parameters for the material, enables the long term stability
to be computed. For the stratigraphic picture at the site
pore pressures can be developed in two ways. In the first
instance; they will be developed in the clay phase during con-
structicn; due to the weight of the fill. This possibility
is discussed in detail later. Based on the test data,; it is
believed that the critical cendition will occur immediately
apon loading. With time; dissipation of these pore pressures
will take place and the stability will increase., The second
case would be the possibility of a future build up of hydro-
£tatic pressure in the sand,; gravel and boulder stratum that
underlies the clay. At borehole 1, the measured elevation of
the groundwater level was below the base of the clay although
at an elevation of about 10 feet above the clay at the bottom
of the slepe. Although there is no supporting evidence
available, it is believed that higher groundwater levels will
exist in the Spring; than those observed at the time of the in-

vestigation, It would be a good precaution therefore; to pro-
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DISCUSSION {continued)

vide a shallow ditch at the bottom of the slope extending
through the clay down to the sand and gravel. This ditch would
be backfilled with a pervious filter such as sznd and gravel,
and would assist in relieving any excess water pressure that
may develop in the sand and gravel stratum at other times of
the year. For the same purpose, it is recommended that the
ditch on the south side of the road be lined to facilitate
run-off.

An effective stress stability calculation has been
carried out for the proposed roadway. assuming that with the
above provisions,; the hydrostatic head in the sand and gravel
would not be greater than ten feet above the obssrved water
level in the slope. The resulting computed factor of safety

for these conditions was 1.4.

As far as short term stability is concerned, the
most unfavourable conditions would be the case of rapid cone-
struction and no change in water content in the stratum., The
measured undrained shear strength of the clavey portion of
the stratum as obtained from two unconsolidated undrained tests,
ar2a about 700 and 400 pounds psr square foot, resspectively.
Both samples appear to be disturbed however. The results of
the consclidated uncrained test; consolidated to approximately
the existing overburden pressure, suggests that the undrained
shear strength may be higher than 700 pounds per square foo.
in order to obtain & further indic:.ion of the undrained
strength of the clay back calculations were made on the em-
bankment profile as originally constructed assuming a Failure
surface in the c¢lay. The calculations show that on first

isading the averasge shear strength of the zlay would have to
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DISCUSSIUN {contirued]}

have been about 4350 pounds per sguare foot for limiting equili-
brium. The shear strength of the clay has undoubtedly increased
in the past 30 vears due to the consoclidating effect of the
existing fill. Since the stratum is fairly thin and layered

it is anticipated that full consclidation of the normally
iocaded part of the stratum has taken place. In this case the
overall shear strength of the clay stratum would have increased
by about 250 pounds per sgusare foor. It would seem reasonable
therefore to assume that the average shear strength of the

clay stratum at the present time is about 700 pounds per sguare
foot. On this basis the computed factor of safety of the
raised embankment considering rapid leading would be about 1.1,
This is considersd too low under these circumstances. For
short term stability thersfore the embankment would have to be

constructed in stages or provided with stabilizing berms.

vl

L]

ecauss of the low overall thickness of the lavered
silt and clay stratum and the relatively high horizontal per-
meability as a result of the lagyered structure it is bslieved
that consoclidation would Tor the most part be complete within
about twe or threes months zfter leoading. Raising of the em-

bankment in stages would therefore appear to be practical.

The interval reguired would have to be determined
from cboevrved pore pressures as megsured during construction
zometers installed in the clay stratum, At least 50
percent dissipation of pore pressures should be allowed to

take place under any stzge of loading prior to construction

i

of the next stazge. As calculated by the effective stress

S -
analysis, with no excess pore pressures, the computed factor

o
of safety is 1.7. At any stage of loading therefore the

factor of safety would be intermediate between the factor of

safety of 1.1 menticoned above and the ultimate figure of 1.7,
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DISCUSSION {continued) 6.

The alternative to stage construction would ba the
use of a stabilizing berm. Preliminarv computstions show that
in the vicinity of station 183400, 3 berm at elevation 745 and

S0 feet wide would be reguired for a safety factor of about

-

3. The resulting berm is guite large zs would be expected
considering the height of the new embankment, the ground con-
figuration; and the sloping soil stratigraphy. The reguired
berm itself would need to be keyed down to the sand and gravel
stratum because of the low strength of the clavy at the

bottom of the slope.

The investigation of the section in the vicinity of
station 183+00 has showr that thers may be scoil conditio
between chainages 179+00 and 182+C0 which would alsoc reg. =e
the use of special stabilizing measures in order to raise

e the embankment in the latter area to the proposed elevation.

It is therefore recommended that the remainder of the roadwayv

between chainages 176+00 and 182+00 be investigated before

4

the final choice is made between the use of stage constructio-
and berms. In view of this. the berm reguirements in the

vicinity of station 183+00 has not been finalized at this time,

The field work for this investigation was carried cut
under the technical direction of Mr. J. F. Doherty. The report
was written by Messrs. D. B, QOates and L, 3. Brzezinski, checked

by ¥Mp. F, J. Heffernan and reviewed by Mr. M, &, J. Matich.

U e
T
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PROCEDURE

The field work for this investigation was carried out
betwesn Octeber 24th, 1962 gnd November 1st 1962 and on
December 2ist; 19%62. Two bo-eholes were prit down using a dismond
drill rig. The boreholes were put down in BX and NX size and
two inch Shelby tube samples ana twec inch sleeve samples were
taken in the layered silty clay and clayey silt stratum. Two
inch drive open samples were taken in the granular strata.
Additional information on the soil conditions north of the
highway was obtained from three test pits and two auger holes,
the latter being used to prove the depth of th~ silty clav
and clayey silt stratum at the toe of the embankment slope.
Bedrock was proved in one of the boreholes by drilling ten feat
into bedrock. A single piezometer was installed in the samd,
gravel and boulder stratum.

Detailed logs of the Lorveholes, test pits and auger
holes are presented on the Office Reports om Soil Exploration
in this appendix. The location of the boreholes. test pits
and azuger holes; together with the inferred soil stratigraphy
are shcwn on Drawing 57437-1 located in the pocket at the rear
of the report. Also shown on the above drawing is a profile
showing the proposed roadway and the existing ground level

along its centre line.

The laboratory testing of soil samples was carried
cut in the Soil Mechanics Laboratory of Geocon Ltd in Toronto.
The results are plotted on the Office Reports in this Lppendix
and on the figures in Appendix 1II. The samples remainiag
after testing will be stored unt.l August 1lst, 1963, at which
time you will be contacted for instructions regarding their
disposal.
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SROCEDURE {continuad) II.

All elevations given in this report are referrsd to
Geodetic Datum. The Geodetic berch nark is located 60 feet
right of chainage 1$0+77., The bench mark consists of a nail
driven inte a $.4 diameter birch stump. The elsvation of the

bench mark is given on vour profile as 808,89,

SITE AKD GEQLOGY

The site investigated comprises a section of Highway

17 at chainage 183+00, about 14 miles west of Mattawa, Ontarioc.

From available geological infoermation, it iy believed
that th: site is covered by post glacial silts and c¢clavs of
variable thickness underlain by dense granular deposits; then
Precambrian bedrock.

SOIL COXDITIONS

The principal so0il sirats encountsred in the borings
are as Teollows:

Loose to Compsct Brown Sand and Gravel Fill

A surface stratum of sand and graevel fill was sncoun-
tered on the north shoulder of the roadway and covering
much of the embankment sliope. The thickness of the fill

as encountered by the borehole is 31 feet,

%o standard penetration tests were carried out in
this stratum; however, based on the resistance to driving

the casing,; the relative density is believed to be loose
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SOIL CONDITIONS {continued}

Ixr.

Compact to Very Dense Rock, Sand and Gravel Fill

+

The boreholes and test pits XNo. 2 and 3 encountered
& stratum contazining a large portion of rock in a sand
and gravel metrix. The thickness of this stratum as

ohserved in the boreholes was 17 and 18,5 fest,

Standard penetration tests carried out in this stratum
gave "XNY wzlues of 10, 46 and 52 blows per foor. Based on
these values; the relative density of the stratum is esti-
mated to be compact to very demse. However, the high
incidence of boulders is believed responsible for the
high X" values.

For design purpoeses an angle of shearing resistance
of 315 degrees should be used together with a unit weight
of 120 pounds per cubic Toot.

Organic Clay

Tes pit Xo. 3 encountered a surface layer of organic
clay of 1 foot thickness. Much of the area at the toe of
the embankment slope is covered by this deposit. uwowever,
the organic content is variable and the surface layer at

augar hole Xo. 2 is described as a dark fibrous peat.

Stiff Lavered Silty Clay apd Clayey Silt

4 stratum of layered grey brown silty clay and clayey

0
e
font

t underlies the rock,
ct

sand and gravel Till and the
2SS

erganic clay. The thickne of this stratum as encountered
beneath the shoulder of the roadway ranges from 9.5 to 10
feet

t. A4t the toe of the embankment slop: the thickness is
T

3.5 feet a3 was observed in auger holes No. 1 and 2 which

 GEQCON




SQIL CONDITIONS {continued] v,

Sbiff lavered Silty Clav and Clavey Silt {continued)

penetrated through the stratum. It is believed that the
occurrence of the clayey silt lavers increases in the
lower half of the stratum. Two samples taken from the
upper half of this stratum were found to be silty clay.
The samples were lavered; =senerally at 4535 degrees, and
comprised of 1-1/2 inch thick brown silty clay layvers
and 1/4 inch reddish brown silty clay lavers. A sample
taken from the lower portion of this stratum showed the
grey brown clayey silt laver fto be about 1-1/2 inches
thick and the reddish brown silty clay layers toc be 1/4
inch thick. Agsain the lavers were inclined at about 45

degrees.

g An Atterberg limit test was carried out on a sample
of the silty clay and the resulting liguid and plastic
limits were 43 and 2& respectively at a corresponding

natural moistyu e content of 3§ percent.

Grain size distribution tests were carried out on
two samples from the lower portion of the stratum and the
results of the tests are shown on Figure 1 of Appendix II,
The tests were carried out on the samples as a whole
including both the silty clay and clayey silt layers.

A4S can be seen, clay sizes amounted to 19 and 36 percent

]
|
?
%
]
]
|

respectively.

The wet unit weight of the material was found to
range from 116 to 120 pounds per cubic foot, with an
average value of 118 pounds per cubic foot. The corres-

ponding moisture contents ranged from 35 to 41 psrcent.
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SOIL COXDITICNS {continued) v,

Stiff Layered Silty Clay and Clavey Silt f(continued)

Iwo undrained triaxial compression tests were carried
out on samples from this stratum and the results are
shown on the Office Reports in this Appendix and on Figure
2 of Appendix II. Values of compressive strength of 0.7
and 0.4 tons per square foot were obtained. The high
failure strains suggests that the samples were disturbed.
Standard penetration tests carried out in this stratunm
gave "X® values of 18 and 19, Un the basis of these BE"
values and from informatic.a gained from the tests des-
cribed below the consistency of this stratum is believed
to be generally stiff.

Three undrained triazxial compression tests with
pore pressure measurements were carried out on samples
of the siltv clay and the results are shown on Fisure 3
of Appendix II. The results show that the silty clay
has an effective angle of shearing recistance of 31
degrees and in the overconsolidated range it has an
effective cohesion of 200 pounds per square foot. The
information gained from the test at a cell pressure
approximating to the in-situ confining pressure was used

to describe the consistency of this stratum.

Yery vense Grey and Brown Sand; Gravel and Boulders

Underlying the silty clay and clayey silt stratum in
the boreholes and auger holes is a stratum of grey and
brown sand, gravel and boulders with some silt content,
This stratum was penetrated completely by borehole 1 and
found to overlie bedrock. The thickness was found to be
13 feet. Xo information is available on the thickness of

this stratum in the area of the auzer holes.

| GEOCON




SOIL COXDITIONS (continued) V1.

¥ery Dense Grey and Brown Sand, Gravel and Boulders (Cont*d}

Based on the time regquired for the piezometer to
Come to equilibrium and the estimated silt content of
about 10 percent; the permeability of the stratum is

believed to be about 1x107° certimeters per second.

& standard penetration test carried out in the
Stratum gave an "X% value greater than 100 blows per
foot. The relative density of this stratum is therefore
believed to be very dense.

Bedreck

Bedrock was core drilled in borehole 1 for a depth
E’ of 10 feet. The bedrock is metamorphic and may be

classified as hard sound coarse grained gneiss,

WATER CONDITIOANS

A piezometer was installed in the sand; gravel and
boulder stratum in borehole 1 and observations taken in this
ard in the open borehole during the time of investigation,
The water levels are shown on the Office Reports in this
Appendix.

The obivurved water levels were at elevation 727.2
and elevation 744.8. The former is believed representative
of the groundwater table at the time of investigation while
the latter water level was taken shortly after drilling was

completed and is believed to be influenced by wash water.
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EXPLANATION OF THE FORM
“OFFICE REPORT ON SOl EXPLORATION”

The obiect of this form is 1o enazble 3 comprehentive study of the scil tv be made by com

ing on one sheet all of the
information cbtasined from the boring. An explanation of the varicus columrs of the report follows.

ELEVATION AND DEPTH

Thiz wolumn gives the elevation and depth of boundaries between the varous soil strats.

clevation is referred 1o the

datem shown

engral heading.

WATER CONDITIONS

boring or the water table in the ground, determined by & series

o scele by a2 horizental line with the symbol WL or W.T. above

onditions wili be made in this column.

ion of the scil, using standard terminology, is contained in this column. The consistency of cohesive soils and

v of non-cohesive soils are described by the follewing terms:

Relative Density Stendard Penstration

Resistance. Blows/fi.

203 o 0.25 Yery lonss ¢ w <

.25 1o 2.5 tocse 4 to I0

85 w0 1.0 Compact e ot2 30

1.0 1o 20 Dense 30 10 SO

2.0 1040 Yery danse aver 50
over 4.0

plot follows the standard symbols of the Narional Researsh Coundil, Canada.

ELEVATION SCALE

in ail columns is plotted o & frue elevation scale whith is shown in this column.

iy of the repc-t forms & graph which is used To plot fo corrert elevation ing important soil properties which are

-
i
[+
£
5
3]
'
Q
v
%
4

2
P
B
24
&
-4

8
i
»
EAl
4
kil
@
@
3
)
d
-

ymbels for the plotting are shown &t the head of the column,

i thes zolumn zre shown, by symbol the other field or laborstory whith have been soif and for

which the results have not besn plotted on the above graph.

type and number of each sampie obtained from the Loring. The location and
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