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Memorandum

GLOURES Moy

From: S0i1 Mechanics Section,
Geotechnical 0Office,

Date: November 12, 1975.

West Building, Downsview.

Attention:
_ N
LAY
- OurFile Ref. W.P, 903-72-18 in Reply to
Subject:

PRELTMINARY FOUNDATION INVESTIGATION REPORT
for

Feasibility Study of 7.C. Hwy. No. 17
(Proposed 4 Lanes)
Garden River Indian Reserve
District No. 18 (Sault Ste. Marie)
W.P. 903-72-18

Due to the urgency of this project we are forwarding to you a
report containing the subsoil description and the recommendations
which are based on the information from the field, which are based
on the field data without any laboratory tests to determine the

engineering properties of the subsoil.
the data contained in this report will be adequate for your

However, in our opinion,

evaluation with regard to feasibility studies on this project.

It should be noted that the recommendations given in this report

are of a preliminary nature.

A complete foundation investigation

will be necessary once the alignment and geometrics are finalized.

cc:

/?) ?/h/‘f(

M. DEV
Superv1s1ng Engineer.

Orr,

Davis,

Lees (2),

French,

Giroux,

R Morgenroth

G.A. Wrong,

R. Hore,

McCormick, Rankin & Assoc. Ltd.,
J. Anderson ) _

N.G. Maluzinsky) memo only
G. Sloan
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C.:i'T'lI—DUC.:

Files,

~ Record Services.
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PRELIMINARY FOUNDATION INVESTIGATION REPORT
for

Feasibility Study of T.C. Hwy. No. 17
(Proposed 4 Lanes)
Garden River Indian Reserve
District No. 18 (Sault Ste. Marie)
W.P. 903-72-18

1. INTRODUCTION

The Soil Mechanics Section was requested to undertake a pre~
Timinary foundation investigation to investigate the feasibility of
two alignments, namely, Scheme 'A' and Scheme 'B' for a proposed
crossing of the Garden River by Hwy. 17. This report discusses the
findings of this preliminary foundation investigation.

The locations and elevations of the boreholes are approximate,
and are obtained from the plans and profiles prepared by McCormick,

- Rankin & Associates, Consulting Engineers.

Due to the urgency of this project, laboratory tests have not
been carried out to determine the engineering properties of the subsoil.
The recommendations and other related data contained in this report
were already discussed orally between Messrs, M. Devata, W.L. Lees and
D. Jarvis in the Thunder Bay Regional Office, on October 8, 1975,

~ immediately after the completion of the field investigation work.

2. SUBSOIL AND GROUNDWATER CONDITIONS

A total of five sampled boreholes were put'dpwn during the”

" course of the field investigation. The borings were advanced by means

of a bombardier mounted auger machine commercially known as C.M.E. No. 55,
“Tadapted for soil samp11ng purposes.

The pert1nent boreholes for each of the respective preliminary
alignments of Scheme 'A' and Scheme 'B' are as follows:

Scheme A (Sta. 287+00 - Sta. 322+00) - Ref. B.H.'s No. 1, 2, & 5
Scheme B (Sta. 287+00 - Sta. 320+00) - Ref. B.H.'s No. 3 & 4



The results of the field investigation are summarized on the
Record of Borehole Sheets and on Dwg. No. 9037218-A attached to this
report. _ _

The subsoil across both schemes consists generally of granular
material ranging in size from sandy silt to sand with trace to some
gravel. The granular deposit in the old river valley area (Ref. Scheme
"A', B.H.'s No. 1 & 2) is underlain by a cohesive layer of clay to silty
clay. B.H.'s No. 1 & 2 were terminated in the clay layer, and thus the
lower boundaries of the cohesive stratum were not established.

3. DISCUSSIONS AND RECOMMENDATiONS

(3.1) General

- Two possible preliminary alignments are being considered,
namely, Scheme 'A' and Scheme 'B', for the relocation of Hwy. 17
in the Garden River Indian Reserve area. The proposal in th1s,
area calls for the construction of a new four lane Hwy. 17 as
a divided {100' median) controiied access highway within a 300
foot right-of-way. Preliminary plans and prof11es were developed
by McCormick, Rankin & Associates, Consulting Engineers, who are
involved in the feasibility study of this pr&ject.

| The centreline of the proposed preliminary Scheme 'A’
runs parallel to, and about 250 feet north, from the centreline
of the hydro right-of-way (Great Lakes Power Co.). Scheme 'B’
runs further north, and within the area concerned, its distance
from the hydro right-of-way varies from about 600 to 850 feet.

At this stage, the specific design details of the proposed
structures are not available. However, it is understood that a
separate three span structure is being considered for E.B.L. and .

—  W.B.L. of Scheme 'B'. For Scheme 'A' it is propoéed to build a
4 span structure for the W.B.L. and a three span structure for the

~ E.B.L. Each scheme requires construction of embankments, cuts,
and structures for the river crossing.  Presented below in tab-
ular form are the recommendations pertaining to stability and

“settlement considerations for the embankments, stability of the
cuts, and also recommendations for the structures and- immed1ate
approaches needed for the Garden River crossing.




(3.2) EMBANKMENTS
Subsoil & Désign Data

B.H. 41 B.H. #2

Scheme ‘A’
Embankments
Sta. 287+50

~* to Sta.
304+00 %

(Ref. B.H.#1
& 2)

(585.0)  (584.5) Ground elevation
0-33 ft, 0-17.5 ft. Sand, trace to some

gravel, very loose
to compact

33-44.5 ft. 17.5-49.5 ft. Silty clay to clay,
firm to very stiff
(583.2) - (583.5)  Water level elevs.

Existing ground: varies from elevs. 581 to 590
Proposed grade: varies from elevs, 600 to 613

- (Hwy. 17N)

Scheme 'B'
Embankments
Sta. 287+50

+ to Sta.
301+30 =

No borings were carried out in this area.
However, visual observations indicate that
the subsoil in this area consists of sand and
gravel. This is evident since this area is
used as burrow pit by the C.P.R.

“Existing grdund: varies from elevs. 600 to 620

Proposed Grade: varies from elevs. 617 to 624
(Hwy. ‘17N) '

Discussions & Recommendations Remarks

Embankment heights of up to The area concerned
31 ft. will be required to lies in the vicin-
meet the proposed profile ity of the oxbow
grade. Stability analyses lake area. This
indicate that the proposed portion is also

i1l heights will be stable part of the old
with 2:1 slopes, provided that river valley. Any

‘the i1l material consists of surficial organic

acceptable earth material com- material shall be

pacted to the M.T.C. _ required to be ex-

specifications. cavated prior to the
, embankment construc-

Clay stratum is compressible  tion. This aspect

& will undergo settlements due was not investigated

to consolidation. For a 31 ft.

embankment 4-5 in, settlement

are anticipated (50% occur in

Embankment heights QE]%e%QQ%HS)
are in the order of about 15 ft,
However, in some localized areas,
fi11 heights of up to 18 ft. will
be required to meet the proposed
profile grade.

No major stability or settle-
ment problems are anticipated.




3.3) CUTS
Sgpsoil_& Design Data

Existing ground:

‘Scheme 'A'  No borings were carried out in this area.
However, visual observations were made to
Cuts determine the surficial soils encountered
~in the vicinity of the area concerned,
‘Sta. 302+40 The material to be excavated is expected
+ to Sta, to consist predom1nant1y of sand to silty
. 307+60 .+ sand
Existing ground: elev, 635
Proposed grade: varies from elevs. 598
to 600
(Hwy. 17N)
Scheme 'B' B.H., #4
Cuts, (635.0)  Ground elevation
aniaen 0-15.3 ft. Sand, trace to some gravel
itgg gg;TBO loose to compact. ’
309+50 15.3-18 ft. Silty clay to clay, firm.
_ . 18-22 ft. Sandy gravel with cobbles
;E?f. B.H. N dense. *
22 ft. Encountered refusal to augering,
. probable boulders.
B.H. dry

elev. 635

Proposed ?radé: varies from elevs. 617 to 623

(Hwy. 17N

Discussions & Recommendations . Remarks

Cuts of up to 35 ft. will be
required to meet the proposed
profile grade. .

Stabi1ity problems are not

,anticipated for the cuts in this

localized area, if constructed
with 2:1 slopes. Protection of
cuts from erosion due to surface
water runoff may be required.

Cuts of up to 18 ft. will have to
be made to achieve the proposed

. profile grade.

Stability problems are not
anticipated for the cuts con-

. structed with 2:1 slopes.

No major dewatering problems are
anticipated for the construction

of cuts. in this area. Protection

of cuts from erosive forces due to
surface water runoff may be required.

ot s 1 SR e @ et
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(3.4 a) GARDEN RIVER CROSSING

Scheme 'A' (Ref. B.H. #5) - Sta. 310+00+ to Sta. 325+00+

Subsoil & Design Data/
(635.0)
0-96.5 ft. Sand to silty sand,

Ground elevation

very loose to compact.

(622.3)

(587) River water level
elev. ’ '

Water level elev.

Existing Ground - east-approach
area: elev. 635.

west approach area: varies from
602 to 613. _

Proposed grade - east approach
area: varies from 618 to 630
west approach area : varies
from 602 to 613,

Structures: 4 span with a to-

tal length of about 520 ft.
(WBL), and 3 span with a total
length of about 255 ft. (EBL).
Proposed grade varies from
613 to 619.

Discussion & Recommendations

Structure

Due to the loose nature of the sandy, subsoil, spread
footing type foundations are not recommended at this
site. In the vicinity of the east abutment an end
bearing stratum is not evident in the material
sampled. :

Foundations for the abutments and piers, if supported

on No. 14 timber piles and driven to an embedded
depth of 45 ft., will provide an allowable load of
10 tons per pile. Alternatively, end bearing Franki
type expanded base piles may be considered at this
location. For example, a 16" P rammed shaft could
develop 75~100 tons per pile provided it is extended
some 25 to 30 ft. into the granular deposit.

Approaches

Cuts up to 15 ft. will have to be made on the east bank

to meet the proposed profile grade. Fills of up to
23 ft. will be required on the west bank to arrive
at the profile grade. No major stability or settle-
ment problems are anticipated. ,

Remarks

The river meanders at this.
crossing. The river §
widths at the proposed
structures locations
are about 360 ft. (WBL)
and 100 ft. (EBL). The
banks on the east side
of the river are about ,
53 ft. above the river :
bed in certain locations, |
The east bank has natural
¢lopes steeper than 1:1, .
and has eroded away to §
quite an extent at places, '
due to surface runoffs.
H



(3.4. b) GARDEN RIVER CROSSING
Scheme 'B' (Ref. B.H.#3) - Sta. 305+00+ to Sta. 320400

Subsoil & Design natm/ Discussion & Recommendations

B.H. #3 ‘ ' Structure
{600.0) ~ Ground e1évation. ~ Due to the loose nature of the'sandy type subsoil,

spread footing type foundations are not recommended

0-5 ft. Sandy silt, very loose at this site.

5-32.5 ft. Sigeé1tr?ggs§o SOME It s recommended that the entire structure be
' g s ‘. supported on end-bearing steel piles driven into the
32.5-41.5 ft. Sand with gravel  dense to very dense sand with gravel stratum. For

dense to very dense. feasibility purgoses, it is estimate? thatltha max-
' imum allowable loads for the particular pile section
(587) . Water level elev. chosen will be achieved at approximate elevation 550.
(587) River water level _ : .
elev. ’ Approaches _
gﬁggying1gcnuggom east approach Cuts of up to 18 ft. will have to be ?ade on the
’ hoaveas o - west bank to reach the proposed profile grade.
west approach area: elev. 635 Comments on this have been discussed elsewhere
Proposed grade - east approach = under the heading "Cuts". :

area: varies from elev. 626
to 634,

west approach area: varies
from 618 to 623. '

Structures: 3 span with a total
length of about 320 ft. {(a .,

Shallow cuts of up to about 11 ft. will be required

- on the east bank. No major stability problems are
anticipated for cuts constructed with standard '
slopes of 2:1.

Fi}?s of up to aaout 30 ft. wi}] ge requiredNin the
valley area on the east side of the river. No
Etguﬁtgre'giggoggg g;gatbvgries major stability or settlement problems are

from 623 to 626. anticipated.

ﬁemarks

The river at this crossing
follows a fairly straight
course. The river valley -
has a bank to bank width
of about 600 ft., while

the river itself is about
120 ft. wide. The valley
floors on the east side of
the river have slopes of
about 4:1. The river banks
are up to about 54 ft. in

height above the river bed.

s,

e R S

RS R S



4.

FEASIBILITY OF SCHEMES

Both Schemes 'A’ and 'B' are feasible, but from the foundation

point of view, Scheme 'B' is a more favourable alignment for the
following reasons:

——

1. Borehole No. 3 (Scheme 'B') indicates a suitable end-bearing
stratum for pile foundations at Elev. 550 (50 feet below the
ground surface). Borehole No. 5 (Scheme 'A') was terminated at
Elev. 538.5 (96.5 feet below the ground surface). No suitable
end-bearing stratum was encountered at the location of B:H. No. 5
to this elevation. Therefore, for Scheme 'B', shorter piles
(50.0 feet in length) will be required to support the structure.
Thus, foundation costs for Scheme 'B' are anticipated to be Tess
than those applying to Scheme "A'.

2. The east bank in the vicinity of Garden River Crossingﬁfor
Scheme 'A' exhibits signs of extensive erosion on the slopes due
to surface runoff. Thus, special measures will be required to
insure stability of the bank due to erosion, if Scheme *A' is
‘adopted. '

3. Comparing the existing and proposed profile grades of both
schemes, Scheme 'B' would require less embankment heights and
depths of cuts.

4, Settlement would probably be greater and long-term in nature
in the old river valley area of Scheme 'A', due to the presence of
the underlying clay to silty clay stratum., Settlements in

Scheme 'B' will take place during and immediately after con-
struction. Thus, maintenance costs for Scheme 'B' will be lesser
than Scheme 'A’,

5. MISCELLANEQUS

The various recommendations outlinedin this report are for

feasibility purposes based on Timited amount of field work. It will be
necessary to carry out a detailed investigation when the final design
details are available. Recommendations given in this report are, therefore,



R

‘I' - to be regarded aé conditional only, and as such, are subject to revision
at a later date. _
The field investigation was carried out during the period of

i Project Engineer.
The drilling equipment. used was owned and operated by Atcost
Drilling Co., Concord, Ontario. | o
This report was prepared by Mr. H. Shah, and was reviewed by
Mr. M. Devata, Supervising Engineer. ; '

H. Shap

H. Shah,
Project Engineer.

b

M. Devata,
_ Supervising Engineer.

November, 1975

e e

October 1, 1975, to October 9, 1975, under the supervision of Mr. H. Shah,
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OFFICE REPORT ON SOIL EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICAT!ONS-»ONTARIO

ENGINEERING SERVICES BRANCH - GEOTECHNICAL OFFICE - SO MECHANICS SECTION
RECORD OF BOREHOLE N2 1

903-~72~18 LOCATION_ = Co-ords. 916,885 N; 962,628 E. Scheme 'A' ORIGINATED BY BS

WP
DIST___ 18 pwy 17 BORING DATE __ october 1 & 2, 1975 , COMPILED BY___HS
1 DATUM Geodetic BOREHOLE TYPE Washboring, NY Casing CHECKED BY
{ & IDYNAMIC CONE PENETRATION LIQUID LIMIT cnW [
SOIL PROFILE SAMPLES | B [Resistance piot PLASTIC LIMIT ——Wp | = 5
ol o to 2 20 40 60 80 180 _ JWATER CONTENT.W Zw
ELEV &lw!w |21 2 [SHEAR STRENGTH W ow W 2 | REMARKS
BERTH DESCRIPTION el B < 3 o unconpned + FIELD VANE ‘ y
: : o} 217 1T 8 & |e ouick TRIAXIAL X LAB VANE ' | WATER CONTENT % .,
585.0| Ground Level @i Z | ELEY 400 800 1200 1600 2000 , ' GR SA 51 CL
0.0 Eﬂpﬁm*_%'ﬁ —!.
Sand ~ fine to very 1 188 51 7
fine. s 3 7 58
some :g‘?%v'é_li:ﬂ_‘és} 3 188 6 - -
TIETTEST
N o o s
Loose ) ': 6.188 Z
Compact .....:
BER A EYE B
, 18 185 |14
552,0 v,
33.0 4 ‘ 550
Silt:y‘clay to clay. / 3488 L1
‘ / 16788 112 ' ' .
Very Stiff / >
540.5 /] s
44.5! End of Borehole _ , 340

0
159-5 % STRAIN AT FARURE
10




AAIN!STRY OF TRANSPORTATION AND COMMUNICATIONS=ONTARIO

ENGINEERING SERVICES HBRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION
RECORD OF BOREHOLE No 2

Comords. 917,277 Ni 961,942 E. Scheme
Detober 3 & 4, 1875

WP __ 903-72-18
DIST__18 _Hwy 17

LOCATION
BORING DATE

'A' ORIGINATED BY HS .
COMPILED BY HS

OFFICE REPORT ON 500 EXPLORATION

530

20
150-5 % STRAIN AT FAILURE
10 )

.

DATUM_ Geodetic BOREMOLE TYPE Washboring, NX Caging CHECKED BY,
; & IDYNAMIC CONE PENETRATION LIQUID LIMIT Wi, =
SOiL_PROFILE SAMPLES % |REsisTANCE PrOT PLASTIC LIMIT o Wp | = &
51 ol 3 2o 4o 6o _do_ 100 | WATER CONTENT..W | Z5
ELEV , ' alw|w |31 9 [SHEAR STRENGTH W w oW = | REMARKS
DEPTH . DESCRIPTION 12> 191 3 |o UNCONFINED + FIELD VANE y ,
21217 | 7] & [ auick TRiaxal  x aB vane | WATER CONTENT % w“ -
584.5 Ground Level wi Z 1ELEy 400 80D 1200 1600 2000 - GR SA S1 CL
0.0 TPRpII s _i * 1 -
S_and,lrtracg to some 11 58
grave o 580
- V.looge | -.l2 |58 4
Loose
trace of organics in|* ] 3 |85 | 21 |* o *Coarse
the upper 7 ft. L gravel ob= § -
1 : 570 lzgmctad tz,
. B S vancemen
567.01 . _ R 5 bf the spoo
17.5 . ] in sample
, . / ‘ [¥o.3,thus
Silty clay to clay, / 5 188 4 _ . + edb.7 its blows/f
: _ / wh 0 b count is
oecasional thin / 560 * ousidered
layers of sand / & Ti L PN +55.6 non-represe
& sB.4 ntative.
/ 7 _LTW [ PH
some pockets ] L}
& thin layerg”) 550
| 8 88 [ 5.6
of silt ’t//j/ +iE0.
TTTEETY 9 S8 4
/ * 50 .
Firm to Stiff / 540 +led, 2
. 10.L.58 4
+sh.7
535.0 ,/, + s3L2
49.5 | End of Borehole -



MINISTRY OF TRANSPORTATION AND COMMUNICATIONS=~ONTARIO
ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION
RECORD OF BOREHOLE N2 3

OFFICE REPORT ON 501 EXPLORATION

wp__ 903-72-18 LOCATION Co-ords. 916,805 N3 963,978 E.  Scheme 'B'  opiGINATED BY HS
DIST 18 wwy 17 BORING DATE __ October 6, 1975 ’ COMPILED BY__HS
DATUM Geodetic — BOREHOLE TYPE Mashboring, NX Casing CHECKED BY
o JDYNAMIC CONE PENETRATION LIQUID LIMIT —emeW | 1
SOIL PROFILE SAMPLES | & eesistance piot PLASTIC LIMIT e | &= &
5l o al 3 Zo__4o 6o do B0 JWATER CONTENT_.W | Z& |-
ELEV Jajw | w | D 2 [SHEAR STRENGTH Twe __w W = 1 REMARKS
e DESCRIPTION | +f =] > 1 €] 8 0 UNCONFINED . + RELD VANE ,
DEPTH &2 | 7] & |e quick TRIANAL X LaB VANE - | WATER CONTENT % 4 %
600.0 | Ground Level BRS | Z lgpy | 400 800 1200 1800 2000 { ' GR 54 51 €L
0&0 ’ C-dob : ’ "\
Sandy silt =5 3 .
595.0 | Very Loose
5.0 . S8 g21%*
- 777 | Sand ~ Fine to Mediug -’
Trace -to some gravel.|: 5 Tsa 3 590
v v ,,,,!,,
Loose S DR W TN '
e e e ek F B TES £ >80 )
gilty elay to clayg, .| Q:Q ' ’ 1 853
N T )
. 570
sers| ] 7 tss | 8
32.5 Sand with gravel ,. 2 o
|8 [55 |50
Dense to Very Demse |4 .
558.5 - Y 0 IR TITY] Tosskdibe
41.5 End of Borehole

Note: Three attempts wie
made to set upg t
borehole,in ofder]
to avold cobbles 550
and/or bouldexys '
which are predent \ .
in th upper 5 ift,
of the granulsgr
deposit.

parse gravel obstrugted
he advancement|of the sppon
n sample No.2,|thus|its
Lows/|Ifoot jcount is ¢onw~
idered nofy-reptesentative.

W Rt O

[

20
1590-5 % STRAIN AT FAILURE
10

Wi g e s e g o A 7 R et e




MINISTRY OF TRANSPORTATION AND COMMUNICATIONS—~ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N¢ 4

WP 903-72=18 LOCATION - . Co-ords. 917,138 N; 963,340 E. Scheme 'B' ORIGINATED By HS

. pisT___ 18  wwy _ 17 _ BORING DATE __October 7, 1975 COMPILED BY___BS
oATUM Geodetic . ngHmE TYPE 3%" Hollow Stem Augers CHECKED BY#A‘Q_
= IDYNAMIC CONE PENETRATION LIQUID LIMIT W, =
SOIL PROFILE SAMPLES ) ‘ﬁ RESISTANCE FLOT PLASTIC LIMIT s | &= (:;:»
of o ol 7o o 6o do B0 | WATER CONTENTw | Z 5 _
ELEV gjw|w i3] 2 [ISHEAR STRENGTH We woowW % | REMARKS
DEPTH DESCRIPTION w12 > 1 g 8 |o unconrned + FIELD VANE y
& 217 00 Z | e Quick TRIAXIAL % LAB VANE - | WATER CONTENT % ’,
$35.0 ‘Ground Level % Z feipy ] 400 800 1200 1600 2000 GR SA 51 CL
0.0 | gand,trace of gravell ' _ _ 5
_Loose | 1 1&g ] o ]
Compact . 5g L 18
{3 [ss 114 T
619.7 ‘. ¥ 62
I3 7811ty clay to elay |V /14 |88 4
617.0 Firp £ +
18.0 | Sandy gravel with- [47
613.0 cobbles. Demse’ A“ ] Lo To e k] ' . \ . -

22.0 | End of Borehole : B.H. Dry

Refusal to augering 610
probable boulders.

* Cparsd gravel obstrupted
the advancément]|of the
spoon |in sample| No.5|,

thug its bhlows/foot
cpunt |is considered nhon=~
. tiepredentative

Zz
Q
P
<
= 4
O
t
(- .
-
7 N]
=
0
w
=
O
[
i
o
o.
wy
o
[+ %]
w
w
Q

20 .
159-5 % STRAIN AT FAILURE
10

R ————



QFFICE REPORT ON SOIL EXPLORATION

MINISTRY OF TRANSPORTATION AND COMMUNICATIONS~ONTARIO

ENGINEERING SERVICES BRANCH - GEOTECHNICAL OFFICE ~ SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 5

ORIGINATED By HS

wp___ 903-72-18 LOCATION Co-ords. 915.822 N: 964,467 E. Scheme ‘A’
pIST__ 18wy 17 BORING DATE __ October 8 & 9, 1975 COMPILED BY_HS .
DATUM Geodetic " BOREHOLE TYPE _3%" Hollow Stem Augers CHECKED BYE
Z  IDYNAMIC CONE PEMETRATION LIQUID LIMIT  ——emeWy o
SOIL_PROFILE | SOMPLES £ |REsisTANCE pLOT PLASTIC LIMIT —Wp | = &
: Ol « A 20 40 60 80 160 | WATER CONTENT..W Za
ELEV : e e w2 ¢ [SHEAR STRENGTH W wooow % | REMARKS
BEPTH DESCRIPTION 212 > | €] 8 |o unconeinep + FIELD VANE y
S @l 2T 0] B fe ouick tRiaxiaL x 1aB vane | WATER CONTENT % %
635.0 Ground Level i Z | gLey - GR 5A 51 CL
ThpSoLLl ST oY
Sand - fine to very '“‘“b 1T 110 ,
fine, ) 630
Tt S8 {
o During sam
Loose . e 1‘!{ng gmtm:p
.. 3 |88 5 bras first
. e ‘_1‘!“ ncountered
620.0 . o t about
15.0 Sil‘ S d ‘ 4 85 2 622.3
-Bilty Sa I here the B
) 1zo caved
‘ 5.188 2 n after
Very Locse - he removal
N 61 f the
L' 6. 18s 2 . ugers.
G 6T s ool ChiR[| 7 155 1%
Y. locse . J X
N 60
Lovse to 8...88. 111
594.5 ) Compact 1: *
40.5 | Sand - fine to very |.°* J (58 115 .
fine L
" Teome |4J10lss 13l °°
_pravel _ jest]"
Ol ¥
Loose to Compact . 85 1
1oTss 51 8
: 13 |88 8
) : 57
] R E)
- 560
Jrlislss [16
(some bockets and "
layers of silty L 550
lay to ¢l -3
%aggd g’e&mgyEf?ggg? N
538, 5 i Tss 171 349
96.5 | End of Borehole

H

20
150-5 % STRAIN AT FAILURE
10 :
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ABBREVIATIONS 8 SYMBOLS USED IN THIS REPORT

PENETRATION RESISTANCE

FF-A-24 t‘ Rev. Jan 73}

‘N'x STANDARD PENETRATION RESISTANCE ¢ ~ THE NUMBER OF BLOWS HEQUIRED‘ TO ADVANCE A STANDARD SPLIT SPOON SAMPLER
12 INCHES INTO THE SUBSOIL, DRIVEN BY MEANS OF A 140 POUND HAMMER FALLING FREELY A DISTANCE OF 30 INCHES.

Y

DYNAMIC PENETRATION RESISTANCE i« THE NUMBER OF BLOWS REQUIRED TO ADVANCE A 2 INCH, 60 DEGREE coNE, FITTED
1O THE END OF DRILL RODS, 12 INCHES INTO THE SUBSOW., ‘THE DRIVING ENERGY BEING 350 FOOT POUNDS PER BLOW.

" DESCRIPTION OF SOIL

+HE CONSISTENCY OF COHESIVE SOILS AND THE RELATIVE DENSITY OR DENSENESS OF COMESIONLESS $OILS ARE DESCRIBED
IN THE FOLLOWING TERMS :- ’

CONSISTENCY c LB./SQ FT. DENSENESS 'N' BLOWS / FT.
VERY SOFT 0 - 250 ' VERY LOOSE ' 0-4
SOFT 250 - 300 \ ' LOOSE . 4 - 10
FIRM 500 - 1600 : COMPACT 10 - 30
STIFF 1000 - 2000 a  DENSE 30 - 80
© VERY STIFF 2000 - 4000 'VERY DENSE > 80O
. HARD , > 4000 '

TE“”S TO BE USED IN DESCRIBING SOILS:~ ) ’ .
TRACE < 10% , SOME J0—~25% , WITH 25-40% , > 0% SILTY, SANDY, GRAVELLY, CLAYEY ETC.

TYPE OF SAMPLE

$.8  SPLIT SPOON T.W.  THINWALL OPEN

WS  WASHED SAMPLE T.#  THINWALL PISTON
‘8.7 SLOTTED TUBE SAMPLE 0.5. OESTERBERG SAMPLE
A8,  AUGER SAMPLE E.S. - FOIL SAMPLE

€8 CHUNK SAMPLE RC. ROCK CORE

. i 3

. i
« §
¢

P 4.  SAMPLE ADVANCED HYODRAULICALLY
BM. SAMPLE ADVANCED MANUALLY -

$OIL_TESTS

U UNL‘SI—#)NED COMPRESSION L.V. LABORATORY VANE
UU  UNCONSOLIDATED UNDRAINED TRIAXIAL FV. FIELD VANE

CI1U  CONSOLIDATED (SOTROPIC UNDRAINED TRIAKIAL c CONSOLIDATION
cio " * DRAINED = ' 8 SENSITIVITY

T CAU “ ANISOTROPIC UNDRAINED "
. ’ cAD " " DRAINED v
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Sy

A’BBREVIATlONS & SYMBOLS USED IN T’HIIS REPORT -

§0il._PROPERTIES

CUNIT WEIGHT OF S0l (BULK DENSITY)

UNIT WEIGHT OF SOLID PARTICLES
UNIT WEIGHT OF WATER

" UNIT DRY WEIGHT OF SOIL. {DRY DENSITY)

UNIT WEIGHT OF SUBMERGED 301L

, 7
SPECIFIC GRAVITY OF SOLID PARTICLES G« -;5,-!-»

. w
VOID RATIO
POROSITY
WATER CONTENT
BEGREE OF SATURATION
LiQuUID LIMIT
PLASTIC LIMIT
PLASTICITY INDEX
SHRINKAGE LIMIT

LIQUIDITY INDEX » — B
. P

CONSISTENCY INDEX » W
P

VOID RATIC IN LOOSEST STATE

VOID RATIO IN DENSEST STATE

DENSITY INDEX » SMEX "

© Bmox " € min
RELATIVE DENSITY D15 ALSO uSED
MYDRAULIC HEAD OR POTENTIAL
RATE OF DISCHARGE
VELOCITY OF FLOW
HYDRAULIC GRADIENT
COEFFICIENT OF PERMEABILITY

SEEPAGE FORCE PER UNIT VOLUME
~Ae

COBEFICIENT OF VOLUME CHANGE « '(-—-‘5——-7
I+8) Ao
COEFFICIENT OF CONSOLIDATION
g Ae
COMPRESSION IHDEX = Mmm-—w
Alogyy ¢

CYIME FACTOR = —‘-"—;,L ( 4, ORAINAGE PATH )

DEGREE OF CONSOLIDATION
BHEAR $TRENGTHM

EFFECTIVE COHESION
INTERCEPT

EFFECTIVE ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

APPARENT COMESION

APPARENT ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

COEFFICIENT OF FRICTION
SENSITIVITY

IN TERMS OF
- EFFECTIVE STRESS

Tye €+ 0 tan ¢

IN TERMS OF
TOTAL STRESS

Tysoy+ o tun g

n
L

69,0

e mzEg<e =

A XOMEY & 4 AQ

201w

wn O X

orRing
logo or log o

GENERAL

=3-1418

BASE OF NATURAL LOGARITHMS 2-7183
NATURAL LOGARITHM OF @
LOGARITHM OF 0 YO BASE 10
TIME

ACCELERATION DUE TO GRAVITY

VOLUME

WEIGHT

MOMENT

FACTOR OF SAFETY

STRESS AND STRAIN

PORE PRESSURE "

NORMAL STRESS _

NORMAL EFFECTIVE STRESS { & 1S ALSO USED )
SHEAR STRESS

LINEAR STRAIN

SHEAR STRAIN

. POISSON'S RATIO ( JL IS ALSO USED)
MODULUS OF LINEAR DEFORMATION { YOUNGS mnuws)

MODULUS OF SHEAR DEFORMATION
MODULUS OF COMPRESSIBILITY
COEFFISIENT VISCUSITY

EARTH PRESSURE

DISTANCE FROM TOP OF WALL TO POINT OF APPLICATION

OF PRESSURE
ANGLE OF WALL FRICTION

DIMENSIONLESS COEFFICIENT TO BE USED WITH VARIOUS
SUFFIXES IN EXPRESSIONS REFERRING TO NORMAL STRESS

ON WALLS
COEFFIC\ENT OF EARTH PRESSURE AT REST

y FOUNDATIONS

BREADTH OF FOUNDATION
LENGTH OF FOUNDATION ;
OEBTM OF FOUNDATION BENEATH GROUND

DIMENSIONLESS COEFFICIENT USED WITH A SUFFIX APPLYING
DEFTH AND COHESION ETC. IN THE

TO SPECIFIC GRAVITY,
FORMULA FOR BEARING CAPACITY

MODULUS OF SUBGRADE REACTION

SLOPES

VERTICAL HEIGHT OF SLOPE
DEPTH BELOW TOE OF SLOPE TO MARD STRATUM
ANGLE OF SLOPE FO HORIZONTAL
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“ Memorandum “

To: Mr. W. L. Lees From: 5011 Mechanics Section

Manager, Systems Design Geotechnical Office

Northwestern Region West Building, Downsview

Thunder Bay, Ontario
Attention: Date: May 7, 1975

WMAY ~ G 1875
Our File Ref. W.P. 903-72-01 In Reply to ;
Subject:
ADDENDUM

PRELIMINARY FOUNDATION INVESTIGATION REPORT
' for

Feasibility Study of T.C. Hwy. No. 17 (Proposed 4 Lanes)
from Echo River to Bar River Road
W.P. 903-72-01, District No. 18 (Sault Ste. Marie)

PART 1

Proposed CPR Overhead at Hwy. No. 17
(Lines A, B, C, D, 4 & 5)

We have carried out a foundation investigation at the proposed
crossing of the CPR tracks and Hwy. 17, Lines 4 and 5, as requested by
Mr. W. D. Neilipovitz, Regional Director, Northwestern Region. We are for-
warding to you a report containing the subsoil description and the recom-
mendations which are based on the information from the field. No Taboratory
tests have been carried out to determine the engineering properties of the
subsoil. However, in our opinion, the data contained in this Report will be
adequate for your evaluation with regard to feasibility study of this project.

It should be noted that the recommendations given in this Report are
of a preliminary nature. A complete foundation investigation will be neces-
sary once the alignment and geometrics are finalized.

A

A

TR e

for: M. DEVATA
Supervising Engineer.
c.c. W. D. Neilipovitz
B. R. Davis
B. McKenna
G. E. French
B. J. Giroux
R. Morgenroth
G. A. Wrong
R. Hore
McCormick Rankin & Associates Ltd.
Attn: Mr. John Sutherns

Files
L///fRecord Services



ADDENDUM

PRELIMINARY FOUNDATION INVESTIGATION REPORT
for

Feasibility Study of T.C. Hwy. No. 17 (Proposed 4 Lanes)
from Echo River to Bar River Road
W.P. 903-72-01, District No. 18 (Sault Ste. Marie)
PART 1

Proposed CPR Overhead at Hwy. No. 17 (Schemes 4 & 5)

INTRODUCTION

The Soil Mechanics Section completed a foundation investigation for
the proposed crossing of CPR track and Highway 17 (Lines A, B, C & D), and
the findings were summarized in a report dated March 5, 1975. Subsequently,
a meeting was held in the MTC Northwestern Regional Office, Thunder Bay to
review progress on the preliminary design study. At the above meeting,
three alternative types of crossings were discussed:

1. An overhead on existing CPR alignment (cost $5.8 million);
2. An overhead on relocated CPR alignment (cost $2.8 million);
3. A subway on existing CPR alignment (cost $2.2 million)

The Regional Director requested this Section to undertake the field
investigation of two further alignments; one about 2500 ft. north (Line 4)
and the other about 900 ft. south-east (Line 5), of the original proposal.
A field investigation was carried out and the findings were transmitted to
the Consultant over the telephone.

This Report contains a brief description of the subsoil conditions
and our preliminary comments regarding the suitability of the alignment,
the structure foundations and the stability of the approach embankments.



SUBSOIL CONDITIONS

The additional fieldwork at the two proposed crossings consisted or -
ten boreholes (No. 10 to 19). One borehole (No. 9) which was put down along
Lines A, B, C & D, at the foot of the hill, is also included. The strati-
graphy and the results of in situ tests are shown on the Record of Borehole
sheets attached herewith. The locations of boreholes are shown on the
accompanying plan.

Line 4 (Boreholes 10 & 11)
The subsoil conditions encountered in both boreholes are
briefly as follows: \

Borehole No. 10 Borehole No. 11
(Ground Elev. 614 ft.) (Ground Elev. 615 ft.)
0 - 4.5 ft, 0 - 11 ft. Silty sand to sand.
4.5 - 11 Organic clay, very
soft.
11 - 15.5 Clayey silt, soft to
firm.
11 - 140 15.56 - 138 Silty clay to clay,
soft to stiff.
140 - ’ 138 - Sand and gravel.
143 , 140 End of borehole.

The in situ vane tests indicate that the undrained shear
strength of the silty clay to clay stratum gradually increases with
depth and varies from 400 p.s.f. in the upper position to about
1000 p.s.f. at a depth of about 100 ft.

' Line 5 (Boreholes 12 to 19)

' Boreholes 12 to 17 were carried out in the vicinity of the
proposed crossing. Boreholes 18 and 19 were put down for investi-
gating the stability of the embankment (400 to 1000 ft.) south of
Maple Leaf Road.

Subsoil in Boreholes 12 to 17 consists of a 16.5 to 40 ft.
thick deposit of silty sand to sand overlying a sand and gravel with
cobbles stratum. The Boreholes were terminated at depths varying
from 26.5 ft. to 47.0 ft., when refusal to augering was met.




In Borehole 14, which was put down in a ploughed field, the uppermost
9 ft. consisted of topsoil and firm clay overlying silty sand to sand.
The relative density of the silty sand to sand deposit ranges from
very loose to dense, but is in general very loose to loose. The
relative density of the sand and gravel deposit is generally compact
to very dense.

In Boreholes 18 and 19, the upper 19 to 37 ft. consists of
soft to firm silty clay to clay, followed by Toose to very loose silty
sand to sand. The thickness of the silty clay to clay stratum
increases in a southerly direction, i.e. away from the hill. The
in situ vane tests indicate that the undrained shear strength of the
silty clay to clay ranges from 400 to 600 p.s.f., generally in the
order of 400 p.s.f.

DISCUSSION AND RECOMMENDATIONS

Line 4

The original investigation at the crossing of Hwy. 17
(Lines A, B, C & D) and the CPR tracks revealed that the soft to firm
silty clay to clay deposit is the predominant soil type in this area.
The thickness of this deposit at the crossing of Lines A, B, C & D is
in the order of 60 ft., while at the crossing of Line 4, it is in the
order of 140 ft. The shear strength pattern at both crossings are
essentially similar. Therefore, the recommendations contained in our
Report of March 5, 1975 regarding the stability and settlement consid-
erations of approach embankments and the structure foundations, are
applicable to Line 4 crossing with the following modifications:

The recommendations with respect to the stability of embank-
ments remain unaltered. In other words, the safe embankment height
with 2:1 side slopes is about 14 ft., if locally available material
(Y= 125 p.c.f.) is used, and 20 ft. if light weight material
(7= 90 p.c.f.) is used for the fills. Embankments higher than the
above heights will require counter-balancing berms as explained in
the original Report. The length of berms will depend upon the height
of embankment.
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The thickness of the compressible silty clay to clay deposit at
the crossing of Hwy. 17, Line 4 and the CPR tracks, is about 140 ft.,
while at the crossing of Lines A, B, C & D, and the CPR tracks it is
only 60 ft. As a result, under the same height of fill, the long term
consoTidation settlements along Line 4 will be even greater than the
settlements along Lines A, B, C & D. It was estimated that along
Lines A, B, C & D, a 30 ft. high embankment constructed with locally
available material, which will require double counter-balancing berms,
each 60 ft. long, will settle in the order of 6 ft. It is estimated
that a similar embankment (30 ft. high) along Line 4 will settle in
the order of 7 ft.

It will be necessary to excavate the very soft organic clay,
which was found on the west side of the CPR tracks (Borehole 10), to
its full depth (11 ft.) within the plan limits of the approach embank-
ment, and replace it with suitable material.

Because of the soft and compressible subsoil at th1s location,
spread footing type foundations in the original ground are not recom-
mended. The entire structure may be supported on end-bearing steel
piles driven to refusal. It is estimated that refusal will be
achieved at about 150 ft. (vs. 70 ft. for Lines A, B, C & D) below the
ground level.

The negative frictional forces exerted on the piles will be
greater at Line 4 because of the greater depth of compressible stratum
at this site. Therefore, the piles will have to be designed with a
correspondingly lower load carrying capacity.

' Furthermore, the abutments founded on long end-bearing piles
driven through such deep, soft and compressible deposit have a
. tendency to undergo rotational movements.

Line 5

At the proposed crossing of the CPR tracks and Hwy. 17, Line 5,
the subsoil consists of a very loose to loose silty sand to sand
stratum underlain by a compact to very dense sand and gravel with
.cobbles deposit. A cohesive stratum does not exist at this site.
Therefore, no stability problems are anticipated for embankments con-
structed with 2:1 slopes. Because the underlying subsoil is of a




non-cohesive nature, the settlements under the embankments will be
elastic and will occur instantaneously as the construction proceeds.

The silty sand to sand deposit is very loose to loose.
Therefore, spread footing type foundations in the original ground are
not recommended. It is recommended that the entire structure be sup-
ported on end-bearing steel piles driven in the sand and gravel
stratum. It is estimated that the maximum allowable loads will be
achieved at approximate elevation 570 ft., i.e. about 50 ft. below the
ground Tevel.

A soft to firm silty clay to clay deposit was found south of
the Maple Leaf Road. This stratum is cohesive and compressible in
nature. An embankment constructed in this area will undergo long term
consolidation settlements. The thickness of this stratum increases in
a southerly direction. However, it is anticipated that the height of
embankment decreases in a southerly direction. Because of the above
reasons, the settlements along Line 5 will be much smaller than along
Lines A, B, C & D.

CONCLUSIONS

A comparison of subsoil conditions along Lines A, B, C, D, 4 and 5,
indicates that the cohesive stratum does not exist in the vicinity of the
proposed crossing of the CPR tracks and Hwy. 17, Line 5. The problems
associated with the approach embankments, namely, long counter-~balancing
berms and several feet of long term consolidation settlements, which are
prgsent along Lines A, B, C, D and 4, are not present at the proposed
cressing of Line 5. Therefore, Line 5 is preferable to all other Lines in
this area, from a soil mechanics point of view.

e o N

A. PRAKASH
Senior Engineer.




QOFFICE REPORT ON S0OIL EXPLORATION

ENGINEERING SERVICES BRANUH - GEOTECHMNICAL UHFICE - SOIL MLLFait S
“ RECORD OF BOREH 29

W.P.__903-72-01 LOCATION  CPR & HWY, 17 (AS SHOWN OWPL

ST

ORIGINATED BY C.McF

DIST__18 HWY. 17 BORING DATE MARCH 22, 1975

COMPILED BY C.McK.

DATUM GEODETIC BOREHOLE TYPE AUGER AND SAMPLE WITH CME 55 MACHINE CHECKED BY __ B}
= DYNAMIC CONE PENETRATION LIQUID LIMIT ——W -
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Refusal
560
v
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ENGINEERING SERVICES BRANCH - GEUTECHNICAL GEFICE - SO MELHANICS SECTION
’ X “ RECORD OF BOREH 2 10
. WP 903-72-01 LOCATION HWY. 17 & CPR {AS SHOWN O AN) ORIGINATED BY H.S.
pisT__ 18 Hwy, 17 BORING DATE APRIL 23-24, 1975 COMPILED BY H.S-
DATUM  GEODETIC BOREHOLE TYPE HOLLOW STEM - 2 3/4" CHECKED BY 2. =
SOIL PROFILE SAMPLES = JDYNAMIC CONE PENETRATION LIQUID LIMIT sty [
% IRESISTANCE PLOT - PLASTIC LIMIT Wy} = {g
Ol il 7o 4060 do__100__| WATER CONTENTw | 25
ELEV Flw|w | 3] 2 [SHEAR STRENGTH P.S.F. wr wooow % | REMARK:
BEPTH DESCRIPTION 120> | g 8 |o unconentp + FIELD VANE y
el 317 ] & le cuick TRiaxAL  x 1aB vANE | WATER CONTENT % ”
614.0 GROUND LEVEL W Z | stEv.] 400 800 1200 1600 2000 GR SA.S1 ¢
0.0 LOPEULL e o Em
8ilty Sand 7T
609.5 | Very Loose o I - 610
4.5 | Organic Clay, p:
Oce. silty sand / 2 X 3 +542
layers 7/
603.0 | very Soft gra NETHE
11.0 Silty Clay . +
Stiff £00 + 54,2
to Clay — -SBE'E_"/ s I7iE|"
/ +5=42 .8
/ + S=f
% 5 TW | PM et lo
5=
z
Q % 590 e=h 18
S 6| 85 11/18"
o / £=45
Q / +5=3.9
a / 7 188 h/18"
= / + 84,2
- / 580 +524.0
0 8 | ss pjigl’ .
@ / +5=18
% e ot e +843,2
Firm / q Ty
o / . + 574.3
g / 570 554,
wr
o /
N 4
v /
w / 101 8512 sd2.8
=
© % 560 o L
7/ rarsn
% 1 +543,0
% 550 FoFL. 0
’ %
) Z 540
Z 12 | s51. 2
e e Hg=2, 9
Stiff % 530 ENONSA
% 520
/ 13.0.881 4 der s
. +37 L.
514.0 ’ / Z Yo=n17 v
166.0 / 7
continued.... ’
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1595 % STRAIN AT FAILURE
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ENGINEERING SERVICES BRANCH - GEOTECHNICAL OFFICE - SO MECHANICS SECTIGHN
RECORD OF BORE N2 11
WP 903-72-01 LOCATION  HWY. 17 & C.P.R., (AS SHOWN ON PLAN) ORIGINATED BY H.S.
DIST__18  Hwy. 17 BORING DATE APRIL 25, 1975 COMPILED BY H.5,
DATUM GEODETIC BOREMOLE TYPE HOLLOW STEM =2 3/4" CHECKED 8Y 7" 7
SOIL PROFILE SAMPLES & JOYNAMIC CONE PENETRATION LIQUID LIMIT e W =
= |ResisTancE plOT PLASTIC Limit Wil =G
Ol o i 70 do o g0 1bo | WATER CONTENT—w | 25
ELEV alwiw i3] 9 [SHEAR STRENGTH P,S.F. we wow 2 1 REMA
BEPTH DESCRIPTION =121 > | 2] & (o unconmned + FIELD VANE y
x|l 21" I % ]e ouick Triaxial  x 148 vaNE | WATER CONTENT % v,
615.0 CROUND LEVEL o £ lTewev] 400 800 1200 1800 2000 GR.SA.S
0.0 topsoli .. m%?lfi. 1] ss|11
Silty Sand to .
7788
Sand c
Co 610
l 31 88|11
Loose to Compact ,[ A =113
604.0 T T
11.0 | Clayey 5ilt Soft +8m2, 5
— g8 g e st Fard -+
599.5 Firn ] B0 N 5423
15.5 | i1ty clay /%
: to —
Clay / 71 TW | P ols=t. 2
8 ' Z 590 +4=4.9
] 8.l T !lPM
% / +5=d,3
Q ¥ s=513
- % 9 | .SS.RLI8"
™ / h S=6,0
= / 580 «5*5-C
2 / 10 | TW | PM
+18=5,
z / +5=4 |0
/ +5=4 19
% / +8=73
oy % 570 Y5=344
= / 1.1 TW ipM
w .
¥ . Hm M/
o . T8tiff /
Q /
/ 12 [ 8§81 & 360
% 45=3.7
/ tgmd, 4
é 550
Z 340 ¥842.3
/ +4=2.3
é 530
9=2,0
5150 4 4/ /]/
00.0
continued

20
159-5 % STRAIN AT FAILURE
10




QFfFICE REPORT ON SO EXPLORATION

Lo ER KNG DERVIC LY DAL 1, R O T e T A L A L S 2 N T

RECORD OF BOREHHQ 12
903-72-01 “OCAUON HWY. 17 & C.P.R. (AS SHO N) ORIGINATED BY _H.S.

wWe
pisT__18 Hwy, _ 17 BORING OATE _ APRIL 26, 1975 COMPILED BY 1,8,
DATUM GEODETIC BOREHOLE TYPE HOLLOW STEM - 2 3/4" CHECKED BY _Z27 7
®  JOYNAMIC CONE PENETRATION LIQUID LIMIT ———We | )
SOIL PROFILE SAMPLES 1 2 |Resistance pior PLASTIC LIMIT ——wy | = &
o] « Al 70__4do 80 §0_100 | WATER CONTENT—w [ 2
ELEV Elwjw | 3] 2 [SHEAR STRENGTH P.5.F. wr w w 2 | REMAR
e e |
SEPTH DESCRIPTION P20 > 12| g o unconkneD + FIELD VANE y
DE « =2 el I % | e Quick TRiAxIAL X 1AB VANE | WATER CONTENT % "
617.0 GROUND LEVEL % Z lewev GR.SA 5!
g.0 JFASEShT o . _T
Silty Sand M o AT,
to \
Sand SS 4
. 610
Very loose to . 3 58 2
loose ; ; 4 ss
(1.1 51 ss |2
:.: 6185161 (oo
596. 0 ol
31,0 | Sand & Cravel ALy 88 {11
—gompack 2 o
v.dense ‘a::_ 5 TE I
with cobbles Wé‘@ 590
59
c0s 9 758 J00/]6"
P 01
and few boulders ,_é)'- N I )
f:““ 580
STAY
S EEREFTINET.YY L
oS
R
' 30
b70.0 5 ¥ 27
47,0 | End of Borehole

Refusal to Augering
probable boulder

560

20
159-5 % STRAIN AT FAILURE
10




ENGINEERING SERVICES BRANCH - GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

: “ RECORD OF BOREH“\IQ 13

_ WP __903-72-01 LOCATION HWY, 17 & C.P.R. (AS SHOWN ON PLAN) ORIGINATED BY . e
DIST,_18 HWY. 17 BORING DATE appyy 28, 1975 COMPILED BYy.g,
DATUM _GEODETIC BOREHOLE TYPE HIOLLOW STEM AUGERS - 2 3/4" CHECKED BY _ 27~
A o= DYNAMIC CONE PENETRATION LIQUID LIMIT oy [
SOIL_PROFILE SAMPLES | ¥ |resistance pior PLASTIC LUMIT ———wp | = &
6l o ol ® 2040 co 8o 100 |WATER CONTENT_.w | 2 5
ELEV Efw| w | 3] 2 [SHEAR STRENGTH p.sp. | W w i 2 | rREMmar
m DESCRIPTION 21z~ 1 g 3 |9 UNCONFINED + FIELD VANE y
el 3170 G | e quick TriaxiaL  x (a8 vane | WATER CONTENT % "
615.0 |  GROUND LEVEL “ Z 1etev.] 400 800 1200 1600 2040 GR.SA S
0.0 2R —tacl1 |ss |10]y
§11ty Sand l 7 Ts5 b7k 610
to
Sand l
Very Loose to loose . j ENE 4
15 oo
- 14 |ss 4
o150 188 4
z 590. 5 -1
g 24.5 18Sand & Gravel A“ 6 lss 112 590
o Compact |- &
Q V. Dense L4 '
= with » Dense Lol IRR 198
X cobbles cad
= 579. 5 Ridle lea laanlansgo
9 35.5 |End of Borehole
> . |Refusal to Augering
O Probable Boulder
~ .
[+
2
s 570
o
(2 u)
4
LT
o)

20
15¢-5 " STRAIN AT FAILURE
10




CFfFICE REPORT ON SOIL EXPLORATION

ENGINEERING SERVICES BRANTH - GLUTECHNICAL OFFICE - SOIL MECHANICS S5ECTIUN

RECORD OF BOREH“Q 14 .
WP 9037201 LOCATION  HWY, 17 & CER (AS SHOWN ON PLAN) ORIGINATED BY 115
DIST._ 18 nmwy. 17 BORING DATE _APRIL 28, 1975 COMPILED BY__H.S.
sl e
DATUM GEODETIC BOREHOLE TYPE BOLLOW STRM AUCERS = 2 /4" CHECKED BY ...fueic
o DYNAMIC CONE PENETRATION LHQUID LIMIT s W =
SOIL PROFILE SAMPLE S E RESISTANCE PLOT . PLASTIC LIMIT Wy :6
Ol e i 2040 60 80 100 WATER CONTENT..w | Z &
ELEV alwlw 3] 9 [SHEAR STRENGTH P.§.F. wp woow 3 | REMAR
Pt DESCRIPTION ol - B 8 o unconrmeo + FIELD VANE oy
DEPTH M ERRE % e ouick Triaxial  x 1aB vang | WATER CONTENT % “
- = .
616.0 GROUND LEVEL w Z leey 400 800 1200 1600 2000 GR.SA 51
U.0 ] Topsoil ]
613.0 2
3.0 [Clay, Trace of Sand / 11 ss |7 Y
/ ¥ 610 +5=4.0
Firm 2 58 2 roe5.0
617.0 T// =3
9.0 SiltZOSand -_: 3 <5 p
Sand S
Very Loose l Alss i 4 600
592.0 2
24,0 | Sand and Gravel ./?;T =158 7 590
with v. Loos_gm__f._;.'?.
cobbles V. Dense ?{5
ity Il 585169
583. 5 ”@Z
32.5 | End of Borehole

Refusal to Augering 580
Probable Boulder

.20
i5¢-5 % STRAIN AT FAILURE
10
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OFFICE REPORT ON SOIL EXPLORATION

WP,

ENGINEERING SERVICES BRANCH - GEUTETHNICAL OF FICE = SOIL MECHARILS SECTIW

903-72-01

DIST.

“ RECORD OF BOREH”? 15
LOCATION__HWY. 17 & CPR (AS SHOWN ON'PL

18 pwy 17 BORING DATE APRIL 28, 1975

DATUM _GEODETIC

BOREHOLE TYPE HOLLOW STEM AUGERS -~ 2 3/4"

.

ORIGINATED BY _H.5.
COMPILED BY H.S,

CHECKED BY 2/ %

SOIL PROFILE SAMPLES = DYNAMIC CONE PENETRATION LQuUID LIMIT Wy s
= RESISTANCE PLOT PLASTIC LIMIT v W Pl
&l « il B 20 4o 6o do 100 JWATER CONTENT—.wW | Z
ELEV alwlw | 3| ¢ [SHEAR STRENGTH  F.S.F. we w w, 2 | REMAR)
DEPTH DESCRIPTION el B B 8 | o UNCONFINED + FIELD VANE y
A E 2N G e Quick TRIAxiAL  x LAB vANE | WATER CONTENT % “
617.0 GROUND LEVEL v Z leLev, GR.SA.5!
0.0 _IOPEeLl” T Y
Silty Sand s 1217
to 3
Sand 1. 2 |85 4 610
V. Loose to Compact -
“11alss | 3
Rk
: 600
4 58 3
591.0 '
26 U TS AT T End CFAvEL G 2.1.§8 [ 100 550
588.5 {with cobbles V. Densdj-a
28.5 | End of Borehole
Refusal to Augering ,
Probable Boulder
580

20
150-5 % STRAIN AT FAILURE
10




ENGII’JEERING SERVICES BRANCH - GEOTECHNICAL OFFICE - SO MECHANICS SECT i«

RECORD OF BOREF“NQ 16

HWY. 17 & C.P.R. (AS SHOWN ON PLAN)

.

OFFICE REPORT ON SOIL EXPLORATION

W.p__903-72-01 LOCATION ORIGINATED BY H.5-
Dist_.. 18 Hwy, 17 BORING DATE APRIL 28-29, 1975 COMPILED BY__H.S.
L1 / /
DATUM GEQODETIC BOREMOLE TYPE HOLLOW STEM AUGERS - 2-3/4 CHECKED BY 42,_
= DYMAMIC CONE PENETRATION LIQUID LIMIT Wi [
SO PROFILE SAMPLES E RESISTANCE PLOT PLASTIC LIMIT Wy .:(35
of o ol 2 204060 d0 _ibg | WATER CONTENT_w | Z 5
ELEV alw|w 3] 9 [SHEAR STRENGTH p g.F. wp w Wy Z | REMA
SERTH DESCRIPTION sl = > | 2] @ o unconemen + FIELD VANE J oy
DEPTH 13|+ % la QUICK TRIAXIAL X LAB VANE | WATER CONTENT % ..
[ E ’ ’
518. 0 GROUND LEVEL «n Z ey GR SA
X A SO0 S,
00 gt Y
Silty Sand to l 11 85l 417
Sand A
Very Loose 'l 610
l 2.1 88 3
601.5 :!.,
16.5 |Sand & Gravel ' :. 600
‘.'4'. 3 88119
: s -
Compact 4 o :
Vith cobbles‘}-:* Dense P2 S I 1Y) A
589.0 Yol 590
29.0 |End of Borehole
Refusal to Augering
Probable Boulder
580

20
1545 % STRAIN AT FAILURE
10




WP

ENGINEERING SERVICES BRANCH- GEUTECHNICAL OFFICE
RECORD OF BORE

LOCATION HWY. 17 & C.P,R, (AS SH

903~72-01

DIST.

i8 HWY. 17

- SO MECHANICS SelTic.

°17

OWN IlN !L\N)

ORIGINATED BY . )

BORING DATE APRIL 29, 1975

DATUM___GEOPETIC BOREHOLE TYPE

HOLLOW STIM ALGERS.=..2.2/A"

COMPILED BY g5
CHECKED BY 20

OFf FICE REPORT ON SOIL EXPLORATION

probable boulder

AM = DYNAMIC CONE PENETRATION LIQUID LIMIT  ——ee Wy =
SOIL PROFILE SAMPLES w  |ResisTancE plOT PLASTIC LIMIT Wy :g
o R 70 40 80 80 100 | WATER CONTENT_.W | Z 5
[+ 4 s o
ELEV aflwlw | 2] 9 [SHEAR STRENGTH P.sS.F. we w_ow Z | REMAL
SEPTH DESCRIPTION 2l - 2 3 | e unconrineD + FIELD VANE 1 r
el 217 | 7] & |eauick TRiaxiat  x 1aB vane | WATER CONTENT % o,
623.0 GROUND LEVEL v Z JELEY, GR.SA S
0.0 RAEEVAC o 2 e
Sand, Some gravel Ll
’ 8 cn1 1 188 13 620
7 ss 117
613.5 |Compact to Dense 1388 134
9.5 I !
q- 14 S8 113
S:Ll:::g Sand : 610
Sand, j 5155 |10
Some Gravel
1 6 S5 112
Loose to Compact o 600
l 755 |6
l 555 10
590
Cobbles ;ajz
£93.0 )
40.0 | End of Borehole
Refusal to Auger 580

20
15¢-5 % STRAIN AT FAILURE
10 .




ENGINEERING SERVICES BRANCH - GEUTECHNICAL OFFICE - 501 MECHANICS SECT IO

'. RECORD OF BOREF“\JQ 18

WP _903-72-01 LOCATION _ECHO BAY (AS SHOWN ON PLAN) ORIGINATED BY _H.S.
DIST._18 HWY, _17 BORING DATE __ APRIL 29, 1975 COMPILED BYH.S,
4 .
DATUM _GEODETIC BOREHOLE TYPE HOLLOW STEM AUGERS - 2 3/4" CHECKED BY ._ZZ. .-
ROF! AM 0 DYNAMIC CONMNE PENETRATION LIQUID LIMIT ——W [
SOIL _PROFILE SAMPLES v [resistance pior PLASTIC LIMIT —wp | = &
ol A 20 40 60 80 180 | WATER CONTENT._w Zo
ELEV Elw i w | 21 9 [SHEAR STRENGTH p g.F. wp w W, = | REMAF
BEFTH DESCRIPTION S12 > | 2] 3 |o unconemep + FIELD VANE y
1 A & | e QuICK TRIAXIAL X (4B vane | WATER CONTENT % .
615,0 GROUND LEVEL ” 2 1Etev.] 400 800 1200 1800 2000 GRSA S

o
{
N

I

3;?

0
§12.0 Topsoil
3.0

. S5ilty Clay / L8842 610}t B35
to / 2] ss |1
Clay / +8=1.4
Soft +572.6
- —-1;1-“- e EREECEE
m / +547.5
% 600 +8=6.2
/ 41 8512
*+8=5.7
596.0
. 'A 4.L. not
19.0 | Silty Sand 1-1—2 | S8 |4 pstablic
to .
Sand ol
an 590
Very Loose 5 S8 14
' L7 ss |2
581.8 w08 I E A S8,
33.2 | End of Borehole 580

Refusal to Augering
Probable Boulder

OFFICE REPORT ON SOiL EXPLORATION

20
IS 9-5 % STRAIN AT FAILURE
10




Loose

ENGINEERING  SERVICES BRANLT S DOCHEICAL QRICE = DUHL M wtinivnal vl il
‘ . “ RECORD OF BOREHWQ 19
WP _803~72-01 LOCATION ___ECHO BAY (AS SHOWN ON PL - ORIGINATED BY _H.S.
* pist. 18 Hwy 17 BORING DATE APRIL 29, 1975 COMPILED BY H.S.
DATUM GEODETIC BOREHOLE TYPE HOLLOW STEM AUGERS - 2 3/4" CHECKED BY 77 J
SOIL PROFILE SAMPLES & JDYNAMIC CONE PENETRATION LIQUID LIMIT e W, =
% |RESISTANCE PLOT . PLASTIC LIMIT wol =5
51 o o] 2 7040 80 80 100 WATER CONTENT_w | Z i
ELEV e oo = e SHEAR STRENGTH p.5.F. wp w w, = | remar
. . | e " e
5EPTH DESCRIPTION U2 > 1 E | 8 o unconFned + FIELD VANE y
el 217 |71 & |eouck TRIAXIAL  x (aB vang | WATER CONTENT % v,
615.0 GROUND LEVEL n Z LeLtev.] 400 800 1200 1600 2000 GR.SA 5!
0.0 ._1.9%0.&_4.._._%(“
Silty Clay ;;5 1188} 2
610 #=113,5
to 2.1 85 1718}
Clay +5=13.3
/ WS=3./7
/ +5=40.0
% +5=2. 4
/ 3 | 85 1/i8|" 600
+8=6,9
/ +5=4 ,
¢/ uETavnk
7 e,
=40
Soft / 5 {85 g718]" >0
Firm ‘:g‘“"“gf W.L. no
222 o establ]
/ 580 '
578. 0 "/} 6185 1 3
37.0 | Sand, some gravel I

570

]
46, End of Borehole

OFFICE REPORT ON SO EXPLORATION

560

20
1545 % STRAIN AT FAILURE
10
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Transportation and

o Ministry of . “

Communications

Ontario Memorandum
To: Mr. B. McKenna (2) | From:  S0i1 Mechanics Section
Regional Structural Planning Engr. Geotechnical Office
Northwestern Region Downsview, Ontario
Thunder Bay, Ontario
Attention: Date: March 5, 1975
Ourkile Ref. W.P. 903-72-01 In Reply to MAR - 61078
Subject:

PRELIMINARY FOUNDATION INVESTIGATION REPORT
for Feasibility Study of
T.C. Hwy. No. 17 (Proposed 4 lanes)
from Echo River to Bar River Road
W.P. 903-72-01, Dist. 18 (Sault Ste. Marie)

PART I
Proposed CPR Overhead at Hwy. No. 17
{Line A, B, C & D)

Due to the urgency of this project we are forwarding to you a report
containing the subsoil description and the recommendations which are
based on the information from the field, transmitted by telephone.

No laboratory tests have been carried out to determine the engineering
properties of the subsoil. However, in our opinion, that data con-
tained in this report will be adequate for your evaluation with regard
to feasibility studies on this project. The field work for the other
areas of this project is still in progress and we will be forwarding
to you the preliminary data for the other sections upon completion of
the field investigation.

It should be noted that the recommendations given in this report are
of a preliminary nature. A complete foundation investigation will be
necessary once the alignment and geometrics are finalized.

///} l//(j.\?(i"lr%#f{.

M. DEVATA
Supervising Engineer.

. Orr

Davis

. Lees

French

. Giroux

. Morgenroth

A. Wrong

. Lewycky

McCormick Rankin & Associates Ltd., Attn: Mr. John Sutherns

Files
Record Services

C.c!
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PRELIMINARY FOUNDATION INVESTIGATION REPORT
‘ for

Feasibility Study of T.C. Hwy. No. 17 (Proposed 4 Lanes)
from Echo River to Bar River Road
W.P. 903-72-01, Dist. No. 18 (Sault Ste. Marie)

PART I
Proposed CPR Overhead at Hwy. 17 (Line A, B, C & D)

1. INTRODUCTION

We have recently completed the field work for the feasibility study
of the proposed CPR overhead at the new alignment of Hwy. 17. The site is
located about 2 miles south of Echo Bay, 1300 ft. north of Maple Leaf Road
and 1600 ft. east of the existing Hwy. 17. At this site, the CPR tracks
are on a curve. The land on both sides of the tracks is flat, agricultural
land. However, about 500 ft. north-east of the proposed crossing, the land
gradually rises in the form of a hill to an ultimate height of 120 ft.

The field work consisted of two boreholes accompanied by dynamic
cone penetration tests. Borehole No. 1 was put down about 100 ft. south-
west, and Borehole No. 2 about 100 ft. north-east, of the CPR tracks, and
between the two proposed Tines at this crossing. (See Borehole Location
Plan).

This report contains a brief description of the subsoil conditions,
and our preliminary comments regarding the structure foundations and the
stability of the approach embankments.

2. SUBSOIL CONDITIONS

The stratigraphical profile in the two boreholes and the results of
in situ tests are shown on the Record of Borehole Sheets attached herewith.



V4
The subsoil conditions encountered in both boreholes are similar and,
briefly, are as follows:
Borehole No. 1 Borehole No. 2
(Ground Elev. 617 ft.) (Ground Elev. 619 ft.)
0 - 3 ft. 0~ 3 ft. Topsoil and sandy silt
3 - 6 ft. 3 - 6 ft. Clay to silty clay
- desicated zone
6 - 61 ft. 6 - 59 ft. Clay to silty clay
- so0ft to firm
61 - 70 ft. 59 - 68 ft. Silty fine sane to sandy
silt
70 ft. 68 ft. Refusal

The in situ vane tests indicate that the undrained shear strength of
the clay to silty clay deposit gradually increases with depth and varies
from 400 p.s.f. in the upper portion to about 1000 p.s.f. at the bottom of
the deposit. The boreholes were terminated when refusal was met. No
attempt was made to determine the type of deposit below this level.

It is estimated that ground water level is about 7 ft. below ground
surface.

3. DISCUSSION AND RECOMMENDATIONS

(3.1) General

It is proposed to construct an overhead structure at the
crossing of new Highway No. 17 (1ines A, B, C or D) and the CPR
tracks. The proposed grade of the Highway along any one of the
alignments will require embankments with a maximum height of about
30 ft.

At this Tocation, Tines A & C merge together and Tines B & D
merge as another line. Because of the uniform subsoil conditions
in this area, our recommendations will be equally applicable for
all four alignments from the foundation point of view, provided
that the grades for those alignments will be similar. Based on the
subsoil information, no particular line has any significant prefer-
ence over other lines; therefore, the final selection of the align-
ment at this crossing should be based on other considerations.



OQur recommendations for the structure foundations and the
approach embankments are given in the following subsections.

(3.2) Structure Foundations
Due to the following reasons, spread footing type founda-
tions in the original ground are not recommended at this site:
( i) the shear strength of the clay to silty clay deposit |
is as Tow as 400 p.s.f. in the upper portion. This means a
maximum allowable bearing capacity of 800 p.s.f. only, which

is impractical;

(i1) the clay to silty clay stratum is very compressible

and relatively deep {(about 60 ft.). The footings will

settle excessively in this material when subjected to

Toading.

It is recommended that the entire structure be supported on end-
bearing steel piles driven to refusal. It is estimated that
refusal will be achieved at approximate elevation 545, i.e. about
70 ft. below the ground level.

Perched abutments founded on spread footings placed in com-
pacted granular fills are not recommended, because of excessive
settlements of the fills. The footings placed in the fills will
settle by the same amount as the fills themselves, The settlement
aspect of the approach embankments is dealt with in paragraph (3.3.3).

(3.3) Approach Embankments

(3.3.1) General

The proposed grade of Highway No. 17 is such that it
will require embankments up to 30 ft. in height. These fills
will be underlain by 60 ft. of soft to firm compressible clay
to silty clay (layered) stratum.

The presence of this compressible cohesive stratum, at
a relatively shallow depth below ground surface, requires
that steps must be taken to ensure the overall stability of
the fill sections as well as 1imit the settlements to a
tolerable magnitude.
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(3.3.2) Stability Considerations

The critical condition for stability of an embank~
ment on normally or slightly overconsolidated clays, as is
the case with this clay stratum, generally occurs during or
immediately after construction. This being the case, a
total stress analysis (@ = 0) provides a suitable means of
assessing the stability of the fill sections. In this
 method of analysis, stability is governed by the applied
loads and the stress-strain and undrained shear strength
properties of the foundation and fill material.

Analyses have been carried out, therefore, in terms
of total stresses, to determine the stability of the fill
sections. The soil properties for the fill and natural sub-
soil, assumed for computation purposes, are as follows:

Fill Material - Granular Type

Bulk Density Y = 125 p.c.f.
Angle of Shearing Resistance @ = 30°
Slopes for the Fill 211
Subsoi]
0 - 5 ft. ' Cu = 1000 p.s.f.
5 - 18 ft. Cu = 400 p.s.f.
18 - 48 ft. Cu= 500 p.s.f.
48 ~ 58 ft. Cu = 1000 p.s.f.

The results of the stability analyses carried, are
summarized below: (See Fig. 1)

- for a fill height of 20 ft., a single mid-height
berm of 50 ft. will be required.

- for a fi1l height of 30 ft., double berms, each
approximately 60 ft. in width, should be incorpora-
ted into the design. These berms should be Tocated
at equi-distances along the slope (i.e. at the third
points).

A smooth transition should be effected between the

varying berm sections required along the relocation.



Qe L

Based on the computations carried out, the following
comments are presented:

( i) It may be advantageous to minimize the berm

requirements by keeping the heights of fill as low

as possible.

(ii) If lightweight fill, such as slag, is available

from the local steel mill, consideration could be

given to the utilization of such material for embank-

ment construction. ,

Since the induced surcharge loading would be reduced,
the stability computations carried out, indicate the
following:

- Fills less than 20 ft. in height, may be constructed

with standard 2:1 slopes.

- Fills 30 ft. in height would require a single mid-

height berm 55 ft. in width.

In these computations it was assumed that the unit
weight of the lightweight fill was 90 p.c.f.

In order to minimize the embankment heights and con-
sequently the berm requirements and associated settlements,
consideration should be given to a longer, multi-span
structure over this area.

A1l the proposals discussed are feasible with respect
to stability of the fills. The ultimate choice will, however,
be based on economic considerations.

(3.3.3) Settlement Considerations

The underlying highly compressible cohesive stratum
will undergo excessive settlements due to consolidation, over
a long-term period, under the weight of the approach embank-
ments. Settlements calculations were done using the results
of the tests conducted, in the past, on similar soil in this
general area.




The consolidation settlement, estimated for various
heights of fill, are summarized in the following table:

Estimated
Height of Fill Berm Settlement
Fill Material Requirements Consolidation
Ft. _

30 ft. Locally Available Double - Ea. 3 - 4 yrs,
(Y= 125 p.c.f.) 60" in Width 6 (Max.) - 25 yrs.
30 ft. Lightweight Single 2.5 - 4 yrs.
(Y= 90 p.c.f.) 50' in Width 5 (Max.) - 25 yrs
20 ft. Locally Available Single 2.5 - 4 yrs,
(Y= 125 p.c.f.) 50" in Width 5 (Max.) - 25 yrs.
20 ft. Lightweight Ni1 1.5 - 4 yrs,
(y= 90 p.c.f.) 3  (Max.) - 25 yrs.
14 ft. Locally Available Nil 1.5 -~ 4 yrs.
(vy=125 p.c.f.) 3 - 25 yrs.

It is considered that the estimated settlements may
occur at a faster rate than that theoretically computed, because
of the probable presence of the occasional permeable silt layers
within the cohesive stratum, which would accelerate the drainage
in the lateral direction. In view of this, it would, therefore,
be advantageous to construct the embankments first and leave
them in place for as long a period as possible, prior to con-
structing the structure.

It should be noted that recommendatjons given above are only prelimi-
nary in nature, and it will be necessary to carry out a detailed foundation

investigation

when the final alignment and geometrics are known.

4, " MISCELLANEQUS

The field work was carried out under the supervision of Mr. H. Shah,
Project Engineer, during the period February 24 - 28, 1975, using the
equipment owned and operated by Master Soil Investigation Ltd.

March 5, 1975

#OARR e b

A. PRAKASH, P. Eng.
Senior Engineer.






& @0
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ENGINEERING SERVICES BRANCH - GEQTECHNICAL OFFICE - SOIL MECHANICS SECTION
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ENGINEERING SERVICES BRANCH- GEOQTECHNICAL OFFICE - S5O MECHANICS SECTION
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Ontario Memorandum

To: Mr, C. Mirza, Head, From: Manager, Regional
Soils Mechanics Section, Planning and Design 0ffice,
Downsview, Northwestern Region.

Attention: Mr. M. Devata. Date:  April 2, 1975,

Our File Ref. in Repiy to

Subject:

Highway 17 Four Laning
Sault Ste, Marie Easterly

I wish to convey the appreciation of this
Region for your very prsmyt and efficient response
to our request for assistance with respect to foundation
conditions liable to be encountered on this high
priority project.

Your fiﬁdings and recommendations will be of
great assistance in determining the optimum design
solution, -

We Lo LEES, Manager,
Eegional Planning and
Design Office.

WLL: je

cc Mr, W. Wigle
Mr. We D, Neilipovits
Mr, B. J. McKenna
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Ministry of
@ Transporiation and 4] e~ 3 ¢

Communications

Omaro . Memorandum GEOCRES No,

o

“fo: Mr. B.J. McKenna (2), From: Soil Mechanics Section,

Regional Structural Planning Engr., Geotechnical Office,"

Northwestern Region, West Building, Downsview.

Thunder Bay.
Attention: Date: November 12, 1975.

. . X . ?\g{‘j‘%’\; 2 _? ??s

Our File Ret. W.P, 903-72-18 In Reply 1o Pefe o
Subject:

PRELIMINARY FOUNDATION INVESTIGATION REPORT
for

Feasibility Study of T.C. Hwy. No. 17
(Proposed 4 Lanes)
Garden River Indian Reserve
District No. 18 (Sault Ste. Marie)
W.P. 903-72-18

Due to the urgency of this project we are forwarding to you a
: report containing the subsoil description and the recommendations
!" : . which are based on the information from the field, which are based
on the field data without any laboratory tests to determine the
engineering properties of the subsoil. However, in our opinion,
the datd contained in this report will be adequate for your
evaluation with regard to feasibility studies on this project.

[

It should be noted that the recommendations given in this report
are of a preliminary nature. A complete foundation investigation
will be necessary once the alignment and geometrics are finalized.

v, pevath, A
Supervising Engineer.

Orr,
. Davis,
Lees (2),
French,
.J. Giroux,
R. Morgenroth,
G.A. Wrong,
R. Hore,
5 McCormick, Rankin & Assoc. Ltd.,
. : J. Anderson )
-t ' N.G. Maluzinsky) memo only
G. Sloan )

cce

oGy oM
M X G

Files,
Record Services. J
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PRELIMINARY FOUNDATION INVESTIGATIONvREPORT
' ' for

Feasibility Study of T.C. Hwy. No. 17
(Proposed 4 Lanes)
Garden River Indian Reserve
District No. 18 (Sault Ste. Marie)
W.P. 903-72-18

1. INTRODUCTION

The Soil Mechanics Section was requested to undertake a pre-
Timinary foundation investigation to inveétigate the feasibility of
two alignments, namely, Scheme 'A' and Scheme 'B' for a proposed
crossing of the Garden River by Hwy. 17. This report discusses the
findings of this preliminary foundation investigation.

The Jocations and elevations of the boreholes are approximate,
and are obtained from the plans and profi1es prepared by McCormick,
Rankin & Associates, Consulting Engineers.

Due to the urgency of this project, laboratory tests have not
been carried out to determine the engineering properties of the subsoil.
The recommendations and other related data contained in this report
were already discussed orally between Messrs. M. Devata, W.L. Lees and
D. Jarvis in the Thunder Bay Regional Office, on October 8, 1975,
immediately after the completion of the field investigation work.

2. SUBSOIL AND GROUNDWATER CONDITIONS

A total of five sampled boreholes were put down during the
course of the field investigation. The borings were advanced by means
of a bombardier mounted auger machine,commercially known as C.M.E. No. 55,
adapted for soil sampling purposes.

The pertinent boreholes for each of the respective preliminary
a?ignménts of Scheme 'A' and Scheme 'B' are as follows:

Scheme A (Sta. 287+00 - Sta. 322+00) - Ref. B.H.'s No. 1, 2, &5
Scheme B (Sta. 287+00 - Sta. 320+00) - Ref. B.H.'s No. 3414



The results of the field investigation are summarized on the
Record of Borehole Sheets and on Dwg. No. 9037218-A attached to this
report. -
The subsoil across both schemes consists generally of granular
material ranging in size from sandy silt to sand with trace to some
gravel. The granular deposit in the old river valley area (Ref. Scheme
'A', B.H.'s No. 1 & 2) is underlain by a cohesive Jayer of clay to silty
clay. B.H.'s No. 1 & 2 were terminated in the clay 1ayer,'and thus the
lower boundaries of the cohesive stratum were not established.

3. DISCUSSIONS AND RECOMMENDATIONS

(3.1) General

Two possible preliminary alignments are being considered,
namely, Scheme 'A' and Scheme 'B', for the relocation of Hwy. 17
in the Garden River Indian Reserve area. The proposal in this
area calls for the construction of a new four lane Hwy. 17 as
a divided (100" median) controlled access highway within a 300
foot right-of-way. Preliminary plans and profiles were developed
by McCormick, Rankin & Associates, Consulting Engineers, who are
involved in the feasibility study of this project.

The centreline of the proposed preliminary Scheme ‘A’
runs parallel to, and about 250 feet north, from the centreline
of the hydro right-of-way (Great Lakes Power Co.). Scheme 'B'
runs further north, and within the area concerned, its distance
from the hydro right-of-way varies from about 600 to 850 feet.

At this stage, the specific design details of the proposed
structures are not available. However, it is understood that a
separate three span structure is being cons%dered for E.B.L. and

W.B.L. of Scheme 'B'. . For Scheme 'A’ it is proposed to build a
4 span structure for the W.B.L. and a three span structure for the
E.B.L. Each scheme requires construction of embankments, cuts,
and structures for the river crossing. Presented below in tab-
ular form are the recommendations pertaining to stability and
settlement considerations for the embankments, stability of the
cuts, and also recommendations for the structures and immediate
approaches needed for the Garden River crossing.



Scheme 'A'
Embankments
Sta. 287+50

+ to Sta.
304+00 +

(Ref. B.H.#1
& 2)

Scheme 'B'
Embankments
Sta. 287+50

+ to Sta.
301+30 =

(3.2) EMBANKMENTS

Subsoil & Design Data

B.H. #1 B.H. #2
(585.0) (584.5) Ground elevation
0-33 ft. 0-17.5 ft. Sand, trace to some

gravel, very loose
to compact

33-44.5 ft. 17.5-49.5 ft. Silty clay to clay,

firm to very stiff
(583.2)

(583.5) Water level elevs.

Existing ground: varies from elevs. 581 to 590

Proposed grade: varies from elevs. 600 to 613
(Hwy. 17N) .

No borings were carried out in this area.
However, visual observations indicate that
the subsoil in this area consists of sand and
gravel. This is evident since this area is
used as burrow pit by the C.P.R.

varies from elevs. 600 to 620
varies from elevs. 617 to 624

Existing ground:

Proposed Grade:
(Hwy. 17N)

Discussions & Recommendations  Remarks

The area concerned
Ties in the vicin-
ity of the oxbow
Take area. This
portion is also

part of the old
river valley. Any
surficial organic
material shall be
required to be ex-
cavated prior to the
embankment construc-
tion. This aspect
was not investigated

Embankment heights of up to

31 ft. will be required to
meet the proposed profile
grade. Stability analyses
indicate that the proposed
£i11 heights will be stable
with 2:1 slopes, provided that
the fi11 material consists of
acceptable earth material com-
pacted to the M.T.C.
specifications.

Clay stratum is compressible
& will undergo settlements due

to consolidation. For a 31 ft.

embankment 4-5 in settlement
are anticipated (50% occur in

Embankment heights ?ﬁ‘%eﬁ%Q%ﬁs>
are in the order of about 15 ft.
However, in some localized areas,
£i11 heights of up to 18 ft. will
be required to meet the proposed
profile grade.

No major stability or settle-
ment problems are anticipated.



(3.3) cuts

Subsoil & Design Data

Scheme 'A' No borings were carried out in this area.

However, visual observations were made to
Cuts determine the surficial soils encountered

in the vicinity of the area concerned.
Sta. 302+40 The material to be excavated is expected
+ to Sta. to consist predominantly of sand to silty
307+60 = sand.

Existing ground: elev. 635

Proposed grade: varies from elevs. 598

to 600

(Hwy. 17N)
Scheme 'B' B.H. #4
Cuts (635.0) Ground elevation

.~ 0-15.3 ft. Sand, trace to some gravel,

itgé gg;TEO loose to compact.
309+50 15.3-18 ft. Silty clay to clay, firm.
(Ref. B.H. 18-22 ft. 3andy gravel with cobbles,

22 ft. Encountered refusal to augering,

probable boulders.
B.H. dry

Existing ground: elev. 635

Proposed grade:
(Hwy. 17N)

varies from elevs. 617 to 623

Discussjons & Recommendations Remarks
Cuts of up to 35 ft. will be

required to meet the proposed

profile grade.

Stability problems are not
anticipated for the cuts in this
localized area, if constructed
with 2:1 slopes. Protection of
cuts from erosion due to surface
water runoff may be required.

Cuts of up to 18 ft. will have to
be made to achieve the proposed
profile grade.

Stability problems are not
anticipated for the cuts con-
structed with 2:1 slopes.

No major dewatering problems are
anticipated for the construction

of cuts in this area. Protection

of cuts from erosive forces due to
surface water runoff may be required.



(3.4 a) GARDEN RIVER CROSSING

Scheme 'A' (Ref. B.H. #5) - Sta. 310+00+ to Sta. 325+00+

Subsoil & Design Data

o from 602 to 613.

B.H. #5

(635.0) Ground elevation

0-96.5 ft. Sand to silty sand,
very loose to compact.

(622.3) Water Tevel elev.

(587) River water level

elev.

Existing Ground - east approach
area: elev. 635.

west approach area: varies from
602 to 613.

Proposed grade - east approach
area: varies from 618 to 630
west approach area : varies

Structures: 4 span with a to-
tal length of about 520 ft.
(WBL), and 3 span with a total
length of about 255 ft. (EBL).
Proposed grade varies from
613 to 619,

Discussion & Recommendations

Structure

Due to the loose nature of the sandy, subsoil, spread
footing type- foundations are not recommended at this
site. In the vicinity of the east abutment an end
bearing stratum is not evident in the material
sampled.

Foundations for the abutments and piers, if supported
on No. 14 timber piles and driven to an embedded
depth of 45 ft., will provide an allowable load of
10 _tons per pile. Alternatively, end bearing Franki
type expanded base piles may be considered at this
location. For example, a 16" P rammed shaft could
develop 75~100 tons per pile provided it is extended
some 25 to 30 ft. into the granular deposit.

Approaches

Cuts up to 15 ft. will have to be made on the east bank

to meet the proposed profile grade. Fills of up to
23 ft. will be required on the west bank to arrive
at the profile grade. No major stability or settle-
ment problems are anticipated.

Remarks

The river meanders at thi
crossing. The river
widths at the proposed
structures locations

are about 360 ft. (WBL)
and 100 ft. (EBL). The
banks on the east side
of the river are about
53 ft. above the river
bed in certain locations.
The east bank has natural
slopes steeper than 1:1,
and has eroded away to
quite an extent at places
due to surface runoffs.



Subsoil & Design Data

B.H. #3

(600.0) Ground elevation.

0-5 ft. Sandy silt, very loose
5-32.5 ft. Sand, trace to some

gravel, loose.

32.5-41.5 ft. Sand with gravel
dense to very dense.

(587) Water level elev.

(587) River water level
elev.

Existing Ground - east approach

area: elev. 640.

west approach area: elev. 635

Proposed grade - east approach
area: varies from elev. 626
to 634. '

west approach area:
from 618 to 623.

Structures: 3 span with a total
Tength of about 320 ft. (a-
structure each for W.B.L. &
E.B.L.). Proposed grade varies
from 623 to 626.

varies

(3.4. b) GARDEN RIVER CROSSING

Scheme 'B' (Ref. B.H.#3) - Sta. 305+00% to Sta. 320+00z

Discussion & Recommendations
Structure

Due to the loose nature of the sandy type subsoil,
spread footing type foundations are not recommended
at this site.

It is recommended that the entire structure be
supported on end-bearing steel piles driven into the
dense to very dense sand with gravel stratum. For
feasibility purposes, it is estimated that the max-
jmum allowable loads for the particular pile section

chosen will be achieved at approximate elevation 550.

Approaches

Cuts of up to 18 ft. will have to be made on the
west bank to reach the proposed profile grade.
Comments on this have been discussed elsewhere
under the heading "Cuts".

Shallow cuts of up to about 11 ft. will be required
on the east bank. No major stability problems are
anticipated for cuts constructed with standard
slopes of 2:1. :

Fills of up to about 30 ft. will be required in the
valley area on the east side of the river. No
major stability or settlement problems are
anticipated.

- Remarks

The river at this crossing
follows a fairly straight
course. The river valley
has a bank to bank width
of about 600 ft., while

the river itself is about
120 ft. wide. The valley
floors on the east side of
the river have slopes of
about 4:1., The river banks
are up to about 54 ft. in
height above the river bed.
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4. FEASIBILITY OF SCHEMES

Both Schemes 'A' and 'B' are feasible, but from the foundation
point of view, Scheme 'B' is a more favourable alignment for the
following reasons:

1. Borehole No. 3 (Scheme 'B') indicates a suitable end-bearing
stratum for pile foundations at Elev. 550 (50 feet below the
ground surface). Borehole No. 5 (Scheme 'A') was terminated at
Flev. 538.5 (96.5 feet below the ground surface). No suitable
end-bearing stratum was encountered at the location of B.H. No. 5
to this elevation. Therefore, for Scheme 'B', shorter piles
(50.0 feet in length) will be required to support the structure.
Thus, foundation costs for Scheme 'B' are anticipated to be less
than those applying to Scheme "A'.

2. The east bank in the vicinity of Garden River Crossing for
Scheme 'A' exhibits signs of extensive erosion on the slopes due
to surface runoff. Thus, special measures will be required to
insure stability of the bank due to erosion, if Scheme 'A' is
adopted.

3. Comparing the existing and proposed profile grades of both
‘schemes, Scheme 'B' would require less embankment heights and
depths of cuts.

4. Settlement would probably be greater and long-term in nature
in the old river valley area of Scheme 'A', due to the presence of
the underlying clay to silty clay stratum.. Settlements in

Scheme 'B' will take place during and immediately after con-
struction. Thus, maintenance costs for Scheme 'B' will be lesser
than Scheme 'A',

5. MISCELLANEQUS

The various recommendations outlinedin this report are for
feasibility purposes based on limited amount of field work. It will be
necessary to carry out a detailed investigation when the final design
details are available. Recommendations given in this report are, therefore,



to be regarded as conditional only, and as such, are subject to revision
at a later date. _ ’

The field investigation was carried out during the period of
October 1, 1975, to October 9, 1975, under the supervision of Mr. H. Shah,
Project Engineer. |

The drilling equipment used was owned and operated by Atcost
Drilling Co., Concord, Ontario.

This report was prepared by Mr. H. Shah, and was reviewed by
Mr. M. Devata, Supervising Engineer.

H. Sheyy
H. Shah,
Project Engineer,

/ 77 Lva b

. : , M. Devata,
a . ~ Supervising Engineer.

November, 1975
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CFFICE REP%ON SO EXPLORATION

MINISTRY OF TRANSPORTAT

N AND COMMUNICATIONS~ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE ~ SOIL MECHANICS SECTION
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CFFICE RE?Oi’ ON SOIL EXPLORATION

MINISTRY OF TRANSPORTAT.

N AND COMMUNICATIONS - ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE -~ SOIL MECHANICS SECTION

RECORD OF BOREHOLE N¢2 2
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567.0 o b 88 & of the spoo
7. in sample
7.3 / . 0.3, thus
8ilty clay to clay, ? 5 188 4 + sib.7 its blows/f{.
1 ) count is
occasional thin / 580 4.0 konsidered
layers of sand / & Tw_ ki +$5.6 :gg;g:eprese
i+ s83.4 ¢
/] 7 1™ | pH
some pockets V] |
& thin layers | 550
| g g8 [} 5.6
of silt }/j a
“““““““ 9 (85 I &
/ + o
Firm to Stiff A ] 540 +1e9.2
55
+ieh,7
535.0 ,/, + 88[2
49.5 | End of Borehole
530

20
1505 % STRAIN AT FAILURE
BRI



MINISTRY OF TRANSPORTAT.

1 AND COMMUNICATIONS~ONTARIO

ENGINEERING SERVICES BRANCH -~ GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION

RECORD OF BOREHOLE N2 3

wp  903-72-18 LOCATION Co-ords. 916,805 N; 963,978 E. Scheme 'B'  ORIGINATED BY HS
DIST___ 18 mwy __17 BORING DATE __ October 6, 1975 compitep gy_HS
DATUM Geodetic BOREHOLE TYPE Washboring, NX Casing CHECKED BVW&Z‘
% JoYNAMIC CONE PENETRATION LIQUID LIMIT oWy -
SOIL PROFILE SAMPES 1 & |Resistance pior PLASTIC LMIT —wp | = &
ol « il Zo__do__do 80 1%g_| WATER CONTENT—w | 255
ELEV gfwiw | 31 2 [ISHEAR STRENGTH Wo _wo W 3 | REMARKS
BEPTH DESCRIPTION i B I é’ O UNCONFINED + FIELD VANE y
o el 217 101 & |eouick tRiaxiat  x 1aB vang - | WATER CONTENT % o,
600.0 | Ground Level & Z Letey | 400 800 1200 1600 2000 : GR SA 51 CL
TN B - -
Sandy silt 7
595.0 | Very Loose - 2
50 w12 58 87|+
Sand « Fine to Mediuh
Trace to some gravel.|- T 5a 7 590
2
Lovse "o Tes 4
mmmmmmmmmmmmm /. T R 5.
o gilty clay to clays . /o) T899
Q
:& .'.‘ 6 88 9
[+
O" 570
% 567.5 LSS 8
‘“ EX N O
= *" | sand with gravel L
5 R grave N
o o
& Dense to Very Dense |4 56
558.5 - a9 185 Hooshor
41.5 End of Borehole ‘
’Z«* Note: Three attemptd wie
w made to set up tb
U borehole,in order]
Fri to avoid cobbles *550
5 and/or boulders
which are pregent s Cparsqg gravel obstrupted
in t:g upper S_it. the advancgment|of the spoon
gg gﬁtgranulcr ih sanple No.2,|thus| its
P . bilows/lfoot [count is fonm
siiderdad norn-reptesentative,

20
159-5° % STRAIN AT FAILURE
10



QF FICE Rf?%@l\f SO EXPLORATION

MINISTRY OF TRANSPORTAT N AND COMMUNICATIONS-ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE ~ SOIL MECHANICS SECTION
RECORD OF BOREHOLE N© 4

wWe 903~72-18 LOCATION Co-ords. 917,138 N; 963,340 E. Scheme '3' ORIGINATED By HS
pIsT 1B mwy 17 BORING DATE  October 7, 1975 COMPILED gy___ HS
DATUM _Geodetie BOREHOLF Type 3%" Hollow Stem Augers CHECKED BYM‘@M
il PROEI & JOYNAMIC COME PENETRATION LIQUID UMIT ey | 1
SOiL PROFILE SAMPLES | B leesistance pior PLASTIC LIMIT —w | = &
v 10} « i 26_4o__do_do 10| WATER CONTENT_w | Z 5
ELEV alw ! w |21 2 [SHEAR STRENGTH we w W Z | REMARKS
. R e |
SEPTH DESCRIPTION - rll B R 8 |0 UNCONFINED + HELD VANE y
e 2" | 7] & |eouck TRiaxiaL  x 1aB vANE | WATER CONTENT % o
635.0 Ground Level i £ | ELev 400 800 1200 1600 2000 GR SA 51 CL
0.0 | gand,trace of gravel| "
Loose " 7 1 55 2
Compact | °*}2..l88. 118 630
s
619.7 o 62
15.3 1511ty clay to clay 4 .188 4
617.0 Firm // +
18.0 | Sandy gravel with (4.9
613.0 cobbles. Dense A‘f", doofonn JO0 ¥
22.0 { End of Borehole B.H. Dry
Refusal to augering 610
probable boulders.
* (oarse gravel obstrupted
the advancémentiof the
gspoon |in sdmple| No.5|,
thus {ts blows/foot
cpunt {1s cgnsidered pon-
repredentative

20 \ '
1595 % STRAIN AT FAILURE
10




CFFICE RE?O.)N SOIL EXPLORATION

MINISTRY OF TRANSPORTATH, 1 AND COMMUNICATIONS~ONTARIO

ENGINEERING SERVICES BRANCH- GEOTECHNICAL OFFICE - SOIL MECHANICS SECTION
RECORD OF BOREHOLE N2 5

wp__ 903-72-18 LOCATION Co-ords. 915,822 Ni 964,467 K. Scheme 'A' _ ORIGINATED BY HS
pist 18 Hwy 17 BORING DATE  October 8 & 9, 1975 COMPILED BY _HS
1 patum Geodetic BOREHOLE TYPE _3%" Mollow Stem Augers CHECKED Bv;ﬂ
L PROFILE aMPLES | 2 |DYNAMIC CONE PENETRATION LIQUID UMIT ey b
SOIL_PRO SAMPLES 1 [Resistance pior PLASTIC UMIT ——we| = F
&l n| 2 Zo_ Ao _do do o | WATER CONTENT.w | Z
afw | w | 2] 2 JSHEAR STRENGTH Wy w w, 2 | REMARKS
ELEV o | o = £ ) [ S— S——
BEFFH DESCRIPTION Hlzl >~ 1 & 3 o unconpinen + FIELD VANE y
| 21" | 7] & |eauick TRIAxiAL X 1aB VANE | WATER CONTENT % %
635.0 Ground Level » Z {ELEY GR SA 51 CL
TopsoIl e
Band - fine to very IT™Ts5 110
fine, ’ 630
i IR RT Vi 3
L . During sam
Loosea .. Ling gaterp
A NI XK 5 : as first
L _4,. Encountéred
620.0 . 5 *62 t about
] S5
15.0 811ty Sand 1‘] 622.3
. , fhere the B
. lso caved
) 5_1885 2 i after
Very Loose ! the removal
61 f the
1‘ [ 69 2 ugers.
A i A
V.. Lmﬁe.__". .
. =z 60
Loose to ., 8 185 |13
594, 5 Campact }_ -
40.5 | Sand ~ fine to very |, 2.488 |15
fine I ’
" ome [alio(ms 3] *°
WBEayel el
Loose to Compact R Z
"fi2lss 1 5 38
I EERECR
: 57
“§14 18§ 9
. 560
JoQls iss (16
(some pockets and - :" ’
layers of silty o 550
clay to ¢l a4
te%d 8e§03ysi’f’§?§§’ J
538. 5 - EETEs Iz 540
96.5 | End of Borehole

20
15¢-5 % STRAIN AT FAILURE
10




ABBREVIATIONS & SYMBOLS USED IN THIS REPORT

t Kev. Jum 7 4}

PENETRATION RESISTANCE

tEA-dda

‘N'= STANDARD PENETRATION RESISTANCE - « THE NUMBER OF BLOWS REQUIRED- TO ADVANGE A STANDARD SPLIT SPOON SAMPLER
12 INCHES INTO THE SUBSOIL, DRIVEN BY MEANS OF A 140 POUND HAMMER FALLING FREELY A DISTANCE OF 30 INCHES.

BYNAMIC PENETRATION RESISTANCE &~ THWE NUMBER OF BLOWS REQUIRED TO ADVANCE A 2 INCH, 60 DEGREE CONE, FITTED
TO THE ERD OF DRILL RODS, 12 INCHES INTO THE SUBSOIL, THE DRIVING ENERGY BEING 350 FOOT POUNDS PER BLOW,

DESCRIPTION OF SOIL

THE CONSISTENCY OF COMESIVE SOILS AND THE RELATIVE DENSITY OR DENSENESS OF COMESIONLESS s0lLE ARE DESCRIBED
IN THE FOLLOWING TERMS :«

CONSISTENCY ¢ LB/SQFT DENSENESS ‘N BLOWS / FT.

VERY SOFT o - 250 VERY LOOSE o -4
SOET 250 - 500 LOOSE 4 - 10
FIRM 500 - 1000 COMPACT 10 ~ 30
STIFF 1000 - 2000 DENSE 30 - 50
VERY STIFF 2000 ~ 4000 . ’ VERY DENSE ES 1)

{’ HARD ' > 4000

TERMS TO BE USED IN DESCRIBING S0ILS -~
TRACE < 10% , SOME 10~25% , WITH 25-40% , > 40 % SILTY, SANDY, GRAVELLY, CLAYEY ETC.

TYPE OF SAMPLE

8.5 SPLIT SPOON T.W. THINWALL OPEN

WS WASHED SAMPLE TP THINWALL PISTON

& T  SLOTTED TUBE SAMPLE ‘ 0.5. OESTERBERG SAMPLE
AS  AUGER SAMPLE F5  FOIL SAMPLE

[o8-% CHUNK SAMPLE R.C. ROCK CORE

PH. SAMPLE ADVANCED HYDRAULICALLY
P.M. SAMPLE AUVANCED MANUALLY

SOIL TESTS
U UNCONFINED COMPRESSION L.v. LABORATORY VANE
3V UNCONSOLIDATED UNDRAINED TRIAXIAL F.V. FIELD VANE
¢1U  CONSOLIDATED (SOTROPIC UNDRAINED TRIAXIAL c CONSOLIDATION
cio " 0 DRAINED u .5 SENSITIVITY
cay “ ANISOTROPIC  UNDRAINED o

‘ CAD . “ DRAINED  »



P

My
Ce

Ce

Cy

$u

ABBREVIATIONS & SYMBOLS USED IN THIS REPORT

SOIL_PROPERTIES

UNIT WEIGHT OF SO (BULK DENSITY)
UNIT WEIGHT OF SOLID PARTICLES

UNIT WEIGHT OF WATER

UNIT DRY WEIGHT OF soiL {DRY DENSITY)
UNIT WEIGHT OF SUBMERGED SOIL

i
SPECIFIC GRAVITY OF SOLID PARTICLES G= 7

VOIU RATIO

POROSITY

WATER CONTENT
DEGREE OF SATURATION
LIQUHD LimT

PLASTIC LiWIT
PLASTICITY INDEX
SHRINKAGE LiMIT

LIGUIBITY INDEX ® meei B
le
CONSISTENCY INDEX = W
P
VOID RATIC IN LOOSEST STATE

VOID RATIO IN DENSEST STATE

DENSITY INDEX » Smer 22,
& mox ~ € min

RELATIVE DENSITY Dy IS ALSO USED
MYDRAULIC MEAD OR POTENTIAL
RATE OF DISCHARGE

VELOCITY OF FLOW

HYDRAULIC GRADIENT

COEFFICIENT OF PERMEABILITY
SEEPAGE FORCE PER UNIT VOLUME

COEFFICIENT OF VOLUME CHANGE = (‘;gea&

COEFFICIENT OF CONSOLIDATION

Be
Fa) |Og w

COMPRESSION INDEX =

TIME FACTOR « fié&’— { d, DRAINAGE PATH )

DEGREE OF CONSOLIDATION
SHEAR STRENGTH

EFFECTIVE COMESION
INTERCEPT

EFFECTIVE ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

APPARENT COMESION

APPARENT ANGLE OF
SHEARING RESISTANCE,
OR FRICTION

COEFFICIENT OF FRICTION
SENSITIVITY

IN TERMS OF
EFFECTIVE STRESS

Ty= ¢+ O ton ¢

IN TERMS OF
TOTAL STRESS

e+ o fon g

T
e

loge? OR Ing
logwo or log a

S X oMLy m 3 qq <

Z20Or W

e e o

GENERAL

51416

BASE OF NATURAL LOGARITHMS 2-7183
NATURAL LOGARITHM OF &
LOGARITHM OF @ TO BASE {0
TINE

ACCELERATION DUE TO GRAVITY

VOLUME

WEIGHT

MOMENT

FACTOR OF SAFETY

STRESS AND STRAIN

PORE PRESSURE

NORMAL STRESS

NOHMAL EFFECTIVE STRESS (O 15 ALSO USED)
SHEAR STRESS

LINEAR STRAIN

SHEAR STRAIN

POISSON'S RATIO { | IS ALSO USED)

MODULUS OF LINEAR DEFORMATION { YOUNGS MODULUS )
MODULUS OF SHEAR DEFORMATION

MODULUS OF COMPRESSIBILITY

COEFFICIENT OF VISCOSITY

EARTH_PRESSURE

DISTANCE FROM TOP OF WALL TO POINT OF APPLICATION
OF PRESSURE

ANGLE OF ’WALL FRICTION

DIMENSIONLESS COEFFICIENT TO BE USED WiTH VARIGUS
SUFFIXES IN EXPRESSIONS REFERRING TO NORMAL STRESS
ON WALLS

COEFFICIENT OF EARTH PRESSURE AT REST

FOUNDATIONS

BREADTH OF FOUNDATION
LENGTH OF FOUNDATION
DEPTH OF FOUNDATION BENEATH GROUND

DIMENSIONLESS COEFFICIENT USED WITH A SUFFIX APPLYING
TO SPECIFIC GRAVITY, DEPTH AND COMESION ETC. IN THE
FORMULA FUR BEARING CAPACITY

MODULUS OF SUBGRADE REACTION

SLOPES

VERTICAL HEIGHT OF SLOPE
BEPTM BELOW TOE OF SLOPE TO HARD STRATUM
ANGLE OF SLOPE TU HORIZONTAL
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rril
700

;l/ \
GARDEN Ri

PROPOSED STRUCTURES

549

ALGOMA

R —— I

SUGAR  1SLAND

{AXE  GEORGE

KEY PLAN '
2 1 2] 7 4 6 M;Eef

LEGEND
" Bore Hole

~$~ Dynamic Cone Feretrabon Reystance Test
WF CONE - Blows/ Fr. Cone Test {35012 bx enwrgy/ blowl

-$- Bore Hole & Cone Test

=X Water Levalt esfoblivhed of fime

. cnsocireo JARDENE MINES RD. ‘f« N " ADE __ L M of field investigation, QCT. 1975
439 ! : 1S oo 3 3 : / PROPOSED SR ES~ £30
| 2 e s o A
820 B g / " bt SAND TRacE OF GRAVEL __)(__ @ 7 .
———— v, — &
—— r 1o CLAY Fiem, <
H00SANDY GRAVEL \ 3 / CO-ORDINATES
610 l /\ VAR i1 4 010 No. {etgvation] oo SHEINEIES
s s ) /
£00 w' 500 1 5850 | 916,885 | 962,624
SARDY SHT
Visow  [LU3 / 2 s84-5 | 917,277 [ 981,942
590 R i 590
SEND E - , 3 600-0 | 916,805 | 983,978
FINE TO mep L ) AT :
580 mEIOSOME [ : 530 P $350 1917138} 963,340
s ?‘_Z..:SFE!'YC!.A‘llcCiﬂ\' Shff ; x &350 915,822 &4, 267
570
0% 2.3
sanp Rl
2440 s cm.mgxucéﬁ;% 2;4 :;”U S50
550 £ g %r- : g‘
£ : 550
1 T
. ( @ PROFILE - SCHEME 'B
2 41 5
S40
. "N $40 — NOTE —
830 f o /—_\ To The boundories betwesn sad siroto have been syicbiishad eeiy of
i ¥ vty $18 Bors Hole locatsons. Betwean Bors Holes the boundarias ore ossumed
. M N E - SJiND FENE:O_V’_F%-"“'— from gaclogical svidence .
420 i & 3 -y [t 020
3 & erisd
sl “\T"“"E--._ / \ aufg/—g”’—f } 7 SHTY SAND Vloose olo
< —--‘\ {7 A - HiEd
400 \ 8 S ————— / \ —t mF TR e 600 3
\ - 11 il §
o \‘\_\ [ ;ii. s sog MHaromar: DE NCAFT
: <=7 E v
340 == b 580
. - MINISTRY OF IRANSPORTATION AND COMMUNICATIONS—-ONTARID
9 Y SANE owt oy e 570 ENGIEERING SERVICES BRANCH-GECTECHMICAL OFFICE - SDIL MECHANKS SECTION
.- Loce ts Coma. PRELIMINARY INVESTIGATION
I ) e - FEASIBHITY  STUDY
HWY. 17 & GARDEN RIVER INDIAN RESERVE
b
e 330 wiGHwar no 17 o5t no 18
s40 o DIST. OF ALGOMA GARDEN RIVER INDIAN RESERVE
ey 340 TWP tor con
29 8 530 BORE HOLE LOCATIONS & SOIL STRATA

€ PROFILE © SCHEME ‘A’
VERE T W0 0 SCAlE 20 &0
HRZ00 K0 ¢ 200 400

FT.

SUBMD M S [CnNECKED

WP NG 9C3-72-18

CRAWING MO

?037218-A

ouawn 5.0, CrECeEn w0 NGO
CATE 16 QCT. 1975 W NG HOGE SRAw NG NO
APPRECNED CONT NO
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