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Dear Sirs
‘ Enclossd herswith is our report om the soil conditions encouniered

at the propossd un&arnass of Hwy. No. 10 beneath the Canadian Naitional
RBailways in Port Credit, Ont. This information has been obtained from four
borings %sken to a2 maximum depth of about 37 fset below present ground
surface,

The soil a2t this site has been found to consist, in large part,

of very hard clayey silt 3111, which is quite competent to support the
loads involved iv this subway construction. Atteniion is drawn 1o iwo
potential problems which appear to warrant consideration, One concerns

the presence of a thick deposit of wet fine sand which liss beiween approx—
imate Zlevations 274 ft. and 267 ft., at the north end of the siis. The
sstimated water itable in this stratum is approximately Blsv. 275.5 P,

fhe othse er mauﬁer which requires atiteniion is the high concentration of
“Dn and sulphate encountered in the sandy topsoil which lies
to £ Feet below pressnt ground level, Suggested procsdures for

4
deali ng Wt%h these difficulties are considered in the report.

e information contained herein is in sufficient
planning of this project. If gueries come t¢ mind
its contents we shall be pleased to discuss them.

Yours very truly,

WAT/1% William A. Trow (P. Eng.)
Incl.
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FOUNDATION INVESTIGATION
C.N.R. UNDERPASS, HIGHWAY RO. 10
PORT CREDIT, ONT.

This report contains the resulis of a foundation investigation
completed recently at the above-noted bridge site. Comments concerning
foundation competence, horizontal earth pressures and other soil mechanics
problems have heen given.

field Investigation Procedure

The four borings of this investigation were psrformed using
conventional diamond drill equipment adapted for soil sampling purposes.
The holes were cased to full depth with BX pipe which was drilled down io
the various sampling intervals.

Samples were recovered both in the disturbed state, using a 2-inch
C.D. split spoon, and in the relatively undisturbed condition in 2-inch I.D.
Shelby tubes. Becauss of the very dense state of the soil, this undisturbed
sampling operation was not too successful, although sufficient samples
were recovered io obizin representative measurements of shear strength of
the clay ¥ill which predominates this site.

In most instances, both the split spoon and Shelby tube samplers
were driven into the soil below casing level under an energy of 350 £4.1bs.
per blow. The high resistance to sampling presumably had some effect on
the strength measursments of the soil recovered, although dense material
of this type should be relatively insensitive to disturbance,

Dynamic cone peneiration tests were performed adjacent $o holes
Bos. 1, 3 znd 4, in order to supplement other measurements of the relative
density of the sand deposits which comprise the surface strata at this site,
The driving snergy, required to advance this 2-inch diameter cone, conforms
to the force used during the soil sampling operations.

Water level cbservations were taken in each hole as the work pro-
gressed, Unfortunately, however, these bores were advanced by <~illing
the casing and, 25 a consequences, unceriainty existed regarding the actual
source of ground water movements. 4An example of this uncertainty was ‘n
the observations of water levels in hole No. 1 during and after the casin>
wag withdrawn at this location. A gradual rise to Elev. 268 fest was
noted as the field work progressed, which could have signified high excess
water pressures in the ground below subway level. It could also have been
the result of water seeping from the surface cinder fill into the borehsle,

In order o resolve the uncertainty regarding true ground water
level at the site, a piszometer was installed in borehols No. 3, after
sampling had been completed in ithis hole. This piszomeisr was backfilled
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with sand and then ssaled, at a depih of about 20 feet, using bentonite.
A similar attempt to insiall a piezometer in hole No. 1 was not successful,
so 3 inch casing was driven to a depth of 10 feet below the surface into
the impermeable brown clay which underlies the cinder £i1l1 at this location.
This casing was cleaned out and s hole was drilled with AX casing belew
it to a2 depth of 25 fest. The pipe was then filled with water anc obser—
ations wers made thereafter until a stabiliszed level was cbiained.

The elevations of all boreholes were ssiablished by a Dept. of
Highways Survey crew working in this area. The locations of *the bores
are shown in Dwg. Fo. 1.

Description of Soil Types

Detailed descriptions of the various soil types encountered in
each boring are shown in Dwgs. 2 %0 5 of this report. The estimated strat-
igraphical profiles of Dwg. 1 are based upon this information. From the
surface dowmward, the various soil types are zs follows:

TLLs

This artificial deposit extends from the existing road surface
down to the original ground level which lies at approximate Elev. 274 fest
on the north side of the tracks and at Elev. 272 feet to the south. This
f1ill has been used locally o raise Hwy. 10 up %o railway level. It
consists of dry cinder and gravel fill ranging in thickmess from 2 to 4§
fest. This in turn is underiain for the most part by stoney stiff sandy
¢lay which contains some organic material. On the basis of cone penstration
measurenents, the cinder fill can be considered fo be in a loose state.

UNIFCRE FINE SAND:

This stratum represents the original surface layer in this area.
It underiies tbe fill deposits described above and extends 1o approzlmate
Slev, 271 feet on the south side of the tracks, and to Elev. 267 fest %
the nsrt4¢ T‘e top 6 te 12 inches of this sand consists of topsoil of the
original ground surface,

Chemiczl anslysis on samples of the topscil from Holes Fo. 1 and
4 indicates an zggressive (0, content ranging from 32 to °3 D.D.It. The
Tree sulphste cnﬁ+en+ of the material from Hole Fo. 4 had 2 value of
3756 pepeme In 2ll cases the topsoil was slightly acidic. The resulis
o a sample of siightly organic sand; tcken just above the topsoil level
in Hole Ne. 3; showed much less severe conditions., It was concluded from
this that the deleterious conditions were confined in and above topsoil
level and that the underlying sand was not saturated with aggressive
solutions,
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:

Q & typical grading of the sand, for a sample at a depth of 10 feet
in Hole Ho. 4. is shown in Dwg. 6. The penetration resistance of the sand
north of the itracks incresses sharply below the level of the topsoil. 4
value of the ordsr of 30 blows per foot is considered to be representative.

The send appeared wet and saturated at and below topsoil level and
is assumed that the ground water is perched in this material, The level
of this perched water conforms thersfore to the elevaiions of the adjacent
ground surface north and south of the railway.

i+
}.U

EARD BROWE CLAY

This materizl extends from FElev. 271 to 265.8 fest on ithe south
side of the railway, and is azlmost non-existent to the north. It is an
unstratified deposit with some gravel and therefore is assumed to be a
ti11. It exists for the most part at a moisturs content below the plastic
limit although the top few inches of clay, in contact with the overlying
wet sand, has been softened somewhat, as evidenced by the shear strengih
and moisture content measurements for a sample from a depth of 7 feet in ;
Hole Fe.t. UNeglecting this thin layer of softened c¢lay, the representative
values of some of the physical properties of this stratum are:

Undrained shear sirength 6.3 10 646 k.s.f,

Liguid limit 28,4 to 46.8 % dry wt.

Plastic limit 17.1 to 22 % dry wt.
' Katural moisture 14 %o 16.6 % dry wt.

Hatural unit weight 142 p.c.tf,

Penetration resistance approx. 24 blows per ft.

HARD GREY S&WDY CLAYEY SILT:

s siratum probably represents the undessicated portions of
the overlying brown clay, although it has a lower plasticity and a higher
gravel conient. Representative physical properiiss of this soil are as
follows:

follows:

Undrained shear strengih 6.2 0 6.9 k.s.f,
Idiogudd limit 25, decreasing with depth to
20% dry wt.

Plastic limit 14.6 to 13.5 % dry wt.

Neitural moisture 10 to 13.5 % dry wt.

Fatural unii wi. 143 to 150 p.c.f.

Penetration resistance in sxcess of 40 blows per 4,

ge slabs or boulders of limestorne were encountered in this
stratun depth of about 20 feet or subway level. This $i1l depesit
liss between Elev. 266 znd Blev. 253 ft., A representative grading is
showa in Dwg. No. %,
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VERY DENSE STLTY SAND:

This material underlies the clayey silt $ill described in the
foregoing section and extends to bedrock. It contains considerable coarse
gravel and limestone boulders. Below about 30 feet, thick limestone slabs
or boulders predominate. The penetration resisbtance of this soil was in
excess of 50 blows per 4. The level of the ground water in this stratum
was zbcut 259.4 feet.

BEDROCK:

Bedrock, consisting of dense dark grey shale, was encountered at
a depth of 35 feset, or Elev. 242.5 in Hole Ne.1. In hole 2, bedrock was
found to consist of limestone with some interbeds of shaley it was inter—
sected at z higher Elav, of 247.6 feet., It is probable that shale under—
lies this limestone at or near the same elevation as appliss in Hole No,1.
No bedrock was encountered in Holes 3 and 4, north of the iracks, although
mumerous limestone slabs or boulders were intersected.

Foundation Considerations

Preoposed comnsiruction at this site involves the sxcavation of
soil %o a depth of about 20 feet below present railway level, and the
installation of retzining structures to support the earth walls of the
resulsing cut.

In view of the very hard nature of the cohesive $ill which
predominates this site, no difficulties should be encountered in the per-
formance of this work., However, some of the observations and comments of
the foliowing paragraphs may be of some assistance in the preparation of
the design for the struciure.

The initial stages of the progect invelve an excavebion through

111, send and 4111 deposits down to approximate elevation 260 feet.
Tlev. 267 feet, the soil will be quite dry, dense and free of ground

ficulties. Above this level, howsver, some difficulbies may be

gd when exceveiing through the overlying sand encountersd north
tracks. On the basis of wzier level observations in an uncased

O feet, adjacent to Hole FNo. 4, and of examinations of samples of
s the waler fable in this stratum is estimated to bs Blev.275.5
This corresponds approximately to the level of the adjacent ground

¢ the north. BSince the lower level of this sand is at Elev, 267
s early stages of subway construction will involve an excavation
prroximatsly 8% feet below the frse water level in this sand. 48 a
onsgqguence, the sand can be expecied o become unsisble unless measures
taken to lower the ground water prior to cucavation. )
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0 This dewatsring north of the tracks can be accomplished by means
of a well point installation or by pumping from gravel-filled sumps. In

the Tormer case each unit should be surrounded by a filter of medium gra;nad
sand in order ito avoid clogging of the screens. The suggested procedure

for the latter method of drainage is to excavate a trench to the boittom of
the sand along each side of the highway just beyond the limits of the subway
cut. This trench should be backfilled immediately, as esrth is remeved,
with a free-draining coarse sand or fine gravel o sprroximate Flev., 275
fset. As this free-draining sand is dumped in, the suction end of a sump
pump shoulid be lowered inve the pit, to approximate elevation 267 feet.

The suciion end should be coversd with a fine wire screen 2nd one or two
coarse burlap bags.

The advantage of this latter procedure is that the coarse sand or
gravel Tilter will act as a fres-draining support for the sand as the
excevatlion work proceeds. Ko shoring should be required, except in the
immediate viecinity of the iravelled portions of the railway, since the
natural sand, when drained, will stand on approximately 1% to 1 slopes.

The width of ths gravel trench should be about 4 fesh; as subway excav—
ation approaches the level of the clay till, this gravel should alsoc assume
stabilized slope of 1% to 1.

W

A% EBlev., 260 ft., the abuitment and retaining wall footings will
tear in the very hard clayey silt till, Since the moisture content of this
material is pslow the plasitic limit and its shear strength is in excess
of 5000 p.s.f., a very high tearing capacity is available. The recommesnded

o safe bearing value to apply both on this till and on the overlying brown
clay is 5 tons per square fooit. The settlement associated with this pressure
should be well within tolerable limiis, FNo ground water difficuliies should
te encountered st this bearing level. The siatic ground waier level in the
underlying silty sand is at Elev. 259 £+,

During the period of construction, the face of the excavation in
this #ill deposit should sitand unsupported., Thersforey, from the short
term view, the horizontal earth pressure exerted by this clay against
abuxmen s and refalining walls should be negligible. The walls will be
required only to support the horizontal thrust of the natural ssnd zbove

+

«

the clay and of the gravel backfill instzlled between the concreie and
the natural ground, It is assumed, in this instance, that this gravel
fi3i1 will s drained sc that hydrostatic prsssures do not develop behind
the wall

From the long term view, however, the clay +ill should be expected
to assume the shear strengih charactsristics of & granular scil. Although
slow drained shear tesis were not performed, it is suggested that the long
erm shear characteristics of the till will be expressed approximately by

the effective strength parameter, - Cohesion C' = 0, and angle of internal
friction ﬁ = 30°, These values represent a conservative estimate for the
gravel backfill or for the natural sand encountersd north of the tracks,

g
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Accordingly the active earth pressure coefficient,used in the design of
retaining walls, will have a value of 0.33., The long term resistance to
sliding along the contact between the +ill and the overlying retaining
wgll snd abubtment footings will be equal to N tan 30°, where N is the
totzl normal load exsrted by these Tootings.

Chemical analyses on samplss of the original topsecil located soms

4 to & feet below present ground surface showed that this material contains
an excess of sulphates and aggressive Carbon-dioxide. This could be the
result of graduzl leaching of acid=forming compounds from the ov&rlylng

and cinder £ill., For static ground watsr conditions, a free u02
content of 20 p.p.m. is considerad to be the maximum tolerabls Iimit™if
deterioration of concreie is to be avoided. The resulis, in Table 2,
ccntain one value in excess of this amount. The sulphate content is alsa

onsidered +to be wvery high in one instance., Therefore, it appears

d951r ble to remove all materials above Blev, 272 feet, which may come
into contact with concrete or siteel. The sand underlying the topsoil
at the north end of ithe site does not seem to be conbtaminated with these
daleterious constituents, Precautions should he taken o obiain a dense
good quality concrets since this will provide long term resistznce $o
daterioration,

Surmary of Couwzents

The foregoing observaltions and comments can be summarized

briefly a3 follows:
1. The proposed underpass of the Canadian National Railwsy will
invelve excavations, for the most perit, in very hard sandy clayey silt
glacisl $11l. The estimated safe bearing value of $this material is 5 $ons
rer square Toot.
2. In the north half of the sits, this +ill is Overla_k,to Blev. 267
feet, by wet fine sand which may cause sxcavation difficultiss if water is
not &r rom it bef orehan Suggested procedures for accomplishing

i ussed in the repovb. This water may be considered as perchsd

1. The ground water tablse in the silty sand matsrial which
the clayey silt $i1l, is af Elsv, 259.4 Tt.

4 stand unsupporised during and for a

T per Fter ruction. However, from the very long term
risw, it asonable to assume that it will assume the characteristics
of a gramulsr soil, Suggested values for effscitive shear strength and
aciive earth pressure coefficisnt have been given.

his site has been shown in Dwg.t.
¢ removed since some of it is
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TABLE NO. 1 =
SUMMARY OF LABORATORY TEST MEASUREMENTS ’g“
Tlev. Shear Strength X.S5.F. and Natural Unit Wi. p.c.f. Natuval Moisture % dry Wt. Atterberg Lts. % Dry Wi. 2
Feat Hole Hole Hole -
1 2 3 4 1 2 3 4 1 2 4 >
75 &
274 Q
273 ¥ = 110 10,3 =
272 . ‘ 43. 7 “
271 1.18(y=127.2) v=132 25.7 (organies) LL=33.8
Pl=20.4
?jég 16.1 (sg}mz)
268 - 6.26% 14.4
267 (Vv=142) 16.6 L1=46.8
» Pl=21.75
266 6.6 14.0 LI=28.4
PL=1T.1
265 (Y=143) 6.88 (¥=150. 4)6.20(Y=144.3) 11.4 12,1
264 10.6 12,0 LL=25, 1
263 Pl=14.6
262 ' 10.6 11.4
261 Y=143.3 13.5 12.4 L1=22.8
- ?L-—=13¢5
260 10.8 Li=22.7
Pl=14.5
259 6.4 (=149) 10,2 12.9 ’ LL=20.5
PL=14.7
258 9.8 L1=19.6
PL=13.9
257
256 9.4 11.3
255 12,3 10.6
25 T4
253 NWOTES: All results except where noted 8.8
S50 represent undrained friaxial test
253 megsurements performed at a cell 9.9
2B pressure of 10 p.s.i. 6.9
245 8.8

¥ . Unconfined compression test.
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& TABLE WO. 2

SUMMARY CF CHEMTCAL, ANALYSIS

Hole No. Denth Description pH Sulphsates Free 002
at SOX PR oym
1 4 - & Vet orgenic sandy 5.89 563 23
topsoil
3 43~ & Moist slightly organic &.71 8 10

fine sand

4 £ - 7% Wet organic sandy topseil 6.80 3756 32
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SETE IMNYESTIGATIONS aND §01L MECHAMICS CONSBULTATION
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