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0. INTRODUCTION

At the request of Messrs. 4inley and Associates, Consulting
Engineers, a soil investigation was carried out by Dominion Soil
Investigation Limited at the site of a proposed bridge (project
no: 6658) in Tecumseth Township, Ontario. The structure will carry
the 12th line road over Innisfil Creek.

The purpose of our work was to reveal the soil profile below
the site, to determine the engineering properties of each stratum
encountered, and to advise on the design and construction of

feasible foundation methods,

This report presents ocur findings and recommendations.
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1. SUMMARY

A very thick varved clay deposit underlies the site. The
consistency of the material is soft to a depth of about 40 fe.,
therefore the design of spread foundations is not feasible, Point-
bearing piles had to be ruled out also, because no dense stratum
was encountered to a2 depth of 144 fr. The only practicable
foundation method is friction piles with an estimated safe load
bearing capacity of 9 to 20 tons per pile, depending on type of
pile used. The design bearing capacity should be determined by
a full scale load test.

The bracing and shoring of the excavation for the construction

of the pile cap should be designed using soil engineering methods.
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2., THE STIE

The site is on the 12th line about 2 miles west of
Highway No., 27 near Cookstown, Ontario (see enclosure no. 2).
The existing unpaved road passes westward through flat, forested
country to Innisfil Creek, which is tc be bridged. The creek is
about 25 ft. wide at the site and flows south-west across the

alignment at an angle of about 45 degrees.

3, SUBSURFACE CONDITIONS

The site is underlain by a varved silty clay deposit with
a desiccated crust and topsoil. The crust is brownish due to
weathering, but at a depth of 3 to 5 ft. below ground lzvel the
colour changes to a uniform grey. The unweatnered silty clay
extends to over a depth of 120 ft, and because this is the
sisnificant stratum for the present project, its engineering

properties will be treated below.

31, varved silty clay

Remarkably uniform in appearance throughout the explored
depth, this stratum consists of alternating layers - 'varves™ - of
silty ¢lay 2nd silt with fine sand. The structure is irregular:
the thickness of the clay layers varied between 3/4 and 6-inches,
whereas that of the silt with fine sand layers varied between
1 mm. and 7-inchas within the recovered samples., Although the
orientation ¥ thei: layers was mainly horizontal, by no means

is it certain tha. .hey are continuous.

e,
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In view of the generally wide spacing between the thin
silt seams the deposit can be regarded as a homogeneous clay
stratum which derives its immediate shear strength from cohesion.

The significant index properties of the clay are listed below:

Ligquid Limit 32%
Pilastic Limit 19%
Plasticity Index 13%

Unified Socil Classification
System Group Symbol CL

Natural Moisture Content average: 28%
range: 22 - 35%

Liguidity Iandex average: 0.45

range: 0.2 - 0.9

Sensitivity approximately 2 {low to medium)
Unit Weight average: 120 pef

Assumed Specific Gravity 2,75

Void Ratio average: 0.84

range: 0,72 - 0.92

The undrained shear strength of the clay was measured by
field vane and laboratory unconfined compression tests. The
results are in good 2greement with each other and define a limear
relationship between the effective overburden pressure (= p) and
undrained shear strength (=c¢). The calculated c¢/p ratio is
0.25. As indicated on enclosure no. 4, the measured shear strength

values increased from about 200 psf near the bottom of the desiccated
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crust to about 1350 psf at a depth of 95 ft,

The fact that the extension of the c versus depth line
passes through the 0 point indicates that the deposit is normally
consolidated, i.e. it never sustained larger loads than existing
at present. Some over-consolidation is noticeable in the upper
crust due to desiccation., A few field vane tests, especially in
borehole no, 1, indiceted higher shear strength values, but these
are attributed to the presence of silt pockets or layers. The
measured moisture contents were zlso somewhat lower in borehole
no. 1 but nc regular trend with depth was observed.

The failure strain of the unconfined compression test

a8

specimens was between 8 and 20%.
The compressibility of the varved silty clay was measured
by 2 laboratory consolidation test on sample 2 from borehole no. 1,

and the modulus of compressibility corresponding to the pressure
range to be considered in the settlement analysis, is 60 TSF.
The coefficient of consolidation for the same pressure range 1s
0.52 £t/day.

The soil is practically impervious in the vertical

direction, but may be quite permeable in the horizontal direction
s ¥

if the silt and sand layers were continunus.

32. Groundwater
The groundwater table was near the surface at the time of

field work. It will probably drop in the summer, and the lowest

position may be indicated by the end of zome of weathering where the

colour of the ssil channes to grey.
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4, DISCUSSION

41, Ceneral Information

It is understood that the proposed bridge will carry a
two-lane road and that the wain structure will consist of simply
supported concrete beams spanning 60 ft. The centre line of the
bridge will form a skew angle of about 45 degrees witb the centre
line of the creek and the deck will be at around elevation 102,35 ft,
According to information obtained from the Consulting Engineers,
the total reaction at the base of the abutments will be of the
order of 900 kips and the pile caps will be approximately 45 ft. by
12 ft, in plan. Since the present riverbed is at elevatior
95 ft,, elevation 90 ft. was assumed as the bottom level of the
proposed pile cap.

Qur analysis will be based on the above assumptions,
therefore, if the final design were different from the preliminary

ane, 2 review of the conclusions wmight be advisable,

42 . Design of Foundations for the Lbutments

From the field and laboratory test results it is obvious

~r

hat the subsoil has insufficient bearing capacity to a2 lepth of

-l

bout 4

54

ft, below ground level to support the proposed structure

¢

on spread footings, therefore, piled foundations will have to be
considered, No suitable bearing stratum = s encountered within
the explored depth (144 ft,), consequently end-bearing piles are

believed to be uneconomical, The only feasible sclution is &
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foundation “floating' on friction piles.
Two types of friction piles were considered: timber and

steel. These will be treated separately in the following subsections.

421, Timber Friction Piles

Untreated timber piles will be suitable because the entire pile
will be below the ground water table, Fifty feet long piles,
measuring 7-inches in diameter at the tip and 12-inches at 3 ft., from
the butt were analysed, With the tip of piles at elevation 41 fr, and
using a safety factor of 3, the safe bearing capacity of the pile
was calculated to be 8,7 tons. Therefore, approximately 51 piles
will be required which could be arranged in three rows, each comsisting
cf 17 piles. The front .  _f piles was assumed to be battered at
ar angle of 1 to 3, in order to secure the stability of the abutment.

The shear stress along the total circumferential area surrounding
the above described pile group is about 170 psf, therefore no reduction
for group action 1s necessary.

The settlement of the pile group is estimated to be of che

rh

order of 2%-inches, and assuming that no drainage can take place through
the silt and sand layers, the rate of settlement could be very slow:

50% of the consclidation will take place in 5.2 years and 90% of the
consolidation will need 22 years to complete. The presence of

continuous silt and sand layers, however, may considerably accelerate

the rate of consolidation.
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422, Steel Friction Piles

The performance of 60 fti long, 12BP53 stece. £ piles was
analysed with the tip at elevation 30 ft, The safe load carrying
capacity of a single pile was calculated to be of the order of 21
tons, thus 21 piles would be required to support the total reaction
of 450 toms. These piles can also be arranged in three rows, each
containing seven piles and the front row should be battered (at
1 to 3) to resist the horizontal unbzlanced forces,

No reduction for group action is necessary and the settlement
of the pile group will be about the same as that for the timber
friction piles. The consolidation will take the same long period
of time, provided no drainage can occur through continuous, pervious

and horizontal layers.

423, Load Test

There are inherent difficulties in determining the actual
carrying capacity of friction piles embedded in clay, therefore it
is recommended that a full scale pile loading test be carried out
The test should be used to confirm the estimeted capacity of the

ign i

wn
h

piles ov to modify the de necessary.
Since the shear strengtn of the clay arucund the piles could
be temporarily reduced by the remoulding action of the pile driving,

the load tests should be carried out a minimum of one month after

the completion of pile driving.
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43, Appyoach Fill

“

Since the road grade will be 2 to 3 ft, above the present
ground level, the height of the approach fill will be small, From the
undrained shear strength of the varved clay it was cstimeted that the
subsoil would be stable provided the height of the emankment did not
exceed 6 ft,

When the ropsoil is being stripped from the site, the
desiccated crust should be left intact to derive maximum benefit

from its load “istributing characreristics,

44, Construction

The excavation for the pile
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a soft clay, therefore

bottom heave is anticipated if the depth former exceeded about

m
¥ »j
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4 fe, Furthermore, the stability of the walls of excavation have

to be preserved during comstruction, Therefore, we recommend that the
bracing and shoring should be designed in advance, using scil engineering
methods to aveid costly failures and construction difficulties,

For the sake of completeness, we mention it here, that pile
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v if timber piles were emploved.
requently checked during driving and the ones
DOMINION SOIL INVESTIGATION LIMITED

\3\{‘*«’&»@

L.8, Rolko, P.Eng., A.M, ASCE.
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5. APPENDIX

51. Location and Elevation of Boreholes

The site and boreholes were located with the aid of a plan
(No, 5658-P2, Dec, 1966) provided by the Consulting Engineers.
Preliminary data re the type of structure, span and road grade were also
indicated on this drawing. ©Elevations were referred to a nail in the

root of a 30-inch maple tree, 84 ft, left of station 0 + 00 (= 100.0 ft.).

52. Field Work

Between January 20 and March 15, 1967 two boreholes of a total

depth of 181.5 ft. and two dynamic cone penetration tests of a total
depth of 95.5 ft., were put down at the locations shown on enclogure no. 2.

The holes were advanced by a washboring rig. Four samples were

taken with a 2-inch sutside diameter split spoon (= split barrel), which
was driven intc the subscil with a 140 1b. hammer dropping 30-inches.
This en«rgy was used in the dynamic cone penetration test alsc in which
a ccne (2V @, 60 deg. apex) actached to the end of 1 5/8 ‘rch dizmeter
drilling rods was driven into the soil without casing, From <driving

the split spoon, the Standard Penetration Resistances (= 'N'

values)
were derived, which indicate the density cof the substrata at the
sample locations, whereas the dynamic cone penetration test results
produced a continucus record of subsoil demsity.

The majority of the samples was taken with 2-inch diameter
thin walled tubes (= Shelby tubes), which were advanced into the bottom
of the borehole with one continuous, rapid movement, By this method

relatively undisturbed samples were recovered from frequent intervals

of depth, which were sealed with wax in the field.
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The in-situ shear strength of the soil was measured with a
Jeinch diameter, 4-inch iong, four~bladed vane with 2 wing thickness
of 1/8-inch., After the initial testing, the soil was thoroughly
remolded by rotating the vane and the shear strength measured again,
The ratio of the undisturbed and remolded shear strength of the clay

yields the sensitivity index.

53. Laboratory Work

All samples were shipped to our laboratory., The soil was

extruded from the thin-walled tubes, thus the nearly intact structure

o

f the material could be examined.

<

The natural water content of the samples was measured to obtain

v
+h
[
o)
'.—J
e ]
t=4
o]
h
'—h

le of natural moisture content versus depth. The unit
weight of five samples was 21s0 determined, which enables the computing
of void ratio in the knowledge of specific gravity. The latter was
assumed on the basis of published data,

The liquid and plastic limits of five samples was measured
to classify the soil,

411 results are shown on the logs of boreholes, and summarized
on the log of borehole no. 2.

The soil samples are available for inspection for three

months, Thereafter, they will be disposed of unless otherwise instructed,

T e e o g oy

“TEOIN NEGATIVE DUE TO
T ABTION OF GRIGINAL DOCUMERNT
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Enclosurs No. |.

LIST OF SYMBOLS, ABBREVIATIONS AND NOMENCLATURE.
SOIL_COMPONENTS AND GROUND WATER CONDITIONS.

OGQ 4,; ""‘l’ { '// \~ s
OS] Z\\EE
n ST Ol ey e a8, eel i/l niy : AN A

; GRAVEL. SAND GROUND! DEPTH
BOULDER ! COBBLE SiLT CLAY (ORGANICS :

| COARSE | FINE | COARSE | MEDWUM | FNE BEDROCK| | WATER | OF

L o 4 , — LEVEL |CAVE-IN
& > B8 3 Ya 476mm 20 0.42 Q074 0.002 > LiMtT
1.5 Stondard Sieve Size: No.4 NoiO  No.40  No.200

SAMPLE TYPES.

AS Auger somple RC Rock core TP Piston, thin walled tube sampie
CS Sampie from casing % Recovery TW Open, thin walled tube sampie
ChS Chunk sampie SS Split spoon sompie WS Wash sample
SAMPLER ADVANCED BY static weight * w OBSERVATIONS Steady pressure Washwater
M pressure Cop MADE WHILE No pressure returns
! fapping ot CORING intermittent :
pressure \‘;foc::*hwater

PENETRATION RES!ISTANCES.

SYMBOL :
DYNAMIC PENETRATION RESISTANCE : fo drive a 2"¢, 60° cone attached fo the end of the -
drilling rods into the ground, expressed in blows per foot. ——
STANDARD PENETRATION RESISTANCE ,~N-: to drive ¢ 2" outside dia, split spoon sompler o o
i foot into the ground, expressed in blows per foot. [o]
EXTRAPOLATED -N- VALUE 322

The energy for the penetration resistances is supphied by o 140 ib. hammer failing 30 inches

SOIL PROPERTIES.

W9  water content 8" Natural bulk density {unit weight) X Coeff, of permeability

LE 9% Liguid himit e Void ratic C Shear strength ——  interms of

PL % Pigstic himit RO Reiative density [ Angie of int friction—  10tQi stress

Pl %  Plasticity index Cy  Coeft of consoligotion ¢’ Cohesion —_nterms of

L Liquidity inder m,  Coeff of volume compressibiiity ¢’ Angle of int frichon—  effective stress

UNDRAINED SHEAR STRENGTH.
— DERIVED FROM -

TRIAXIAL UNCONFINED LABORATORY FIELD POCKET
™~ e ~ ~ PENETROMETER
COMPRESSION TEST st st VANE TEST s TES;’
t t
@ e X + -
20% e
Strain at failure is reg ted 5 +5°/ St: sensitivity = shear sirength :f\ undisturbed state
by direction of stem /o 1 ° shegr strength in remoulided stote
0%
SOIL DESCRIPTION.
COHESIONLESS SOILS : RD: COHESIVE SOILS : c 'bS/af
Very loose 0~ 15 % very soft less than 250
Loose 15— 35 % Soft 250 - 50¢
Compact 35-65% Firm 500 —~ 1000
Dense 65— 85 % Stify 1000 — 2000
Very dense 85 -100 % Very stiff 2000 ~ 4000

Hard over 4G0C

DOMINION SOIL INVESTIGATION LIMITED
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LOG OF BOREHOLE...l...

Our Reference N2 7 -1 - 4 Enciosure N2 .3
CLIENT: AINLEY 8 ASSOCIATES ORILLING DATA
PROJECT: 12 th. LINE BRIDGE Method: WA SHBORING
LOCATION: TWPR OF TECUMSETH, LOT 19, CON 11 8 12 Diometer; 3"
DATUM ELEVATION: N. & W. - EI 100 0O’ Dote: JAN. 20, 1967
— — =
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LOG OF BOREHOLE...2 . .
AND SL’MMARY Enciosure Ng 4

CLIENT: AINLEY 8 ASSOCIATES DRILLING DATA

OQur Reference N2 7 -~ | — 4

PROJECT: 12 th LINE BRIDGE Method: WASHBORING
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DOMINION SOIL INVESTIGATION LIMITED
CONSOLIDATION TEST
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