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A request by the Materials and Testing Division of the

Department of Highways, Ontaric, has bheen received *o carry out

e "

@ soil investigation at the site of 2 prorased hox culvert near
Cueen's Drive. The preposed culvert will e constructed in an

open cut extending aprroximately 10 to 16 fi. below the present

ght of the embankment at this point will

The |

ground surface. he he

weadl

=y

ek

egi.

be approximately 32

A preliminary soil investigation has been previously
carried out by the Founcdations Section of the Depariment in 1865
The results of tris investigation were rerorted on April 1st,
1965, and in the preparation of this yeport, reference was made
to borehcles near this site.

The present investigation consisted of threz boreholes
located along the centre line of the proposed culvert, one at
each extreme end of the culvert and¢ the third under the centre
line of the proposecd embankment.

This repor

-+
[e8
]

describes the soil conditions encountered
the investigation and gives recommendations for the design and

construction of the culivert and the stability of the embankment.
The procedures followed in the field and laboratory testing are

given in Appendix

»

i

n



SITE AND GEOQLOGY

The site is located in a Eéw lving area about 500 Ti.
scuth-east of Queen's Drive near Venice Drive. At this point, a
small creek crosses the area in the east-westerly dérecfien; and
intersects the centre line of the proposed liguway YNo. 400 Exten-
sion at about Station 85.66 ft. Part of the earth fill embankment
of the highway immediately north of the creek has been already
constructed.,

The previous investigation has indicated that the bed-
rock in the area lies at a considerable depth and is covered by
giacial and interglacial depocsits of the Pieistocene period.
These glacial deposits are overlain by a thin veneer of lake and
flood plain deposits.

SOIL CONDITION

The borings indicate that the site is underlain by a
fine sandv silt to silty sand cdeposit, ranging between 2 and 5 ft.
in thickness. The elevation of the base of this deposit is about
394 to 391 ft., dropping off in the westerly direction.

Underiying this surficial stratum and extending to about
elevation 310 ft. {information obtained from B.H.G.lrepcrt} a

grey~coloured clavey silt till, that is, a glacial deposit in which

the soil fines predominate, was encountered. WUWithin this generally

very stiff till stratum, a distinct layer of firm to stiff silt

F
<

clay was encountered. t each borehole location, the surface of

O

-

this c¢lay wes found at elevation 384z ft., but its thickness varied

between 5 and 17 ft.
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For a detailed account of the secil condi®ions encountered
in the bereholes, reference should bSe made to the individual bore-
hole Togs. 1In the fcllowing paragraphs, the main characieristics
of the different soil types will be discussed.

Surficial Denosits

The top 2 to § feet of the subsoil consists of granular
deposits ranging in composition from gernerally fine sandy silt or
silty sand to siliy sand and gravel. Based on the penetration tests,
the relative density of these deposits is estimated to be generaily
loose. Traces of organic matter were also noticed in the recovered

samples.

Clavey Silt

=N

The significant soil stratum in the area %s a glacial

ti1l consisting of clavey silt with some sand and embedded gravel,
The surface of this till was encountered generally at elevation

383 ft., and based on the evidence obtained in the previous investi-
gation, it extends tc aboui elevation 310 ft. The overall thickness
of this stratum, therefcre, is about 80 ft. Based on visual and
tezctile examinations, it is-estimated that the clayey silt consists

of about 20% clay, 50% silt, 20% sand and about 10% gravel. In

=

iew of the short time available for the preparation of this report,

he actual grain sive distribution of only one representaiive

e

sample was determined 'n the laboratory [Enclosure &) but for a
more complete documentation of the deposit, reference snould be

made to the report and laboratery tests rrenared by the Department.
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The consistencv limits of the clayey silt were deter-

mined by Atterberg Tests which indicate that the average Ligquid
Limit of the soil is about‘ZZ%, with a Plasticity Index of about
8. The results of these tes*s are plotted on the individus
borehole logs and are summarized on Enclosure § in Appendix "p®,

The natural moisture content of the stratum ranges

between 12 and 15%, and is generally at or near the Plastic Limit.

The Liquidity Index ranges beiween 0 and 0.13.

The undrained shear strength of the soil was measured

(o]

in the field by vane test apparatus, and although the measured

vaiues range between 1905

[«5)
=3

¢ 4700 1bs. per scuare foot, 2500 ibs.
Der scuars foot could be censidered aé an average value. The con-
sistency of this stratum, therefore, can be’described s generally
very stiff to nard, Approximately the same range of consistencies:
can be inferred from the Standard Penetration Test which gave “n*
”va?&es varying between 15 and 42 5lows per foot.

Siltv Llay

s et Mot rmnryemceias

Interbedded in the clayey silt till, there is5 a layer
of a grey-coloured silty clay. The surface of this fayer was
encountered at about e?evation 384 ft. The thickness of this
stratum, however, varies between 5 ft. in Borehole Ho. 1 and

.

about 17 ft. in Eorenhole MNo. 3, that is, it increases in tnickness

ot
-

in the westerly direction.

Atterberg Tests indicate that the soil within this zone

is & clay of intermediate Tasticity with 2 Licuid Limit of about
y v

€3

4 to 39%, and a Plasticity Index of 14 to 17. The natural moisture

content ranges between 24 and 32% which is considerably higher than
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the Plastic Limit of the ma:erial. The Liguidity Indices range

oy
2o F

f32]
=3
8

between .4

undrained shear strenqth of the soil. The in-situ shear strengt

o

of the soil in Rorehcles Nos. ] and 2 ranges between 1900 and
2600 1bs. per scuare Toot, incicating a stiff to very stiff consis-

tency. There is, however, a marked decrease in the consistency

-ty

of the s¢il in the viesterly direction as the shear strength values
measured in the field in Berehole lo. 3, or cn undisturbed samples
in the laboratory, range only between £01 and 1500 1bs. per square
foot. The average shear sirenoth of the scil between elevations
320 and 370 ft. at this lccation cen be considered only as 200 1b5s.
paer square foot. The Standard Peneiration Testis performed within

this stratum confirm this firm to stiff consistency.

he peosition of the free stancding

P

gter Jevels in the

boreholes was carefully observed during the drilling and up to

the end of the field work. ihe final water levels as recorded

-l

n the boreholes are shown on the boreholz joas

subsoii.



h
L]
\te]
i
s
3
f
o]
(14
g ]

pIsSgussion
is proposed with invert elevaztions ranging between 384 and 3IP2.7%
Open cut method is propesec Tor the construction of the culvert

Y r

in a trench about 10 and 1¢ #:. deen and 22 to 24 Fi. wi

[

e. The
finished grade of the earth enbaniment will ce at about elevaticn

420 ft., that is, on top of the culvert the thickness of the sarth

cover wili be about 28 fi. The proposed side slopes ¢f the embank-

ment are 3 horizontzl ia 1 vertical. Possible nrobliems arising

in the design anc construction of the culvert

[+

res

P
ol
A

the bearing capacity of the subsoil at the
c’ nroposed subgrade level.
(2} the maximum to%azl and ¢ifferential settlement
of the culvert.
{3) the stability of the embankment.
{4} the excavation and dewatering of the trench.
These will be discussed briefly in the foliowing
paragraphs.

1.

R

earing Canacity

o

The net pressure increment at the e of the culvert

(%3]

&

£

under maximum loading condition will be about 4705 1bs. per scuare
feot at the mid-point of the culvert, and about 2000 1bs. per SOUET

foot at the two ends.

belween Stations &£+00 and about 6+00 is 5000 15, ner soyare foot

[

and therefore a
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More critical conditions exist at the west end of the
culvert where the subgrade is only a Tirm clay with an average
shear strength of about 900 lbs. per square foot. In view‘af the
small surcharge load in front of the culvert, the possibility of
local shear failure of the firm silty clay hat to he investigated.
Calcvlations indicate that the factor of safety against local shear

failure is abeout 2.0 which, though lower than the normally desirable

value of 3.0, in the present case is considered to be adenuate.

2. Settlement

Due to the increase in the effective stresses below the
culvert after construction, settlement of the structure can be
expected. The total movement will be partly fhe,resnlt of the
elastic deformation of the subscil and partiy due to the loni-term
consolidation settlement of the clay deposit.

The maximum elastic deformation of the subsoil due to
the added weight of the embankment and structure was calculated
at the mid-point of the culvert to be about 2% inches, and about
1.2 inches at the two ends. In addition to this, the subsoil
will undergo qug-term consolidation settiement, the amount of
which was estimated at the centre as 5% inches, and about 0.8 inches
at the two ends. The magnitude of the total movement at the centre,-
therefore, will be of the order of 8 inches, and about 2 inches
at the ends.

As a result of this differential movement, the magnitude

f which is of the order of & inches, the culvert wiil be subjectied
to flexural and axial tensiie stresses. A monolitically built

culvert should be designed to resist these stresses. Alternativeiy,
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it is suggested that the ci’vert be constructed with flexible
joints.

3. Stability of Embankments

The stability of the 30 ft. high embankment with 3 to 1
side slopes was Sﬁaiysed in terms of total stresses, and assuming
that the failure will take place along a cylindrical surface which
in case of "isotropic" soil types is generally a vaiid assumption,
The anaiysﬁs for a limited number of trial failure surfaces indicates
that the factor of safety against failure occcurring along these
~circular arcs is of the’order of 2. This is considered to be
adequate and, therefore, no stability problems. are foreseen.

4, Lonstruction

There are no serious dewatering or excavation problems
’anticipated during the construction of the culvért in an dgen
trench as proposed. The depth of the trench will range betﬁeen'}o
and about 16 ft. The walls of the trench within the very stiff
cliayey siTt'wiTE be stable on a nearly vertical face without support.
ﬂomina?yshoring, however, is recommended to comply with the Trench
"Excavators’ Acrt. |

To avoié inconvenient working conditions at the bottom
of the trench due to the plastic "sticky”, clay subgrade, it is
recommended that as soon as the desired excavation level was
reached, & working mat of granular material or lean concrete be
9¥&ced‘at the bottom. |

In view of the Tow permeability of the subsail, there

are no serious dewatering problems foreseen,

”
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Since a relatively large amount of material will be
excavated, its suitability for Fil1 raterial will Tikely be
considered. There wi:l he three main soil types encountered during
the excavation:

{a) fine silty sand or sandy silt

{b} clavey silt [till}

{ec) silty clay
a) The fine sandy silt deposit encountered in the top 2 or
5 feel of the subsoil is considered to be suitable for Ffil
material, however, in view of the uniform particle sizes, its use
is limited to areas where a high degree of compaction is not required.
b} In view of the well-graded nature of the clayey silt til}l,
as ill.strated on the enclosed grain size distribution curve,
{Enclosure No. 6) this material is considered suitable for fil1
material. The natural moisture content of this stratum is about
12 to 14%, which is probably slightly abeove the optimum mocisture
content of the material. Because of the clayey nature of the
subsoiil, adequate compaction of the material however can only be
achieved by heavy smoothwheel or sheepsfoot type of rollers.

c) Approximately 2 ft. of the grey silty clay encountered
below elevation 384 ft. will have to be removed. In view of the
high plasticity and high natural moisture content of this material,
any handling of this soil will be difficult, and therefore its use

as ¥i11 material is not recommended.
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The 1nvest1gataon has 1nd1cateo that the site in the
préposed cons tructxon area is underlain by a generally very st1ff
clayey silt ta?? extendzng ‘to elevation about 310 ft

"The factor of safetyragainst general and local shear
failure cccurriﬂg under the proposed culvert was calculated to be k
3 and 2 respectively. g | | k |

The maximum total movement at the centre of the CUIvéft’
due to the eiast:c and 1cng term conso?zdation settlement of the
: subsail was calculated tc be & inches, and about 2 1nc%es at the
two ends, The maximum differential movement, therefare, will be
‘Qf thé order of 6 inches. To avoid tne cverstressxng of the cu;vert '
by the flexural and icngitudzna? tenszle stresses induced uy,ahis
differeniia? movement, it is recommended that it be constructed
1n shert un1ts and- flex1bie joints. ;

There are no stability problems foreseen from th& fsn-
s;ructlon of an approxxmate:y 30 ft. high embankment hav1ng @ side 
sxopefof 3 horzzonta! in 1,vert1ca1. |

No dewaiering,cr excavation prob?ems are foreseen whicﬁ,
would require more than usual attention. 4 |

| The sditability’cf the,diffé%ent soi7 types excavated
from the trénch are distusééd in thexreport.

DOMINION SOIL INVESTIGATIG’ LlMiTiD
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Chief Engineer. - o
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AP PEN DT X upw

Auythorization to carry out the work was contained in )
letter dated September ©Lh, 19£6.

he work in the field was carriec out by a standard

&3
i
&%

diamond drill machine on Sentember th, 12th, 13th and 14th, 178
foth disturbed and undisturbed sampies were recovered

at 2% ft. intervazis by neans of & 2-inch outsicde diameter split

sty

spoon sempier or by 2 2-inch inside diameter thin-walled shelby

tube sampler. When recovering disturbed soil samples, the sampler
was driven 12 inches into undisiurbed ground ysing 350 ft/1b. znergy.
The number of blows for the last 12 inches of penetration was re-
corded as the Standard Penetration Resistance or "IY value. Ad-

Jacent o esch bore%hole, a dynamic cone penetration test was

%

performed. In the cone test, the same driving energy was used as
in the Standarc Penetration Test, but a 2-inch diameter £3 degree
cone was fitted te the end of the drilling rods and it was driven
continucesly until practical refusal {100 blows/ft.) was encountered,
Yhere the consistency of the subsoil permittec, t%e'in~
5itu shear strength of the scil was measured by & four-tlads, 2 inch
diameter vane tester apparatus.
The results of the borings and penetiration tesis are

indicated on the attached borehole 10ogs, and the inferred subsoi}

3

rrofiie is shown on the Plan and Profile draw.ng encloses in the

side pocket at the rear of the report.

All elevations menticnad in thi- repor:i are referred ¢
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the ground level at Sitation 4+50. The elevation of the ground
surface at this point was obtained from the Plan and Profile

drawing supplied to us by the Department as 306.0 fti.
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Encosure Ne. 1

LIST OF SYMBOLS, ABBREVIATIONS AND NOMENCLATURE,
| SOIL._COMPONENTS AND GROUND WATER CONDITIONS.

S NG

1Y) 21 M
BOULDER | COBBLE | ChAver SAND SILT | CLAY |ORGANICS gﬁ?‘é*’;" ﬁ%’;’“
cosRse | PNE | COARSE | MEBUM | FNE BEDROCK EVEL lcavE-1N
g > & 3 %' 476mm 20 042 0074 0002 > |IF

U.S. Standord Sieve Size: No.4 Kol No.4D Ne200

SAMPLE TYPES.

AS  Auger somple RC Rock core TP Piston, thin walled tube sample
CS Sample from cosing %% Hecovery TW . Open, thin watled tube sampie
ChS Chunk sample S5 Split spoon somple WS Wash sample
SAMPLER r“:‘f’%‘v‘-‘“‘é%ﬁ ey :rz*szu::ﬁ“ : gsﬁ\sﬂzgvg:{oiess Steady pressure é Washwater
’ returns
: g oty oo E
bd  prassure H ‘?ﬁagwaief
PENETRATION RESISTANCES.
. SYMBOL :
DYNAMIC PENETRATION RESISTANCE : o drive 0.2'4, 60% cone oftached fo the end of the -
drilling rods into the ground, expressed in blows per foof, L—“'-'-z____
STANDARD PENETRATION RESISTANCE ,-N-: o drive o 2" oulside dia, spiit spoon sempler o o
i foot info the ground, expressed in blows per fool. e

EXTRAPOLATED ~N- VALUE
The energy for the penetfration resistonces is supplied by o 140 1b. hemmer foling 30 inches

SCil. PROPERTIES.

W %  Water content ‘é" Notural bulk density {unih weight} ¥ Coeff. of permeability

LL %  Liquid fimit e Veid rotio C  Shecr strength — interms of
PL%%  Plastic limit RD Relative density $  Angle of int. friction— total siress
Pl'%  Plosticity index Cy  Coeff of consolidation ¢’ Cohesion in terms of

Li Liquidity index m,  Coeff. of volume compressibility %' Angle of int. friction]  effective stress

UNDRAINED SHEAR STRENGTH.
— DERIVED FROM ~—

TRIAXIAL UNCONFINED LABORATORY FIELD POCKET
~ N -~ FPENETROMETER
COMPRESSION TEST st st VANE TEST ot TES;"
$
® @ X + -
Strain of failure is re ed 2_2?/“ St sensitivity = shear strength in undisturbed stote
by direction of stem 15%'0;0/5‘% shear strength in remouided stote
0%
SOiL. DESCRIPTION.
COMESIONLESS SOILS:  RD: COMESIVE SOILS : ¢ 198/t
very loose C~15%, very soft less thon 250
Loose 15~359, Soft 25G - 300
Compoct 35-65%, Firm 500 — 1000
Dense 5585 Y% Stif GO0 — 2000
Very dense 85 -100% Very shff 2000 - 4000
Hard aver 4000

DOMINION SOIL INVESTIGATION LIMITED
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