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Materials and hesesrobh Divislan

Geoeon, Limited,
i% dsas Losd,
Foxdsle, untaric,

£, of 3 ctes District %, Torenmtc,

Flease ecnsider this your authcrity to carry cut a
foundation investlgation at the sbove site. Flang and srofiles
ware provifed Lo your represanistive, March 26, 196z,

It is mmderstood thet & guelified Hells fnginesr will
be in churge of the fleld werk st all tizes,

Fourtesn soples ef the conpleted foumndatiun report shoule
ba subsitted to the Foundation Seption a3 soon 85 possikle.
Previous reguirements ss to Frelicizary boerehole inforszeticn and
Leboratory testing sregraz, should be followed,

., Ubarges for the werk performed will be in acgurdancs with
your “cheduls of Lates, dated otuber, 1960, and inveice to be
sddressad to the attention of the undersigned.

#¢ would alss advise that we now reguire that burehols
laceticns be confirsmed by District personnel. Wonle you therefore,
adv¥ise this office befurs cempletion of the dritling, in order thal
this =zay %e arranged and wndertaker whils your Lngineer iz still
ar the sits.

Yours very truly,

cer Hessra. 5, ¥oCombis
ie L. Canmpbell
Lo Fraser

Te 4+ Eovieh
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e Dy Semith (2)

Hrs, T. Tate )
Foundaticns Lffice™
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Yr., 4. ¥. Tove, Hay 2%, 1962,

Eridee Tnginees: TR vt e T v e o ‘ .
Eridge Ingineer. ADDITICHAL BEVIEW OF SUILS
“aterials & Fesearch Divisicn, FEFUET BY GECLCUR, LIT.

{Fourdaticrn Section)
£

%8 fad 3 2 Y
Blope: My o Droabski

Fe: Lllowable ZBearing Cepacity,
Tetainine Walls and EBridge Abutments,
CuliI, uverpass - Zast of Keele Strest,
Hel, 230-€0, Tistyiest Mo, £

The above repoert was reviewed again and it was con-
cluded that a sharp division of bearing capscities along &
certain slevation is urjustified because the surface «f the
t11l layer s not herizontal., The proposed elavailon of %9C
iz in places, even within the fill material and certainly
L,O T/sg.ft. would not be allowable in such & material.

It ig therefcre concluded that the foolings should be placad
on top of the dense till layer as 1L appears - i.e., the
Toctings should follew the contours of this contact. The
desioner hes followed thnis apprcach,

‘ Becauze ¢f the unusual belght of the retaining wall
{40 7t.) even small differential ssttlements of the Pcoting

will be noticeable or the wall and 1t i3 therefore recommended
that & greater facior of safety - 1.8., 2 smaller bearing value

ve used. 5 value of 3.0 T/sc.ft. is recomzmended, EHowever,

tne arove-mentioned has a such smeller effect where ths heipht
¢f the wall 1s smaller and a higher bearing vaelue can therefore
be used. It 1s recommended that 4.0 T/sg.ft. be used for
retaining wall foctings wherever the height of the wsll {c 1% fest
cr less, The value ¢f 1% feet is chosen arbitrarily.

Jome of the above conclusicons were already lncorporated
iminsery desien and Lhe rest was apreed upon with the
over the telephone on May 23, 1962.

e

Frpoa e R
(SRR - e /
TTEST DAY ST TR TR
W T £ Y N 2 B T
ser Fourdaticns _ofice FRINCIPAL ATIOH BRGIVEER
Gan. Files.




‘e Eng.,

Sanior

B g

Dear Sira:

Farther

L bes Fg M oF g

ﬁi«
Efv
<4
%

the
e W
helow slevaiion

awt considers

g
E

a 3 ﬁ :.
ard our telsphone letior
discusses how Lhe o v i e ot
Ea

Lhe ﬂ@ﬁﬁ&@%
wet of the f

¥
g s 24 (G B e

23 o

above slsvation S90 at 4.0 toms per sguare foot, the maxiss :
Sowever, it ia &ﬁﬁ%?w

ffected by any 3%3?@&

oundsd %9}mw slsvghion f%ﬁ,

gensraily alliowed on the ?Qrmﬁ»@ pres £1i1is
stocd that considereble savines could be ef)
£

Lkt I

wabie bearine valus for footings

#
T
i

% rﬁaai $ &

g
I

o
Yk
st 4}
e
3
]
'§
s
i

o
@ er oot

Fsg ﬂE&V&

R B f:z”
o

b g
i w
&
b
T
[
o
fod E-ay g,ﬂi
£, ¢

i

3 rown Lo grey
ngths pear %h& surface are

i

mﬁ“{:,nb



&

e B

ol o
&5

Untar

¥

SR

QU P

shren
ey A

3 B w

3

comprs

L

rom &b

@
d

ve Low

|5
1B RVOPAZe

¥
i

1

more approximate method, of

b

¥
tabule s

3
i

L
w

4

R L

weaidd

21

T %L

begring

imaly

i}
Sl

1

s

lal

ava i

o
&
=
]
o
s

Py

ion g

.Mw
p
& et
A
i

fea, 1,

Lo
8%

w

W

A7

e e wn
% ¥ * %
o SR

T e
w5 1 e

o ;
I I
1%

gy

=2
b
b

e ohino

&

£

B

Lets




TBO VALLEE BT, MONTREAL 18, QUEREC
TELEPHOME LN, S-7882 . 1438 WEST PENDER ST,
VANCOUWVER & 85.¢.
TEL. MU, 1 08928

Rexdale, Ontario,
May 3rd, 1262.

Lepartment of Highways, Ontario,
Materials and Kesearch Section,
Downsview, Ontario,

Attention: Mr, 4, G, Stermac, P, Eng

Lo

Frincipal Foundation Engineer,

o

Re: Allowable Bearing Capacity of Fiil,
Propcsed Retaining WwWalls,
C.x.R, Overpass - East of kesle Street,
¥.P, 230-60,

Downsview, Ontario,

Dear Sirs:

Further to the telephone conversation of April I7th,
1082 between your Mr. Stermac and the writer, we have, as reguested,
looked into the possibility of increasing the allowable bearing
capacity of the fill at the subject site above I ton peEr Sguiie

foot. We understand that consideration is now being
founding the proposed retaining wall in the fil f
sent ground lewvel,

Jomd
e

The resistances teo the dynamic penetration test were
generally slight to meoderate in the fill and increased rapidliv
with penetration into the natural till stratum, The Hy® values
as ohtained in the fill ranged from 5 to 2% with an avarage valus
of 15 blows per foot. Based on these resistances and assuming

f=3

the material t£o be cohesionless, an allowable bearing value of 1
ton per square foot was assigned to the fili,

4s a further check the strength properiies of the
£fi1l have been examined by carrying out unconfined compression
tests on intact portions of the fill, The resuits are given
below together with the corresponding "N value obtained for

the sample:

BT JORN'S HEALIFAX BN TREAL TORCNTO VARCOUVER
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537D

HEAD OFFICE

DISTRICT OFFICES

14 HAAS ROAD
REXDALE, TORONTO, ONT.

TEL. R44-8478

180 VALLEE ST, HMONTREAL 18, QUERZS
TELEFPHONE UM, 57532

1425 WEST PENDER ST,
VYANCOUVER 3, B.C.

Rexdale, Ontario, YEL. 1aU; i-aons

April 24tn, 1962,

bBepartment of Highwavs, Ontari
Materials and Research Section
dJownsview, Uniario.

G,
3

Attention: MNr. 4. G, Stermac, P. Eng.,
Principal Foundation Engineer.

Re: So0il Conditions and Foundations,
Proposed Widening Highway #401,

Efn&nﬁrwﬂxatggss -~ East of Keele Street,

WP, 230~

Downsview, Ontario.

bear Sirs:

This letter accompanies our detailed report coverins
t. . investigation carried out at the ahbove site

We find that the site is covered by 4 to 9 reet of
loose to compact Silty till fill which is underlain by compact
to denmse silty till to the depths investizated. The groundwater
tabie at the time of the investigation was within 4 feet of
ground surface.

As discussed in the report, the silty £ill stratum is
suitable for the founding of the retaining walls and abutments
at the recommended bearing capacities. The resulting settile-
ments should be within tolerable limits Recommendations are
also given in the report for the lateral forces to be used in
design of the retaining walls.

We believe that this report gives all the infersaliou
iecessary for safe and economical foundation desiyn.  If we can
be of any further service, howsver, please do not hesitate to
call on us.

Yours very truly,

B
g,xﬂ . WA %»N }5; Qij

. J

JCO/w . C. Osler, P. Eng., g
D3N Division Engineer. o
ST. JOMN'S HALIFAX MONTREAL, TORONTO VANCOUVER
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REPORT
1o
DEPARTMENT OF HIGHWAYS, ONTARIO
OXN
SOIL COXDITIONS AND FOUNDATIONS
PROPOUSED WIDENING HIGHWAY #401
C.R.R. OVERPASS - EAST OF KEELE STREFT
W.P. 230-80

DOWESVIEW ONTARIO

Distribution:

14 copies ~ Department of Highways, Ontario,
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Geocon Ltd has been retained by the Department of
Highways, Ontaric, by letter dated March 30th 19062, to inves-
tigate and report on the spil concitions north and south of
Highway 401 in the vicinity of the {,N.R, underpass, east of

Keele Street in the Township of XNorth York, Ontaric.

The object of the investization was to determine and
interpret the soil conditions as they affect the desimn of
foundations for the proposed retaining walls and bridge abut-

ments necessitated by the widening of Highway 401 in this area.
PROCEDURE

The field work was carried out betwsen March 27th
‘ and april 2nd, 1962 and between April Oth and April Gth, 1962,

A total of fourteen boreholes, each with an accompanving
dynamic penetration test, was put down using a mobile power
auger. The location of the borings and the inferred s0il
stratigraphy are shown . Urawing 57350-1 located in the
pocket at the rear of this report., Detailed logs of the
borings are given on the Office Reports on Soil Exploration
in aAppendix I.

The laboratory testing was carried out in the Toronto
Soil Mechanics Laboratory of Geocon Ltd and the results are
plotted on the Office Reports in Appendix I and on %he Figures
in Appendix II. The soil samples remaining after testing will
be stored until hovember 1st, 1962 at which time vou will be

contacted for instructions regarding their disposal.

GECCON




PRMCEUURE {continued) :

e

borsholes are referred to a
the conerete bhridge
the elevation of this

L demevdet so gt ann

personnel aw! cheokeod

o

of the Departoent of jlighwavs, Ontaric.

15 doveated about 1/2 mile eszst

=

e S e Ty o bR R JU . 5 S, 1
dUL, i the downship of horth

York, Ontaric. The ground surface in the region is relatively

r
flat to the north, east, and south and drops off to the west

<

From available geclogical information and previous

work in the ar i covered by a

deep deposit of glacial drift consisting of several till sheets
e

separated by interglacial or int

e privcipal s0ill strata as encountered in the Lo
b3 §

at the toe of the pressnt smbank-
ty

e

r of topsoil from 2 to 4 inches in

vsorehcle 10, which was put down in a marshy
5L &

; Lhe uppsrmo tratum 1s peat, being composed rainly

GEOCON




S0IL CORDITIONS {comiinued)

a3
s

Iopscil and Peat {continued)

of decaying organic matter., The thickness of the peat
2t the location of boreheole 10 was 10 inches.

Locse to Compact Silty Till Fill

Underlying the peat in borehole 10 and the topsoil
in all the other boreholes except number 11 is a deposit
of brown till fill, The fill is believed to have been
placed during the general grading of the rightecf.way.
The fill is basically & reworked silty till and as such
is quite similar to the underliying material in grain
size distribution, The fill is quite uniform in COMPBT
sition with very little foreign or organic matier nresent,

. though lenses of sand frequently occcur. The fill is
generally brown in coliour except for some locations where
mixing of grey and brown till has produced a mottled
coleuring. The thickness of the deposit as encountered
ravged from 4 te ¢ feet,

Standard penetration tests performed in the fill
gave "K® values ranging from § to 25 blows per foot with
an average value of 135 blows per foot. Based on these
X% values and the results of the dymamic penetration
tests the relative density of the fill is estimated to

range from loose to compact,

For design purposes; the fill can be considered as
cohesionless with an angle of shearing resistance of 30
degrees., The wet and submerged unit weights are estimated

po

to be 123 and 63 pounds per cubic foot, Considering a

GEOCON|




CONDITIONS {(continued} g.

b

Loose to Compact 3ilty Fill {continued)

wall friction of 10 degrees the coefficients of earth
pressure for the “active®, "at.rest® and Epassive® pases

can be taken as €., 0.5, and 4.0 respectively,

2o ft Orpanic Clav

A& culvert, which is fed from ditches running in east
and west directions passes below the embankment betwes:
borencles 10 and 11 as shown on bBrawing $7350-1. Borehole
11 was put down in the vicinity of the diteh and a laver
of dark grey organic clay was encountered immediately
below the topsoil. 4 similar ceposit may be encounter=d
along the rest of the ditches. The thickness of the

stratum as encountered in the borehole was 5 feet,

4n Atterberg limit test was carried out on a sample
from the organic clay and gave a liguid limit of #2 and
plasticity index of 46. The corresponding natural mois-
ture content was 45 percent, These results indicate that

the clay is highly plastic and highly compressible.

One standard penetration test carried out in the cla
gave an "N value of 4 blows per foot., Based on these HN®
value and the results of the dynamic pepetration test the

congistency of the clav is mstaimated to be sofi.

Compact to Very Dense S5ilev Till

s2il stratum at the site is a brown Lo
‘he ©ill was found immediately below

i T
the ©ill fiil in all the boreholes except number 11 where

[GEOCON
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CONDITIONS {(continued)

W

Compact to Verv Dense

s
ot
-+

v Till {continued)

1t was eéncountered below the organic clay. The till is
brown at the top of the stratum and changas Lo grey with
depth, except in borehole 12 where the colour is brown For
the full depth investigated, Elsewhere the change in colour
coours at depths within the stratum ranging from 1.5 to 15
feet. The brown colour is believed to be due to weathering
of that part of the till which is above the water table at
certain times of the vear., As the brown and grey tills are
Simiiar in composition they have been described here as one
stratum. The full thickness was not determined as all bore.
holes were terminazted within this stratum at a maximum depth
of &3 feet,

Iwo mechanical analyses were performed on samples from
either end of the site investigated and the results are
shown on Figure 1 of Appendix II. These till samples
proved very similar in grading, containing about 15 percent
And and gravel sizes, 45 percent silt sizes and 20 pereent
clay sizes. The samples tested are believed £o he typieal

of the vill stratum as & whole.

Fouyr atterberg limit te wers carried osut on the
@

d portion of typical samples from widely spaced

#
%
o4
k]
o
b
&}
o
214

“
o

noth horizontally and vertically, and the
« &

B

liguid limits were found to range from 19 to 22 while the

plasticity indices ranged from & to ¢. The corresponding

natural moisture contents ranged from 10 to 12 percent,

These test results indicate further the very regular com-
G

sition of the till stratum across the site,

CEOCON
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CONDITIONS {(continued}

Compact to Very Dense Siltv Till {continued)

The wet unit weight of the material was found Lo rangs

4y

from 142 to 139 pounds per cubic foot with an zverage valus

f 144 pounds per cubic foot,

£

Standard penetration tests carried out in the stratum
gave XY values ranzing from 12 to 73 blows per foot with
an average value of 3% hlows per foot, The low value of

was gbtained at depth in borehole 1 while the high value

73 was obtained in the brown degiccated till in borehole

£ b
oy fed
Egk

-

5« T%he gemeral trend is that the blow count is hi gh in the
brown till and decreases with depth. Howsver, ssveral of
the boreholes show no decrease in "X% values with depth,

On the basis of thess "N% values the relative density is
estimated to range from compact to very dense and to be

generally dense.,

Unconfined compression tests were carried out on 12
samples of the siltv till and gave a maximum compressive
strength of 7.4 tons per square foot pear the top of the

Stratum, decreasing to 1.4 tons per square foot with depth,

3

The results are plotted on the borehole logs and on the

fot

strength versus slevation plot of Figure 2 Appendix I3

together with 8 decign strength line. The res

s clearly

lc_ml

indicate the presence of a desiccated crust about 25 feet
thick. Representative SLress sSLraill CUPves are shown o

LY

Figures : and 4 of Appendix I1. Generally failure took
place at high values of strain as a result of unavoidahle

disturbance during sampling.

GEOCON




i
[
oof
{ﬂ»'i
[
L]
=4
P
(]
4
)
[
i
i
-
W)
jn
pes
ot
s
©
i)
£,
¥

&)

Compact to Very Dense Silty T3l {continusd}

One consolidation test was performed on a typical
sample from the ©ill and the results are shown on Figur
5 of Appendix II. The compression imdex (C. b as €03
which 15 very Jow, indicating that the till is rejatively
racompressible.  This resuit is consistent with the low
Liguad limit of the till The e.log p curve alss
sungests that the 111 sample was consclidated in the past
Lo a pressure 1 to § tons per square foot in excess of the

present overburden pressure.

For design purposes the s2lty w21l can he cornsidered
cohesionless with an zn gls of shearing resistance of 34
degrees. The wst and submerged unit weights can be taken
2s 149 and 7% pounds per cubic foot. Considering 2 wal
friction of 10 degrees the coefficients of lateral earth

pressure for the till may be taken as 0.23

. 9.5 and 5.0
for the “active®, “at.rest’ and "passive ® conditions res-

pectively,

WATER CORDITIONS

During the period of the investigation, the groun

w g Yo -
:  Howevar, the colour
ChEnGgE Trom bBrown Lo grev, whioh probably indicates the low

Iy
o)
v’
i
[
Tk
it
4
a
Y
s
et
[el
i3}
ks
P
e
ot
5
o3
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nis, 2t 10 to

8
low ground level though ganerally ahout 15 Feat
# &
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DISCUSEION

It is understood that because of the limited width

£
z
b
[N
%
has

ol

of the right.of.way, the propossd
A b

i o
necessitate the construction of retaining walls in the viginity
of the C.N.R. underpass esast of Keele St t

= ree The location of
these structures 4s given Lo us are shown on Brawing $7350.1,
at the rear of the report. It is alse understood that the

height of the retaining walls will range from about ¥ to 12
feet and that thev will he contisuous except 3n the north east
section where for & section 212 feet long, sufficient right-of.
way will be available to allow the embankment to be constructed
without the use of a retaining wall,

The brown to grey s31ilty 1

Pt

stratum 18 suitable for
the founding of the proposed revaining walls and bradge piers.

Fewsd

The foundation level would then be smmediately below the i1l
and thus would range from about elevation 55% to 3599 or 4 to ©
feet below ground level. Far adeguate frost protection all
footings and piers should be provided with at least 4.0 feet of
sarth cover below final grade, Based on the X" values and the
measured shear strengths st and below the above foundation ele..
vations, a2 net allowable bearing Dressy of 4.0 Lons per sguare
foot may be used in design for footings Founded at or above le.
vation 580 and 3.0 tons per sguare foot foar footings founded
Tio

on 590 and above elevation 570,

Setitlements. resulting from the widening of the em.
v <

aiculsted for below the shoulder of the

extended embankment and at the centreline of the highway. For
calculation purpos the compressible t111 laver has been

assumed to be 100 feet thick and to be preconsoclidated to 2.0
o

GEQOCON




fcontinued:} G

consolidation settlements for the full width of proposad emo
bankment are 3,4 amd 1-1 2 inches at the shoulder and centre.
Iin

e respectively. However from past instrumentation of 3

i
gimilar embankment . it has heen obserwved that the caloulations
e

sverestimate the sstilements tha

tually occur, probably due

t
te the spreading «ffect of the sti « In any case  much

£
of this settlemens will have taken place already at the centre.

i

i

line of the existiag bridge abutments and the effect of widening

the embankment fill at the same herght would be to redugse the

differential settlements slons the abutments. However, ex
B3

4
tion of the underpass and wing walls has revesled several hair-

¥

ine vertical or near vertics

o

cracks.  These existing ecracks
SUZgest that some movement of the abutments and wing walls has
taken place and it is recommended that a structural inspection

be carried sut befo design,

!3?(

Provision should be made teo zccommodate differergial
£y

movements Detween the old and new portiens of the overpass.

It 18 recommended that 2 careful inspect

Linn be made vo guard agaiy

i
terad they should be excavated and replaced by lean concrete or

larze . consideration could be
s

zining walls on the

GEOCON




Lill f211. Adequate construction joints should be pro-

ided between adjoining portions of 2 wall founded partly on
111 and partly on the natural till. hgain, a cover of 4.0
should be provided for frost protection. In no cise should

foundations be constructed on organic soixl such 48 the organice
clay encountered in barehole 11

HSue to the generally low permeability of the t11l
stratum and of the existaing fi1ll. no major difficulty is an.
Crcipated with inflow of groundwater during excavation, Hows.
ever, it is recommended that a thin laver of lean concrete he
poured immediately the encavation is down Lo grade to prevent
softening of the underlying tiil.

It is recommended that 3 drainage laver be provided
behind the retaining walls consisting of a clean granular

materizl lighily compac

ted 1n 12 inch 1ifts. Provision should

be made to ensure draimage of the fi11l at the footing elevations,
For design of retaining walls and abutments it is uggested

thet z value of the gnefficient of szrth pressurs ., Ko of 0,5

be used for the backfill.

It is recommended that the organic socil which sccurs
in the vicinity of boreholes 10 and 11 be stripped hefore con-
struction of the ewbankment in this locality.

COXCLUSIONS AND

1. The site s generally covered by a 4 to & font
thick deposit of loose to compact brown silty £ill £i11., The
f11l is underlain ty 3 stratum of compact Lo very dense brown
to grey silty ©ill which £xists to the depths investigated,

'GEOCON




CONCLUSTIONS AND RECOMMENDATIORS {continued) 11
4. A% the tims of the investi gation, the groundwater
table existed withaip the Fil

1 material, generzily st a depth of
&

de The silty £1ll stratum is suitable for the founding
the retaining walls and bridge piers, 4 pet allowable bearing

i
apacity of 1.0 tons per sguare foot 15 recommended above elevs-
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4. Some odditional settlement will osecur 4% & result

of the widening of the embankment. As discussed the estimater

5
1&«44-

total settlements should be within tolerable izmits,. The effect
of widening the embankment should be to reduce the differential
settlement

Recommendations for the lateral forces to be used
in design of the retaining walls and the abutments are given

in the report,

&. The organic soils encountersed between stations

176+00 angd 181430 on the north side should be removed from

beneath the proposed embankments.
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OFFICE KEPORTS 0N SOIL EXPLORATION
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EXPLANATION OF THE FORM
"OFFICE REPORT ON SOIL EXPLORATION®
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