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FOUNDATION INVESTIGATION REPORT
For
Hwy. 416 and Bankfield Road Underpass
W.P. 123-87-03 Site 3-553

Hwy. 416, District 9, Ottawa, Nepean

INTRODUCTION

This report summarizes the results of a foundation investigation carried out at
the aforementioned site. A two lane, two span structure has been proposed to
carry the east and west bound lanes of Bankfield Road over Hwy. 416. This
report contains factual information obtained from this investigation pertaining
to structural foundations and related earthworks.

SITE DESCRIPTION GEOLOGY

The site is located % km east of Cedarview Road along Regional Road No. 8
(Bankfield Road) in the City of Nepean, Region of Ottawa-Carlton. The area
consists of farmers fields to the north and south with radio towers located % km
within the south field. Regional Road No. 8 (Bankfield Road) is a narrow paved
two lane road with drainage ditches beside both shoulders. The terrain
surrounding the site is flat with short wild grassiands.

Physiographically, the site 1ies in the area known as the Ottawa Valley Clay
Plains founded in the lowlands of the St. Lawrence which are characterized by
clay plains interrupted by ridges of rock or sand and gravel. The bedrock in
the area is of the Gull River formation of the middle ordovician period. It
consists of limestone with interbedded shale Tlayers. The overburden is
relatively thin and was deposited during and immediately following the
Wisonsinan Glaciation. At which time the area was depressed from the effect of
the Glaciation. Following the retreat of the glacier, the brackish waters of
the Champlain Sea flooded the area and then gradually receded as the land
rebounded with the deposition of sediments to its present level.

INVESTIGATION PROCEDURES

Soil data and inherent properties were obtained by in situ and laboratory
testing. The procedures employed are discussed below.



Field Investigation

The fieldwork for this investigation was carried out between 91 01 23 and
81 01 30 and consisted of a total of 7 sampled boreholes. Five of these
boreholes were located at the various structure locations. These boreholes were
advanced to a maximum depth of 14.7 m to 16.5 m below existing grade. The two
remaining boreholes were located at the approach embankments and were advanced
to depths of 9.1 and 9.6 m below existing grade.

The boreholes were advanced using conventional holilow stem augering techniques.
Both a track and truck mounted CMES5 continuous flight auger drill rigs were
employed for the operation. Conventional rock coring methods were applied in
retrieving rock core samples. Standard BXL core barrels within BW casing were
used. In general, subsoil samples were retrieved at 0.7 m intervals from the
top 6 m depth and at 1.5 m intervals thereafter. Disturbed subsoil samples were
retrieved by a split spoon sampler in accordance with the Standard Penetration
Test (ASTM D1586).

A1l soil and rock samples were jidentified in the field and returned to the
laboratory for further examination and applicable testing.

Water levels were monitored throughout the duration of the investigation in open
boreholes. All boreholes were backfilled upon completion of the fieldwork.

Survey information related to the 1location and elevation of boreholes was
provided by the Surveys and Plans Section with Eastern Region, Kingston.

Laboratory Analysis

The following laboratory tests were carried out on selected soil samples:

1) Atterberg Limit Tests

~ 2) Grain Size Distributions
3) Unit Weights

4) Natural Moisture Contents
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Laboratory test results are given in the following section of this report and
are illustrated on figures and borehole logs included in the Appendix.

Subsurface Conditions

General

In five of the seven boreholes put down at this site, a surficial layer of
clayey silt (fill) was encountered for a thickness of 1.4 m to 1.8 m. 1In
BH 8, located at the east abutment, the surficial layer consisted of a clayey
silt deposit for about 1.4 m. Surficially in BH 2, located at the pier location
and underlying the clayey silt layer in BH 8 and the fill in the remaining
boreholes, a silt, some clay, trace of sand deposit was encountered. Underlying
the silt deposit, a layer of heterogeneous mixture of silt, sand and gravel
{Glacial Ti11) was found in all boreholes. Dolostone bedrock was encountered
below the Glacial Till deposit at depths ranging from 12.5 to 14.0 m. Boulders
and cobbles were also encountered in the Glacial Till deposit near the bedrock
surface. A |

The plan and location of borings and the stratigraphical profile are shown on
Drawing No. 1288703-A7 in the attached Appendix. The results of all field and
laboratory tests are plotted on the Record of Borehole sheets, also included in
the Appendix of this report. A brief description of the different soil strata
is given below. '

Clayey Silt some Sand (Fill)

_The surficial layer at the site consisted of 1.4 m to 1.8 m of a clayey silt,
some sand fill encountered at all boreholes except at BH's 2 and 8.

Results of Grain Size Distribution tests carried out on select samples are shown
on Figure 1 in the Appendix in an envelope form. The deposit is comprised
primarily of 0% gravel, 1-22% sand, and 62-87% silt and 12-20% clay.

The results from the Atterberg Limit tests performed on the fine fraction of
this deposit are summarized as follows:

*Drawing No 2 (Sheet 438) of the Contract Drawings.



Range No. of Tests

Natural Moisture Content (w) 17-31 4
Liquid Limit (w) 22-37 4
Plastic Limit (wp) 14-20 4
Plastic Index (Ip) 8-17 4

From the plasticity chart (Figure 2), this deposit can be classified as clayey
silt of Tow to intermediate plasticity. Unit weight measurements carried out on
select samples from this stratum yield dry unit weights of 18.9 to 22.5 kN/m3.

The 'N' values obtained from the Standard Penetration Test ranged from 5
blows/0.3 m to 6 blows/0.3 m indicating the material to have firm consistency.

Clavey Silt, some Sand

This deposit was encountered in BH 8 as a 1.4 m surficial layer.

Results of a Grain Size Distribution test carried out on a representative
sample are shown on Figure 3 in the Appendix. Based on these test data, this
deposit is comprised of 0% gravel, 16% sand, 68% silt and 16% clay.

The results from the Atterberg Limit test performed on the fine fraction of the
above sample showed a Natural Moisture Content (w) of 29.5, a Liquid Limit
(w ) of 31, a Plastic Limit (wp) of 19 and a Plasticity Index (Ip) of 12.

From the Plasticity Chart (Figure 4) this layer can be classified as clayey silt
of low plasticity. Unit Weight measurements carried out on the sample yield dry

Unit Weight of 18.9 kN/m3.

The Standard Penetration Test revealed 'N' value of 10 blows/0.3 m. Based on
this value, the material can be described as stiff.

Silt, trace of Sand, some Clay

A silt, trace of sand, some clay deposit was encountered, underlying the
surficial layer in all boreholes at an elevation of 92.1 m to 93.3 m at



corresponding depths of 1.4 fo 1.8 m. In BH 2, this deposit was encountered as
a surficial layer of 5.6 m.

Results of Grain Size Distribution tests performed'on this deposit are shown on
Figure 5 in the Appendix, in an envelope form. Based on these test data, this

deposit is compriéed of 0-1% gravel, 2-54% sand, 40-87% silt, 6-14% clay.

Field observations in BH 5 also indicated that approximately the upper 1.4 m of
the silt layer consists of clayey silt fill.

The results from the Atterberg Limit tests performed on this deposit are
summarized as follows:

Range No. of Tests

Natural Moisture Content (w) 13-17.5 5
Liquid Limit (wp) \ 17-21 5
Plastic Limit (wp) 14-18 5
Plastic Index (Ip) 1-5 5

From the Plasticity Chart (Figure 6) the layer can be classified as a silt of
low plasticity. Unit Weight measurements carried out on select samples from
this stratum yield dry Unit Weights of 22.3-23.3 kN/m3.

Standard Penetration tests carried out in this deposit revealed 'N' values
ranging from 5 blows/0.3 m to 44 blows/0.3 m. Based on these 'N' values, the
material can be described as having a very loose to dense but generally from
compact to dense state of relative density.

Heterogeneous mixture of Silt, Sand and Gravel with Boulders and Cobbles
(Glacial Ti11)

Underlying the silt, trace of sand, some clay layer, a deposit of heterogeneous
mixture of silt, sand and gravel (Glacial Ti11) was encountered at an elevation
‘of 86.4 m to 89.0 m at corresponding depths of 5.6 m to 8.2 m.



Results of Grain Size Distribution tests carried out on select samples from this
layer are shown on Figure 7 in the Appendix, in an envelope form. Based on
these test data, this deposit is comprised of 9-67% gravel, 17-47% sand, 0-44%
silt, and 0-7% clay.

Cobbles and boulders were also encountered in the Glacial Till deposit with
numerous ones near the bedrock surface.

The results from the Atterberg Limit tests performed on the fine fraction of
this deposit are summarized as follows:

Range No. of Tests
Natural Moisture Content (w) 7.5-11 6
Liquid Limit (wp) ‘ 13-14 3
Plastic Limit (wp) 10-12 3
Plastic Index (Ip) 2-3 3

From the Plasticity chart (Figure 8), this deposit can be classified as silt of
slight plasticity. Unit Weight measurements carried out on select samples from
this stratum yield dry unit weights of 23.5 kN/m3.

In this stratum the Standard Penetration resistance, 'N' values ranged from 18
blows/0.3 m to 107 blows/0.3 m indicating that the material had a compact to
very dense state of relative density.

Bedrock

The glacial till deposit is directly underlain by dolostone bedrock of the Gull
River Formation. The bedrock was cored in a BXL double core barrel at the
structure foundation locations up to 2.6 m in length.  The bedrock surface
varies between elevation 80.7 m to 81.9 m which is equivalent to depths of 12.5
m to 14.0 m below the ground surface. The dolostone bedrock is generally fine
grained and medium dark grey to light grey in colour. Dark grey shale was also
found interbedded in the dolostone. Detailed descriptions of the bedrock are
attached in Table 1 in the Appendix, entitled "Description of Rock Core".



Core recoveries and rock quality designations (RQD) were determined in situ and
also in the laboratory to evaluate the competence and integrity of the rock.
Rock core recoveries varied between 65 and 100% while RQD's varied between 31
and 64%.

GROUNDWATER CONDITIONS

Observations of the groundwater level were carried out by measuring the water
level 1in open boreholes. Groundwater 1levels determined at the time of the
investigation were approximately 1.5 m (elevation 93.2 m) to 3.0 m (elevation
90.9 m) depth. It is considered that the water levels observed in BH's 2 (88.6
m) and 7 (89.7 m) do not reflect stabilized ground water levels. Groundwater
levels were also measured on April 12, 1991 (approximately 4 months after
investigation) in BH's 1 and 7 and were found to be 0.46 m below ground
surface. Based on the above observations it is considered that the water table
at this site ranges between elevations 91 m and 93 m.

Soil cave-in. was encountered in the boreholes upon penetration of the
cohesionless silt below the prevailing groundwater due to unbalanced hydrostatic
head. Wash boring techniques were employed to advance the boreholes thereafter.

Groundwater levels, in general, are subject to seasona] fluctuations and hence
can vary from the va1ues given in this report.
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MISCELLANEOUS

The fieldwork for this investigation was carried out under the supervision of M.
Michalek, Junior Foundation Engineer, and F. Tannous, Trainee Engineer utilizing
equipment owned and operated by Johnston Drilling Co.

The project was carried out under the general supervision of Dr. B. Iyer, Senior
Foundation Engineer. The report was written by F. Tannous, reviewed by Dr. B.
- Iyer and approved by Mr. M.S. Devata, Chief Foundation Engineer

B. Bennett, P. Eng.
Sr. Foundation Engineer
(Acting)

D Denctan

D. Dundas, P. Eng.
Chief Foundation Engineer
{(Acting)
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7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
| CLAY & SILT Fine [ Medivm T Coarse Fine |  Coarse
GRAIN SIZE iN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric}
1 2 3 4 5 1Y 20 30 40 50 7S5um 150um 300um &00um 118 mm 2.36mm ¢.5mm {9.0mm 375mm  563.0mm

100 il” ”lI 53um o pm '2SGulm 425 pm B50 um 2.00mm ‘¢.?5mm ¥3.2mm 26.5mm 53.0mm 75.%mm

90 10

80 20
70 z0
€0 400
‘é 2
2 2
< P

50 50
z LEGEND z
= BH [SAMPLE SYMBOL =
a 40 80 =
N
3o élf/b 70
“
20 '%.‘ 80
{0 90
i
o] LR i _ 100
I 2 3 4 s 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 4 LU L AT VS
MINISTRY SIiEVE DESIGNATION {!mperial ]
Minstyof GRAIN SIZE DISTRIBUTION FIG No 1
CLAYEY SILT WP 123-87-03
Ontario (F“. L ) ,__,
N




" Qct 75, FF-5-21

60
50 yd
CH /
40| /
s Cl Q/ /
& ~ ‘ \’\é
: s
5. 30 ,
G
g “ LEGEND
20 / B H SAMPLE | SYMBOL
1 1 ™
¢ 3 1 n
/ | 4 ] a
‘ M OH 7 1 o
10 ‘
A ° /
s ——— TR <
T C\L\‘\N\‘%\\\\\W
/ Mi ot
ML {/ ML ot
% 10 20 30 40 50 Y 70 80 90 100
LIQUID LIMIT % :
oy oion PLASTICITY CHART FIG No 2
. CLAYEY SILT,SOME SAND WP 123-87-03
Ontario o
( FILL) »




78 12 M

UNIFIED SOIL CLASSIFICATION SYSTEM

RETAINED

PERCENT

CLAY & SILT SAND GRAVEL
_ Fine ] Medium | Coorse Fine | Coarse
GRAIN SIZE (N MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric)
t 2 3 45 10 20 30 40 50 F5pm 150 um I00um S00um 1.18 mm 2. 36mm 9. 5mm 19.0mm 3I75mm  £30mm
100 ! ”I ”” Sum 104pm 250u1m 425 um B50 pm 2.00mm 4.75mm 13.2mm 26.5mm 53.0merg 75.0mm
[ ] 0
30 J-* 10
80 / 20
o ){/ 0
60 40
/
a
3
50 Vi 50
o /
z / LEGEND
U
& / 8H |SAMPLE SYMBOL
o 40 7 - 60
/ 8 3
30 : 70
// i
Vs
/
20 80
A
/L/
10 90
I) 100
I 2 3 45 10 20 30 40 270 200 140 100 6050 40 30 20 (6 108 4 " 2 W 0 1R el

MINISTRY SIEVE DESIGNATION (imperial)

Yinisiry of GRAIN SIZE DISTRIBUTION FIG No 3

Ontario

Transportation
CLAYEY SILT, SOME SAND WP 123-87-03

14!




Oct 75, FF-5-21

60
50 e
CH ‘ /
40 /
R o
>
o
Zz
.. 30
o
b
é ct . LEGEND
/ ' BH SAMPLE | SYMBOL
20 :
/ | Pt
" / MH OH
10 ' //
2uaatiadl - <
B NN |
P oM ol
ML 7 M oL
0 I
) 10 20 - 30 20 50 60 \ 70 80 90 100
LIQUID  LIMIT %
f:,‘}‘;‘g;;m PLASTICITY CHART | fiG No 4
o CLAYEY SILT, SOME SAND WP 123-87-03
O




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & SHT - - : C
Fine | Medium [ Coorse Fine | oarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE OESIGNATICN [ Metric)
i 2 3 4 3 i 20 30 40 50 7S5um 150 um 00um 400 um 1, 18mm 2.36mm 2.5mm i9.0mm 375mm 53 0mm

160 | l” ““ 53um 1G5 um l 250uira 425um 850 um 2.0€;mm 4.75mm 13.2mm 26.5mm 53.0mml 75.0mm

3 5 QS 005 D DOSOAN FAA DO KXWASARRR 10 000 0
P’

80 o
20 20
70 30

o 80 400

z 2

3 2

3
50 50

5 LEGEND 5

& BH [SAMPLE SYMBOL <

& 40 &0 &

{i-
30 70
<
(7
20 (O 80
<
10 20
o 100
! 2 3 5 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 4 M V2 Yo IR gr 2l
MINISTRY SIEVE DESIGNATION [ Imperial }
Transponaton GRAIN SIZE DISTRIBUTION FIG No 5
Ontaro SILT, TRACE SAND,SOME CLAY WP 123-87-03

21




Oct 75, FF-5-21
60
50 /
CH /
40 / ;
& C1
oy
o
Z
5 30
Y
B ct LEGEND
/ BH SAMPLE | SYMBOL
20
i 2 ®
' ] 7 "
/ 2 | 3 | a
- e OH 3 3 o
10
/ 5 2 o
T 5 4 | &
- ) M1 ol
ML
o o™ 4 ML ot |
0 10 20 30 40 50 60 70 80 90 00
LIQUID LIMIT % _
T e ion PLASTICITY CHART TFIG No 6
o= SILT, TRACE SAND,SOME CLAY WP 123-87-03

L




7812 M

UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLAY & Sut Fine | Medium | Coorse Fine { Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
} 2 3 45 10 20 30 4050 g5 150 um 00um 60Gum LiBmm  2.3&mm 9.5mm 19.0 men 375mm  63.0mm
100 I [ H i ¥ H S3um 106um 250um  425um 850 um 2.00mm 4.75mm 53.0mm{ 75.0mm
o
|
80 1o
80 20
70 30
o 59 408
z z
2 z
3 2
50 50
E LEGEND E
(o) o
& H  [SAMPLE SYMBOL &
a 40 60 >
30 & 70
Y
20 < 5 80
e
i0 90
o " 100
! 2 3 45 10 20 30 40 270 200 146 100 €050 40 30 20 I8 108 4 M W 1 aralp e
MINISTRY SIEVE DESIGNATION {tmperial}
@ Minstryof GRAIN SIZE DISTRIBUTION FIG No 7
portation
_ HETEROGENEOUS MIXTURE OF SILT, SAND & GRAVEL WP 123-87-03
Ontario WITH NUMEROUS COBBLES & BOULDERS {GLACIAL TiLL) ®




Oct 75, FF-5-21

60
50 /7
cH /
40 /
X ol
z
z
530
o
§ cL LEGEND
/ 8H SAMPLE | SYMBOL
20
3 9 .
‘ 4 5 »
/ 7 9 A
: MH OH
o ———— R ~ 4
RN
P Mi ot
Mt
o " !/ ML o1 7 7
) 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %
Minstoyof PLASTICITY CHART FIG No 8
N HET MIXTURE OF SILT,SAND & GRAVEL WP 123-87-03
arg

(GLACIAL TILL)

61




Ministry of
Transpoctation

Foundation Dasign

Ontario 20
RECORD OF BOREHOLE No 1 1or2  METRIC
W.P. _ 123-87-03 LOCATION Co-ords: N 5 007 797.7, E 364 678.8 ORICINATED BY_MM.
DIST.... 8 HWY 416 BOREMOLE TYPE _HS_Auger, BXL Core Barrel COMPILED BY _..ET. ...
DATUM _Geadetie DATE Jon. 23, 1991 CHECKED BY__ 8.
SOIL PROFILE sampLEs | & Y| DN CGONE PENETRATION NATLRAL -
Lol & PASTC  wostune  UGUD | T | REMARKS
5 wl|*3] @ 20 40 60 8o oo W7 cwmd U 2@ «
- § > = > I
ELEV Z|d|w|2[25] & [sMear STRENGTH kP P 7% | oran size
DEPTR DESCRIPTION 2|2 5| F13Z] & |ouscowmen  + mEwo vane » |pisTRIBUTION
Ground Surh g2 = | &S] 2 | ouck maxa, g vane [WATER CONTENT (%) 4 @
94.7 rounc Suriace 7] = P 20 40 60 80 100 20 40 60 kN/mlor sA si CU
0.0
Cloyey Silt, some Sand
Brown, Firm 94
(Fmy 141 %8 [3 o 176 {0 186 64 20
93.3
1.4 Y
2)ss | 7] 93 o 8 81 13
Sit, troce Sond, some Clay
Compact to Denze
3| ss| 18
82
Brown M
~~~~~~~~ 91
Grey
5| ss| 25
6| s5 ]| 26 ° o 0 2 84 14
89
718 | 36 o 226 {0 3 87 10
88
87
8155 | 46
86.4
8.2
reC fiox - ROD 15%
Heterogeneous mixtue of Silt,
Sand
nd end Grovel 75 ° 23 47 27 3
Cobbles ond Boulders
85
{Glocil Till)
Grey, Compact to very Dense 2
8
83
with numerous boulders REC }33% ROD 0%
61 ° 67 33 0 0
CREC] 100% 82 IR
REC | 14% RAD 0%
81
80.7 rec J17x RQD 0%
140 Dolostone Bedrock
" REC {100% RQD 612
Unweothered ta slight!
w::tnhaere‘::l o Sy 80
i4 REC | 65% ‘Al ROD 402
[ 1 4 -
Continued o3 5 Numbers refer to I" Continued

" Sensliivity

20
1595 (%) STRAIN AT FAILURE
10



@ Ninistry of
Transpertation

Foundution Design
Onteriy
RECORD OF BOREHOLE No 1 2 OF 2 METRIC
w.e, _123-87-03 LOCATION _____ Co-ords: N 5 007 797.7, E 364 678.8 DRIGINATED BY.MM.
DIST._ 9 HWY 418 BOREHOLE TYPE .HS. Auger, BXL Core Borrel COMPILED 8Y . Eli .
DATUM _Gsodetie DATE don. 23, 1991 CHECKED BY...8L
WPLES r DYNAMIC CONE PENETFGAON
SOIL PROFILE saveies || 3 | Ressviee por e Jo vwm| L2 | ReMarks
Sl l8fZ8] 2|2 o ® » w [, N |35 =«
ELEV. DESCRIPTION clel g 3 %g S [sHEAR STRENGTH kP - 1 STmBUTAN
e =13 z Z1 & |o unconemen + FIELD VANE
OEFTH El217 |2 | 3] £ |oouek manw xuswae [WATER CONTENT (%) 7 S R
Continued = z o 20 40 80 100 20 40 60 kN/milGR SA 81 CL
305
79
18 | RC | REC J&8% RQD 40X
781
16,51 End of Borehiie

43 5, Numbers refer 1o
* 7 7 Sunstiivity

20
1545 (%) STRAIN AT FAILURE
10




Miriwlry of
Transporiation

Feundoton Design

Ontario 2 2
RECORD OF BOREHOLE No 2 1 OF 1 METRIC
WP, __123-87-03 LOCATION Co—ords: N 5 007 8043, € 364 716.7 ORIGINATED BY_M-M.
DIST_9 HWY 416 BOREHOLE TYPE _HS Auger, BXI Core Harrel COMPILED BY _F.T.
DATUM _Geodetic DATE Jan. 29, 1991 CHECKED BY B.l,
SOIL PROFILE sampLes | B | 3 | RRMRE o S N TN
L var e Mo RO 2% REMARKS
5 @|38] 2| _» w0 e @ e (7 P UPER T,
- =
ELEV alidlw| 2125 & [sHEAR STRENGTH kPo P e M F | oran sz
DEBTH DESCRIPTION clZI 5| 3|38 G |ouwcowme  + mew vae 5 |oisTRIBUTION
L B L | 5O & |*quck mana  x uas VANE [WATER CONTENT (%) 3 (%)
93.5] Ground surfoce v - o 20 40 B8O 80 100 20 40 60 kN/mi'|gr SA Si CL
0.0
Silk .troce Sond, troce Cloy 83
Compoct to Very Dense 1 s 18
42
Brown 2] 5% 15
Grey
3188 Ad 91 $ 22.3 0O ¢ 8 9
4] 55| 81
20
5| 58 25
89
s|ss| 7| ¥
87.9 88
5.5 -,‘él 7 | ve | rec Jasx RQD 28%
Heterogeneous mixture of E"
Siit, Sond ond Grovel a7
Cobbles ond boulders 8 RC { REC j4e4% RAD 27%
(Glocial Til}
Grey., Very Denze B6
8| S8 73
a5
%l 10| $5 | 100§ /13em § a4 40 7
with numercus boulders
84
11| RC | REC J10% RQD 0%
Al 12 | R | Rec |75z 83 ROD 38%
13 | re | Rec Jezx RQD 0%
14 | RC | REC |38% 82 RQD 46%
Fial 15| " | rec Josx RQD 67%
80.7 Pi3l 16 | RC | REC |5ex & RGD 46%
12.8
Doloatone Bedrock 17| RC | REC |100% RAD 0%
Unweathered to slight 7 80
woathered o slightly =
=~
! 8| RC | REC J100% ROD 64%
0 79
78.6 T
14.9 | End of Horehcle
43 x5 ; Numbers refer to

" Sansiiivity

20
1545 (%) STRAIN AT FAILURE
10




Mintytty of

Transporistion Foundeton Design
tntert 23
RECORD OF BOREHOLE No 3 10F 1 METRIC
WP _ 123-87-03 LOCATION ____Co—ords: N 5 007 8360, £ 364 735.7 ORIGINATED BY . MM. .
pist_...8 HWY 4186 BOREHOLE TYPE .HS. Auger, BX. Core Borrel COMPILED BY __E.T.
DATUM . Geodetic DATE don, 28, 1991 CHECKED &Y. Bl
SOIL PROFILE sampLes | & 1 Y | ReSsmace por 5 oY [N R
2| © Se wenme 1O o | REMARKS
§ < EX- 20 40 60 B0 100 | v w | 3G &
o =]
ELEV Elu|w| 3|85| & |SHEAR STRENGTH kPo P oM TF oA sz
DEPTH DESCRIPTION =12 5| 5| 33| & |o uwconmen + FIELD VANE v [DISTRIBUTION]
94.4 | Ground Surfoce n £ & 20 40 60 80 100 20 40 60 | kN/nifor sA s cL
0.0 N
mssnl:‘td with orgorics, o4
Brown, Firm 1lss] s Lo 192 o 14 7195
sag| W
1.4 93
2{ss] 1
Sitt, troce Sond, soms Cloy ;
Compoct to Dense
3lss| 2 82 228 |o wez 8
“ 4]ss| 20
Brown a1
Gre
4 ; u siss| 2
90
& S5 +
B9
7|ss| s - 1 2z 8215
87.3
T4 b
- a7
Heterogenaous mixture of
Siit, Send ond Grovel 88 18
{Glaeial Til)
Compoet 86
ss | 18 85 ¥ 3417 4 5
with numerous boulders ae | ree a7 ROD 78%
84
1760 | /5em
:'E:'_ﬂ% 100% G I0: —
a3
re | REC {100% RUD 76%
819 82
12.5 3 e | rec Jozx RQD S1%
Z
Dolostons Bedruck %
B 81
Unweathered to slightly “ &
weothered Nﬂ’,
N 15 | e | e [as= RQD 47%
2
5= g0
79.6 R
148 End of Borehole

¢

25 5 Numbers refar 1o
' Sengltivity

20 '
1545 (%) STRAIN AT FALURE
1



@Mlnmry of
Transpertation Foundation Owsign
Ontario 24
RECORD OF BOREHOLE No 4 10F 1 METRIC
W.P. . 123-87.03 LOCATION Co—ords: N 5 007 771.5 E 364 660.2 ORIGINATED BY.FE.L
DIST...... 2 HWY 418 BOREHOLE TYPE _HS Auger, BXL Core Borrel COMPILED BY _.I.T.
DATUM _Geodetic DATE Jan, 24, 1991 CHECKED BY .. Bl
[ i ) DYNAMIC CONE PENETRATION
SCIL PROFILE SAMPLES Li nd STANCE PLOT NATURAL ™
Rl B |TSTNERT 2 Jaew done umel oF | Rearss
3] BlFa] 9 % 4 s 8 100 | w w | 3@ &
« o
FLEV zlwlw|3|25] & |sHEAR STRENGTH KPa oM F | craN sizE
DEPTH DESCRIPTION 2|2 2|3 |85] & |owcome  +mEo v | 5 [pisTRIBUTION
glz o | O] I |o ouck muxa  x uas vane [WATER CONTENT (%) | &
9391 Cround surfoce n : o 20 40 60 80 100 20 40 60 KN/ |GR SA St CL
0.0 b
Clayey Sit, troce SAnd
Brown, very SHff 93
(@]
921
- 1S5 | 28 et 225 |0 1 87 12
1.8 92
Silt, some Clay, troce Sand
Comport to Dense
91
4
2|85 | 27
b R s
Grey
3|S5 | 28 g9
88
4| 855 N
86.8 87
7.1 !
Heterogeneous mixture of 'le
Silt, Sond ond Grovel -; .
%Is ss | 2 86 H 23 41 3 6
(Clacial Til) -
848 b, 85
9.11 End of Barehole
« disturbed sampla

+3’ xs , Numibars refer to

20
* Sunsiiivity 15%5 {%) STRAIN AT FAILURE



@mmm, of
Transporiation

Foundotion Dexlgn
Ontoria 2 5
RECORD OF BOREMOLE No 5 1o 1 METRIC
w.p, 1238703 LOCATION Lomords: N 5 QO 851.7. E 568 765.7 ORIGINATED BY MM.
pisT._% HWY 418 BOREHOLE TYPE HS Auger, BXL Core Horref COMPILED BY _EL
DATUM ,Gaodetic DATE Jon, 28, 1991 CHECKED BY...Bd
SOIL PROFILE SaMPLES | & | 3 PENETRATION
Byl & |RESSWCE AT pusie uosnee Lo | - | REMARKS
8lo| |G|Z8| 7|2 o % @ w [ =0 (|38 =
ELEV DESCRIPTION =18l y |3 |85] & [sHear STRENGTH kPo e M TE |cran size
SEBTH MMEIE 2 |0 UNCONFINED + FIELD VANE .
PerT glz| " g §§ 10 URK TRAXAL  x LB waxe  WATER CONTENT (%) 7 4 @
94,5 Ground surfoce n F g 20 40 60 80 100 20 40 60 kN/rmiler sA st oL
0.0 .
- 94
Probobie Fill
93
Silt, trace Sond, some Cloy 1les | 28
Compact to Dense
Brown 92
Grey ]
Sitty Send 2] g ! 23 91 -t & O 54 40 €
S0
3158 31
89
577 4! 8% | 100]/15em] BB
6.5 I
Heterogeneous mixture of 0
Sit, Sond and Grovel q a7
{Glacial T} 5| e | as
Grey, Very Dense /
J 86
847 6| ss |07 8 21 37 35 7
9.6 End of 8Borehole
» woter level not estoblished

3 . Numbers refer to
+, 5 * Sormaltivity.

20
154:;5 {%) STRAIN AT FAILURE -
1




Miniziry of
@Tmmmmm)n Foundation Lesign

Ontarla 2 6
RECORD OF BOREHOLE No 7 1 OF 1 METRIC
w.p, . 123-87.03 LOCATION __Co-ords: N 5 007 8160, F_ 364 709.0 ORIGINATED BY_M.M.
DIST_._.8 HWY _416 BOREHOLE TYPE _HS Auger, BXL Core Barre] . COMPILED BY _FT.
DATUM _Geodetic DATE Jon. 23, 1991 CHECKED BY.. Bl
= il | DYNAMIC GONE BENETRATION
SOIL PROFILE SAMPLES w = ] RESISTANCE PLOT MATURAL =
cul & - T e U0l o x| REMARKS
5 g|38| 2L 2 o @ w w [ % U35
) - =] = — P
ELEV aff|w|2|285| B [sHEAR sTRENGTH kP D — R F
DEPTH DESCRIPTION |2 E| S| 38] G |oucowme  + PEwD vane y  |oisTRBUTION
=]z o | 52| 2 | ouck maaL  x 1o vave [WATER CONTENT (=) 3 (%)
94.6| Ground surface 0 = o 20 40 60 80 100 20 40 &0C kN/m'|GRr sA S CL
0.0 N
Clayey Sitt , some sond
g4
Brown, Firm
(G 118 6 H4 196 Jo 2z 62 18
93.2
1.4 93
215 [ 15
Sit, some Sond, troce Cloy
Campact
38| 20 92
4 | 58 20
91
Brown m
________ 5| 85| 17 1 1t 81 7
Grey .
o0
6155 | 4
\ 4
89.0 ) o
5.6 ';3]
Heterogeneous mixture of e
Sit. Sand and Gravel : L 71 5% 2
(Gloeiol Till) :; 58
Grey, Compoct to Very Dense :y:
1A
iB g7
Sl
‘il 8|ss| 2
el
A
o 86
"
rel
Al 9| ss | 137 ] /20em off 234 |23 40 X0 7
with numerous boulders 1N 85
:,: 10| R | REC |14x RQD 0%
B4
RC | REC |27% RQD 156%
a3
re | ReC |s3% RQD 40%
§ re | rec Jaex 82 RQD 0%
RC | REC |36% RQD 0%
81.2
13.4 RC | REC §75% a1 RQD 42%
Dolestone Bedrock ,
Unweathersd to slightly RC | REC }100% RQD 44%
weathered 80
79.4
5.2 End of Horehole R — "
+3 xﬁ_Numbon refer to

20
" Swnsilivity 15;.‘-65 (%) STRAIN AT FAILURE




Mini of
@) rittun

Foundotion Design
Unhorio 2 7
RECORD OF BOREHMOLE No 8 1 OF 1 METRIC
WP, _123~87-03 LOCATION Cozorde: N 5 007 872.1, € 364 7480 ORIGINATED BY. LS.
DIsT...8 HWY 416 BOREHOLE TYPE _HS Auger, BXI Core Harrel COMPILED BY LBl
DATUM _Geodetic DATE Jon. 29, 1891 CHECKED BY w Bl
[ W ] DYNAMIC GONE PENCTRATION
S0iL PROFILE SAMPLES ﬂm g RESISTANCE PLOT ML !::'57 REMARKS
5 FZ| A | 20 a0 0 s g [N www W 2D
[+ ] P & Q ) ) f 1 1 wp w WL bg &
ELEV Tlg|w|3]|28]| & [SHEAR STRENGTH kPo L SRU— GRAIN SIZE
pEPTH BESCRIPTION |2 E| S| 3E8] 5 [owcowrwe  + AEw vane , |DISTRIBUTION
|2 o | O] & |o ook maa  x s vane [WATER CONTENT (%) 4 &
93.6| Ground surfoce n : = 20 40 6p 80 100 20 40 60 |kN/mler $a I CL
0.0 1 i
4 /f .
Clayey Silt, trece Orgonics A .9
sorne sund 4 /’
Block, St ',-: 1]ss] 10 ] 89 o 15 68 16
92.2 %
1.4 92
2|85 | 28
Siit, worme Sond. froce Clay
Compact to very Dense
I 3| 88| a2 91
Brown ' :
G )
i l 4|ss | 27 # 232 {0 W 8 §
' 80
l 5| %85| 28
. B9
6] 58| a7
a8
s | 58
87
86.5
74
Hutarogenwous rixture of L
Sit, Sand and Grovel .88 26 18 42 34 &
{Glacial TH)
Grey, Cornpect 16 Denae 85
S5 1 4]
84
83
ss | 25 © 55 28 13 4
wl.th numirous boulders 82
RC | REC |92x RUD 15%
80,9 re | rec Joex # ROD 38%
12.7
Dologtone Bedrock -
Unweathered to slightly
weothered e | rec Jeox ROD 31%
78.9 7
14,7 | End of Borghole
» woter level not estoblished

+3 xaznumbm refer 16
' Senylivily

20
15;«:55 (%) STRAIN AT FAILURE




ROCK CORE DESCRIPTION

WP 123-87-03
- _ _ Page 1 of 2
CORE RECOVERY CORE DESCRIPTION
DEPTH % % DEPTH
BH# [RC# {m) CR* | RQD* (m) DESCRIPTION
1 1 8.23-8.92 19 15 8.23-14.02 OVERBURDEN {bouider till}.
2 11.88-12.19 33 0 14.02-16.54 { DOLOSTONE (algal laminated and intraciastic in part), medium dark grey to
3 12.65-12.80 100 0 medium fight grey to light olive grey, with dark grey SHALE interbeds up to 10 cm
4 12.80-13.72 14 ¢ thick (8%); fine crystalline; medium strong to weak; unweathered to slightly
5 13.72-14.02 17 0 weathered; fractures moderately close to extremely close spaced, flaf to near
6 14.02-14.94 100 61 vertical, planar to undulating, smooth, '
7 14.94-16.54 85 40
2 1 5.64-86.10 33 28 5.64-12.80 { OVERBURDEN (boulder till}.
2 6.10-7.32 44 27 12.80-14.94 | DOLOSTONE (algal laminated and intraclastic in part}, medium dark grey to light
3 9.14-10.36 10 0 grey, with dark grey SHALE interbeds up to 10 cm thick (15%); tine crystalline;
4 - 10.36-10.67 75 38 medium strong to weak; unweathered to slightly weathered (moderately |
5 10.67-10.97 42 0 weaihe'reci, 12.80-13.49 my}; fractures moderately close to extremely close
6 10.97-12.19 58 46 spaced, flat to near \)erticai. planar to undulating,‘smoo:h.
7 12.19-12.50 96 67 '
8 12.50-12.80 54 46
9 12.80-13.41 100 0
10 | 13.41-14.94 | 100 64 Il

*CR = CORE RECOVERY
*RQD = ROCK QUALITY DESIGNATION

(NOTE: Depths are approximated where core recovery is f;ss than 100%)

Logged by: DAW, Scils and Aggregates Section

8¢



ROCK CORE DESCRIPTION

WP _123-87-03

1 CORE RECOVERY

~ CORE DESCRIPTION | :

K Page 2 0of 2

L

13.23-14.73

*CR = CORE RECOVERY

*RQAD = ROCK QUALITY {)ESIGNATEON

DOLOSTONE {slightly éalcitic, algal laminated and intraclastic in part), medium t
dark grey o medium light grey, with dark grey SHALE interbeds up to 8 cm thick
{6%:]; tine crystalline; medium strong to weak; unweathered to slightly weathered,;

DEPTH DEPTH \
(m) (m) DESCRIPTION ;
9.91-10.49 ‘ 9.91-12.55 {OVERBURDEN (boulder till}. ‘ | }
10.97-11.05 | 12.55-14.81 i DOLOSTONE {slightly calcitic, algal laminated and intraclastic in part}, medium l
11.05-12.19 \ ' dark grey to light grey, with dark gréy? SHALE interbeds up to 8 cm thick (8%}; fine 1
12.19-13.13 crystalline; medium strong to weak; unweathered to slightly weathered; fractures ]
13.13-14.81 ’E rnoderately close to extremely close spaced, flat to near vertical, planar to \
| undulating, smooth. . ?
9.45-10.36 | 9.45-13.41 OVERBURDEN {boulder tili}.
10.36-11.48 ! 13.41-15.19 } DOLOSTONE (algal laminated and intraclastic in part), medium dark grey to
11.48-12.24 | medium light grey, with dark grey SHALE interbeds up to 8 ecm thick (7%}); fine
12.24-12.85 l crystalliine; medium strong to weak; unweathered to slightly weathered
12.85-13.41 z {moderately weathered, 13.41-13.84 my}; fractures moderately close to extremely
13.41-13.72 f close spaced, flat to near vertical, planar to undulating, smooth.
13.72-15.19 E
11.35-12.02 11.35-12.70 | OVERBURDEN (bouider till).
12.02-13.23 12.70-14.73

fractures moderately close to extremely close spaced, flat to near vertical, planarto
undulating, smooth.

~ (NOTE: Depths are approximated where core recovery is less than 100%)

Logged by: DAW, Soils and Aggregates Section
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FOUNDATION INVESTIGATION REPORT 30
For
Hwy. 416 and Realigned 01d Hwy. 16 Underpass
(at Century Road)
W.P. 123~-87-04, Site 3-554
Hwy. 416, District 9, Ottawa

INTRODUCTION

This report summarizes the results of a foundation investigation conducted at
the aforementioned site. The report describes the subsurface conditions at the
site.

SITE DESCRIPTION AND GEOLOGY

The site is located approximately 200 metres wést of the existing Hwy. 16 -
Century Road intersection in the City of Nepean, Regional Municipality of
Ottawa-Carleton. The existing Century Road is a two lane paved roadway that
intersects the site location and continues for some distance on either side of
this intersection.

A residential dwelling with an asphaltic driveway entrance from Century Road is
located immediately north of the site. The home has been landscaped with trees
and Tow lying shrubs. A medium dense forested area is located immediately south
of the site.

The terrain at the site is generally flat adjacent to the existing Century
Road. The Century Road roadway 1s elevated approximately 1-1.5 metres higher
than the adjacent terrain. '

Physiographically, the site lies.in the area known as the Ottawa Valley Clay
Plains founded in the lowlands of the St. Lawrence. The native subsoil consists
of clay plains interrupted by ridges of rock or sand. Bedrock at the site is of
the Oxford Formation and consists of dolostone.

Th overburden was deposited during and immediately following the Wisconsinan
glaciation approximately 12,000 years ago during the Pleistocene Epoch. At that
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time, the area was depressed from the effect of the glaciation. Following the
retreat of the glacier, the brackish waters of the Champlain Sea flooded the
area and then gradually receded as the Tand rebounded with the deposition of
sediments to its present Jevel.

INVESTIGATION PROCEDURES

Soil and rock properties were obtained by in situ and laboratory testipg
conducted. The procedures employed are discussed below.

Field Investigation

The fieldwork for the investigation was carried out between 90 12 19 and
91 01 16 and consisted of five sampled boreholes. The boreholes were advanced
to depths ranging from 4.0 to 12.0 metres below the existing ground surface
which corresponds to elevations ranging from 80.1 m to 82.6 m.

Track mounted CME equipment employing continuous hollow stem augering and
casing-washboring techniques was used to advance the boreholes in the
overburden, Samples in the overburden were retrieved using a split spoon
sampler driven in accordance with the Standard Penetration Test (ASTM D1586).
Conventional rock coring methods were applied in penetrating cobbles and
boulders present within the overburden and in sampling the bedrock at the site.
A standard BX core barrel within BW casing was used in the coring of rock.

A1l samples retrieved in the overburden and all rock core Samples were
identified in the field and then returned to the 1laboratory for applicable
testing. '

Groundwater levels were obtained by monitoring the 1eve1s in the open boreholes
throughout the duration of the field investigation. ~All open boreholes were
backfilled at the completion of the fieldwork.

Survey information related to the location and elevation of the boreholes was
provided by the Eastern Region Surveys and Plans Office.
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Laboratory Analysis

To identify the behaviour and gradation of the overburden and to determine the
physical index properties of the soil , some laboratory testing was performed.
These tests included:

1) Atterberg Limit Tests

2) Grain Size Distributions
3) Natural Moisture Contents
4) Rock Core Logging

Laboratory test results have been summarized in the subsequent section of this
report entitled "Subsurface Conditions" and are illustrated on corresponding
figures and boreholes included in the attached Appendix.

SUBSURFACE CONDITIONS

General

The natural ground surface at the site is generally flat and has an elevation
varying from 94.1 m to 95.1 m. The subsurface conditions are uniform across the
site and consists of a cohesionless deposit comprised of a heterogeneous mixture
of silt, sand, gravel, cobbles and boulders that extends to bedrock. Bedrock,
consisting of a dolostone with interbedded shale was confirmed at one location
of the site (BH 26-3) at a depth of 10.4 metres or equivalently at an elevation
of 84.2 metres.

The boundaries .between the soil and rock types, in situ and laboratory test
results as well as groundwater levels established at the time of investigation,
are shown on the attached Record of Borehole sheets in the Appendix. A plan of
the site illustrating the locations and elevations of the boreholes and a
subsoil stratigraphical section is provided on Dwg. No. 1238704-A.*

A detailed description of the subsurface conditions encountered is given below.

* Drawing No 2 (Sheet 456) of the Contract  Drawings.



33

Heterogeneous Mixture of Silt, Sand, Gravel, Cobbles and Boulders (Glacial Till)

The surficial deposit at the site consisfs of a heterogeneous mixture of silt,
sand, gravel, cobbles and boulders. This deposit which is of a glacial till
origin was explored to a maximum thickness of 10.4 metres at which depth the

. underlying bedrock was encountered. A grain size distribution envelope

illustrating the gradation of the deposit smaller than 75 mm is illustrated in
Figure 1 in the Appendix. - The envelope illustrates the wide range of grain
sizes that are typical of glacial till deposits. Cobbles and boulders, however,
are also present within the deposit, as veriffed by rock core samples retrieved
in the deposit and inferred by auger refusal encountered within the deposit.
The cobbles and boulders are present throughout the deposit.

The deposit is unsorted and unstratified which is characteristic of glacial till
deposits. The deposit has been oxidized for depths ranging from 2.1 metres to
5.5 metres below the natural ground surface and hence is brown in colour within
this depth. The deposit is unoxidized and grey in colour below this depth.

Although this deposit is a coarse grained material as defined by the MTO soil
classification system (greater than 50% of the material coarser than 75
micrometers), Atterberg Limit tests were carried out to evaluate the behaviour
of the fine grained portion of the deposit. The results revealed that the fine
grained material, which is comprised primarily of silt with dniy minor traces of
clay, varies from a non-plastic silt to a silt of low plasticity. Plasticity
indices (Ip), as illustrated on the indivdual Record of Borehole sheets, were
generally less than 3%.

Standard Penetration tests carried out in this deposit revealed 'N' values
ranging from 26 blows/0.3 m to 100 blows/.08 m indicating a denseness ranging
from compact to very dense. However, a correction of the lower values due to
disturbance created by unbalanced hydrostatic head during the sampling process
and a correction for the higher 'N! values due to the gravel, cobble and boulder
sizes 1imits this range of denseness from probable dense to very dense.
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Bedrock

The surficial heterogeneous mixture of silt, sand, gravel, cobbles and boulders
is underlain by dolostone bedrock of the Oxford Formation. The bedrock surface
as identified at BH 26-3 by retrieving approximately 1.6 metres of BX core,
exists at a depth of 10.4 metres below the ground surface or equivalently an
elevation of 84.2 metres.

The dolostone bedrock is light in colour and contains dark grey shale interbeds
up to 7 cm in thickness. The bedrock is generally unweathered to only slightly
weathered and has moderately close to extremely close spaced fractures. The
fractures are flat, planar to undulating and smooth in texture.

Core recoveries and Rock Quality Designations (RQD) were determined in situ and
also in the Tlaboratory to evaluate the competence and integrity of the rock.
Recovery was 100% and the rock quality designation of the core was 75%. Based
on these results and visual examination, the dolostone rock can be described as
sound, good and medium strong with weak interbeds of shale.

A summary of core recoveries and descriptions is included on the Table entitled
"Rock Core Description®” in the Appendix.

Groundwater Conditions

Observation of the groundwater level was carried out by measuring the water
Tevel in the open boreholes. Groundwater levels determined at the time of the
invesigation ranged from 1.5 metres to 3 metres below the natural ground
surface, equivalent to elevations of 92.6 metres to 91.9 metres.

Groundwater levels, in general, are subject to seasonal fluctuations and hence
can vary from the values given in this report.
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MISCEL U

The fieldwork for this investigation was carried out under the supervision of T.
Sangiuliano and M. Michalek, Foundation Engineers, and F. Tannous, Engineer
Trainee, utilizing equipment owned and operated by Johnston Drilling Ltd. and
Marathon Drilling Ltd. Logging of rock core in the laboratory was carried out
~ by D. Williams, Petrographer.

The project was carried out by T. Sangiuliano under the general supervision of
Dr. B. Iyer, Senior Foundation Engineer. The report was written by T.
Sangiuliano, reviewed by Dr. B. Iyer and approved by Mr. M.S. Devata, Chief
Foundation Engineer.

B. Bennett, P. Eng.
Sr. Foundation Engineer
(Acting)

“:Z:Q *Z::Lo&”¢1’42#“"

D. Dundas, P. Eng.
Chief Foundation Engineer
(Acting) ‘
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ROCK CORE DESCRIPTION
WP 123-87-04

Pagefof 1

D EPTH ‘ - '
{m) DESCRIPTION
3.56-3.91 | | 3.56-10.16 |OVERBURDEN (boulder till).

4.57-5.18 : - 10.16-11.96
6.10-6.96 '

7.62-7.87
9.60-9.85
9.85-10.42

16 10.42-11.96

DOLOSTONE light olive grey to medium Esght grey to medium dark grey, with
dark grey SHALE interbeds up to 7 cm thick (8%}; fine crystaﬁsne, medium strong
{o weak; unweathered to slightly weathered; fractures moderately close to
extremely close spaced, flat, planar to undulating, smooth.

*CR = CORE RECOVERY
*RQD = ROCK QUALITY DESIGNATION

(NOTE: Depihs are approximated where core recovery is less than 100%)

Logged by: DAW, Soils and Aggregates Sec:ign
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FOUNDATION INVESTIGATION REPORT
For
Hwy. 416 and Bankfield Road Underpass
W.P. 123-87-03 Site 3-553
Hwy. 416, District 9, Ottawa, Nepean

INTRODUCTION

This report summarizes the results of a foundation investigation carried out at
the aforementioned site. A two lane, two span structure has been proposed to
carry the east and west bound lanes of Bankfield Road over Hwy. 416. This
report contains factual information obtained from this investigation pertaining
to structural foundations and related earthworks.

SITE DESCRIPTION GEOLOGY

The site is located % km east of Cedarview Road along Regional Road No. 8
(Bankfield Road) in the City of Nepean, Region of Ottawa-Carlton. The area
consists of farmers fields to the north and south with radio towers located % km
within the south field. Regional Road No. 8 (Bankfield Road) is a narrow paved
two lane road with drainage ditches beside both shoulders. The terrain
surrounding the site is flat with short wild grasslands.

Physiographically, the site lies in the area known as the Ottawa Valley Clay
Plains founded in the lowlands of the St. Lawrence which are characterized by
clay plains interrupted by ridges of rock or sand and gravel. The bedrock in
the area is of the Gull River formation of the middle ordovician period. It
consists of limestone with interbedded shale 1layers. The overburden is
relatively thin and was deposited during and immediately following the
Wisonsinan Glaciation. At which time the area was depressed from the effect of
the Glaciation. Following the retreat of the glacier, the brackish waters of
the Champlain Sea flooded the area and then gradually receded as the land
rebounded with the deposition of sediments to its present level.

INVESTIGATION PROCEDURES

Soil data and inherent properties were obtained by in situ and laboratory
testing. The procedures employed are discussed below.



Field Investigation

The fieldwork for this investigation was carried out between 91 01 23 and
91 01 30 and consisted of a total of 7 sampled boreholes. Five of these
boreholes were located at the various structure locations. These boreholes were
advanced to a maximum depth of 14.7 m to 16.5 m below existing grade. The two
remaining boreholes were located at the approach embankments and were advanced
to depths of 9.1 and 9.6 m below existing grade.

The boreholes were advanced using conventional hollow stem augering techniques.
Both a track and truck mounted CMESS continuous flight auger drill rigs were
employed for the operation. Conventional rock coring methods were applied in
retrieving rock core samples. Standard BXL core barrels within BW casing were
used. In general, subsoil samples were retrieved at 0.7 m intervals from the
top 6 m depth and at 1.5 m intervals thereafter. Disturbed subsoil samples were
retrieved by a split spoon sampler in accordance with the Standard Penetration
Test (ASTM D1586).

A1l soil and rock samples were identified in the field and returned to the
laboratory for further examination and applicable testing.

Water levels were monitored throughout the duration of the investigation in open
boreholes. All boreholes were backfilled upon completion of the fieldwork.

Survey information related to the location and elevation of boreholes was
provided by the Surveys and Plans Section with Eastern Region, Kingston.

Laboratory Analysis

The following laboratory tests were carried out on selected soil samples:

1) Atterberg Limit Tests

2) Grain Size Distributions
3) Unit Weights

4) Natural Moisture Contents
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Laboratory test results are given in the following section of this report and
are illustrated on figures and borehole logs included in the Appendix.

Subsurface Conditions

General

In five of the seven boreholes put down at this site, a surficial layer of
clayey silt (fill) was encountered for a thickness of 1.4 m to 1.8 m. In
BH 8, located at the east abutment, the surficial layer consisted of a clayey
silt deposit for about 1.4 m. Surficially in BH 2, located at the pier location
and underlying the clayey silt layer in BH 8 and the fill in the remaining
boreholes, a silt, some clay, trace of sand deposit was encountered. Underlying
the silt deposit, a layer of heterogeneous mixture of silt, sand and gravel
(Glacial Ti11) was found in all boreholes. Dolostone bedrock was encountered
below the Glacial Till deposit at depths ranging from 12.5 to 14.0 m. Boulders
and cobbles were also encountered in the Glacial Till deposit near the bedrock
surface. _

The plan and location of borings and the stratigraphical profile are shown on
Drawing No. 1288703-A, in the attached Appendix. The results of all field and
laboratory tests are plotted on the Record of Borehole sheets, also included in
the Appendix of this report. A brief description of the different soil strata
is given below.

Clayey Silt some Sand (Fill)

The surficial layer at the site consisted of 1.4 m to 1.8 m of a clayey silt,
some sand fill encountered at all boreholes except at BH's 2 and 8.

Results of Grain Size Distribution tests carried out on select samples are shown
on Figure 1 in the Appendix in an envelope form. The deposit is comprised
primarily of 0% gravel, 1-22% sand, and 62-87% silt and 12-20% clay.

The results from the Atterberg Limit tests performed on the fine fraction of
this deposit are summarized as follows:
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Range No. of Tests d

Natural Moisture Content (w) 17-31 4
Liquid Limit (w) 22-37 4
Plastic Limit (wp) 14-20 4
Plastic Index (Ip) 8-17 4

From the plasticity chart (Figure 2), this deposit can be classified as clayey
silt of low to intermediate plasticity. Unit weight measurements carried out on
select samples from this stratum yield dry unit weights of 18.9 to 22.5 kN/m3.

The 'N' values obtained from the Standard Penetration Test ranged from 5
blows/0.3 m to 6 blows/0.3 m indicating the material to have firm consistency.

Clayey Silt, some Sand

This deposit was encountered in BH 8 as a 1.4 m surficial layer.

Results of a  Grain Size Distribution test carried out on a representative
sample are shown on Figure 3 in the Appendix. Based on these test data, this
deposit is comprised of 0% gravel, 16% sand, 68% silt and 16% clay.

The results from the Atterberg Limit test performed on the fine fraction of the
above sample showed a Natural Moisture Content (w) of 29.5, a Liquid Limit
(w ) of 31, a Plastic Limit (wp) of 19 and a Plasticity Index (Ip) of 12.

From the Plasticity Chart (Figure 4) this layer can be classified as clayey silt
of Tow plasticity. Unit Weight measurements carried out on the sample yield dry

Unit Weight of 18.9 kN/m3.

The Standard Penetration Test revealed 'N' value of 10 blows/0.3 m. Based on
this value, the material can be described as stiff.

Silt, trace of Sand, some Clay

A silt, trace of sand, some clay deposit was encountered, ‘underlying the
surficial layer 1in all boreholes at an elevation of 92.1 m to 93.3 m at
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corresponding depths of 1.4 to 1.8 m. Ih BH 2, thié deposit was encountered as
a surficial layer of 5.6 m.

Results of Grﬁin Size Distribution tests performed on this deposit are shown on
Figure 5 in the Appendix, in an envelope form. Based on these test data, this

- deposit is comprised of 0-1% gravel, 2-54% sand, 40-87% silt, 6-14% clay.

Field observations in BH 5 also indicated that approximately the upper 1.4 m of
the silt layer consists of clayey silt fill.

The results from the Atterberg Limit tests performed on this deposit are
summarized as follows:

Range No. of Tests

Natural Moisture Content (w) 13-17.5 5
Liquid Limit (wp) - 17-21 5
Plastic Limit (wp) 14-18 5
Plastic Index (Ip) 1-5 5

From the Plasticity Chart (Figure 6) the layer can be classified as a silt of
Tow plasticity. Unit Weight measurements carried out on select samples from
this stratum yield dry Unit Weights of 22.3-23.3 kN/m3.

Standard Penetration tests carried out in this deposit revealed 'N' values
ranging from 5 blows/0.3 m to 44 blows/0.3 m. Based on these 'N' values, the
material can be described as having a very loose to dense but genera11y from
compact to dense state of relative density.

Heterogeneous mixture of $Silt, Sand and ‘Gfgvei with Boulders and Cobbles

(Glacial Till)

Underlying the si1t,'trace of sand, some clay layer, a deposit of heterogeneous
mixture of silt, sand and gravel (Glacial Till) was encountered at an elevation
of 86.4 m to 89.0 m at corresponding depths of 5.6'm to 8.2 m.
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Results of Grain Size Distribution tests carried out on select samples from this
layer are shown on Figure 7 in the Appendix, in an envelope form. Based on
these test data, this deposit 1is comprised of 9-67% gravel, 17-47% sand, 0-44%
silt, and 0-7% clay. ‘

Cobbles and boulders were also encountered in the Glacial Till deposit with
numerous ones near the bedrock surface.

The results from the Atterberg Limit tests performed on the fine fraction of
this deposit are summarized as follows:

Range  No. of Tests

Natural Moisture Content (w) 7.5-11 6
Liquid Limit (w.) 13-14 3
Plastic Limit (wp) 10-12 3
Plastic Index (Ip) _ 2~3 3

From the Plasticity chart (Figure 8), this deposit can be classified as silt of
slight plasticity. Unit Weight measurements carried out on select samples from
this stratum yield dry unit weights of 23.5 kN/m3.

In this stratum the Standard Penetration resistance, 'N' values ranged from 18
blows/0.3 m to 107 blows/0.3 m indicating that the material had a compact to
very dense state of relative density.

Bedrock

The glacial till deposit is directly underlain by dolostone bedrock of the Gull
River Formation. The bedrock was cored in a BXL double core barrel at the
structure foundation 1locations up to 2.6 m in length. The bedrock surface
varies between elevation 80.7 m to 81.9 m which is equivalent to depths of 12.5
m to 14.0 m below the ground surface. The dolostone bedrock is generally fine
grained and medium dark grey to 1ight grey in colour. Dark grey shale was also
found interbedded in the dolostone. Detailed descriptions of the bedrock are
attached in Table 1 in the Appendix, entitled "Description of Rock Core".
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Core recoveries and rock quality designations (RQD) were determined in situ and
also in the laboratory to evaluate the competence and integrity of the rock.
Rock core recoveries varied between 65 and 100% while RQD's varied between 31
and 64%.

GROUNDWATER CONDITIONS

Observations of the groundwater level were carried out by measuring the water
level 1in open boreholes. Groundwater levels determined at the time of the
investigation were approximately 1.5 m (elevation 93.2 m) to 3.0 m (elevation
90.9 m) depth. It is considered that the water levels observed in BH's 2 (88.6
m) and 7 (89.7 m) do not reflect stabilized ground water levels. Groundwater
Tevels were also measured on April 12, 1991 (approximately 4 months after
investigation) in BH's 1 and 7 and were found to be 0.46 m below ground
surface. Based on the above observations it is considered that the water table
at this site ranges between elevations 91 m and 93 m.

Soi1 cave-in was encountered in the boreholes upon penetration of the
cohesionless silt below the prevailing groundwater due to unbalanced hydrostatic
head. Wash boring techniques were employed to advance the boreholes thereafter.

Groundwater levels, in general, are Subject to seasonal fluctuations and hence
can vary from the values given in this report. '



DISCUSSION AND RECOMMENDATIONS

It is proposed to construct one two-span bridge structure to carry the east and
westbound Tanés of Bankfield Road over the proposed Hwy. 416. Approach fills,
approximately 6 m in height will be required for the eastbound and westbound
lanes with adjoining shoulders. A plan illustrating the proposed structure is
shown on Drawing No. 1238703-A in the Appendix of this report.

The natural ground surface at abutment locations was fairly uniform with
elevations of 94.5 m and 94.7 m. The elevation at the centreline of the
proposed bridge will be 101.0 m and the proposed Hwy. 416 will have a centreline
elevation of 94.5 m for the northbound and southbound lanes.

To facilitate the design and construction of the proposed structure foundations
and related earthworks for the approach ramps over Bankfield Road, the following
foundation and geotechnical recommendations are provided in the scope of this
report.

1) Structure Foundations

2) Lateral Earth Pressures

3) Slope Stability

4) Construction Considerations

1) STRUCTURE FOUNDATIONS

The structure foundations could therefore be founded on one of the following
alternatives a) Pile Foundations or B) Perched footings on compacted granular
pad.

a) Pile Foundations

The structure foundations shall be supported on Steel H-piles driven to bedrock
encountered at about 12.5 m to 14.0 m depth below existing grade.

For purpose of 0.H.B.D.C., the design axial capacity for vertical piles are
summarized in a Table 1 below.
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Table 1 - Axial Capacities -
Driven Steel H-piles

‘Bearing Capacity Factored Capacity Estimate
at S.L.S. Type II at U.L.S. Pile Tip
Pile Type (kN) _ (kN) El.(m
HP310x110 1150 1600 W. Abutment 80.7%

E. Abutment 80.9-81.9
Pier 80.,7-81.2

Pile spacing shall conform with Section 6.8.3.10 of the 0.H.B.D.C. Lateral
loads shall be supported by batter piles. Al1 piles should be provided with the
Standard MTO tip reinforcement.

B) Perched Footings

Considerations may be given to founding the two abutments on spread footings
perched within compacted Granular 'A' pads.

This should be done by removing the fill material and then placing and
compacting a minimum 2 m granular pad above existing native soil. The

recommended design values for the perched footing constructed as above, is shown
in Table 2 below. '

‘Table 2 - Bearing Capacities
__for Perched Abutments

’Bearing Capacity Factored Capacity

at S.L.S. Type 11 at U.L.S.
Structure (kN) (kN)
Abutment 350 700

Sliding resistance between the rough concrete footing and the Granular 'A' core
can be calculated by assuming an unfactored angle of internal friction of 35°.
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2) LATERAL EARTH PRESSURES ON STRUCTURE

Free draining material such as Granular 'A' or Granular 'B' is recommended as
appropriate backfill to the abutments to prevent hydrostatic pressure build-up.
Design parameters of the soil are shown in Table 3 below.

Table 3 - Backfill Properties

Granular 'A' Granular 'B'
Angle of Internal Friction (@) 35° 30°
Unit Weight (kN/m3) ¥ 22.8 , 21.2
*Coefficient of Active
Earth Pressure (Ka)
- $.L.S. 0.27 0.33
- U.L.S. 0.33 0.4
*Coefficient of Earth
Pressure at Rest (Ko)
- S.L.S. 0.43 0.5
- U.L.S. 0.5 0.58

*Horizontal surface backfill only. Appropriate
consideration must be given to sloping surface
backfill.

The earth pressure coefficient at Rest is to be used in design if the abutments
are rigid and unyielding.

The tabulated earth pressure coefficients are applicable to horizontal surfaces
only. These values must be modified to represent sloping surfaces. Weep holes
in the abutment walls should be designed to drain any accumulation of water in
backfill,

3) SLOPE STABILITY

e e b

The approach fills rising to a maximum height of 6 m, shall be constructed using
2H:1V slopes. The fill material should consist of well compacted acceptable
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material. No slope stability problems are anticipated with the above design.
It is anticipated that approximately 60 mm of total settlement can be realized
as a result of elastic settlements induced within the fil11 itself and the
elastic recombression of the native subsoil. It is expected that the majority
of these settlements will be realized during or immediately following
construction.

4) CONSTRUCTION CONSIDERATIONS

A1l pile caps and shallow spread foundations shall be protected against frost by
providing a minimum 1.8 m of earth cover.

Within the limits of approach fills, if soft soil is encountered, this should be
excavated and replaced by a compacted granular fill.

Excavations to about 1.5 m depth will be involved in the area of the pier. Such
excavation and any temporary construction excavation may be carried out at
1.5H:1V slopes.

Special consideration should be given the pile cap construction at the pier
location due to a high water table. Any excavation beneath the groundwater
level in the silt deposit will require a dewatering scheme. Possible dewatering
schemes could include using perimeter ditches or sheeting.

The most economical and practically feasible scheme should be selected for this
purpose.

If pile foundation is choosen for the abutments, it is recommended that abutment
pile caps be constructed as high as possible within the approach fill. This
will eliminate the requirement for dewatering at these locations.

Although attempts should be made in all cases to drive the piles to the beqrock
surface, some piles may terminate in the glacial till because of large size
boulders which were encounterd during the investigation.
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The fieldwork for this investigation was carried out under the supervision of
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Utilizing equipment owned and operated by Johnston Drilling Co.
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Iyer and approved by Mr. M.S. Devata, Chief Foundation Engineer.
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EXPLANATION OF TERMS USED IN REPORT

NOVALUE: THE STANDARD PENETRATION TEST [SPT] N VAWE 15 THE NUMBER OF BLOWS REQUIRED TO CAUSE A STANDARD Simm O D $PLIT BARREL
SAMPLER TO PENETRATE 0 3miNTO UNDISTURBED GROUND IN A BOREWOLF WHEN DRIVEN BY A HAMMER WITH A MASS OF 43 Skg, FALLING

FREELY A DISTANCE OF O 76m FOR PENETRATIONS OF LESS THAN 0.3m N vALUES ARE INDICATED AS THE MUMBER OF BLOWS FOR THE PENETRATION
ACHIEVED AVERAGE N VALUE 1S DENOTED THUS N,

DYNAMIC CONE PENETRATION TEST: CONTINUOUS PENETRANON OF A CONICAL STEEL POINT { Simm O B. 60° CONE ANGLE ) DRIVEN BY 475 J
IMPACT ENERGY ON A SIZE DRILL RODS. THE RESISTANCE TO CONE PENETRATION 1S MEASURED AS THE NUMBER OF BLOWS FOR EACH  0.3m
ADVANCE OF THE CONICAL POINT INTO THE UNDISTURBED GROUND.

SOILS ARE DESCRIBED BY THEIR COMPOSITION AND CONSISTENGY OR DENSENESS.

CONSISTENCY: COHESIVE SOIS ARE DESCRIBED ON THE BASIS OF THEIR UNDRAIMED SHEAR SYRENGTH!CU) A5 FOLLOWS:

[ cy (kPa) 0 -2 12-125 25-56 {1 50100 | 100 - 200 | %200
verr sofr| SoFr | Fiem SHFE | VERY STIFF 1 HaARD
ENSENESS: COHESIONLESS SOILS ARE DESCRIBED ON THE BASIS OF GENSENESS AS INDICATED BY 5PT N VALUES A5 FOLLOWS:
N {BLOWS /0.3 m) 9 -5 5-10 10 - 30 30 - 50 =350
VERY {DCSEY (OOSF COMPAL S DENSE VERY DENSE

ROCKS ARE DESCRIBED BY THEIR COMPOSITION AND STRUCTURAL FEATURES AND /7 QR STRENGTH,

b

i

ECOVERY: SUM OF ALL RECOVERED ROTK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN.

+

MODIFIED RECOVERY: SUM OF THOSE INTACT CORE PIECES, 100mm > IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN.
THE ROTK QUALITY DESIGNATION [R G D), FOR MODIFIED RECOVERY, 1§ ¢
[ koD% 0-25 25« 50 50 - 75 75 - 90 40 - 100
VERY POOR POOR FAiR GOOD EXCELLENT

AQINTING AND BEDDING :

SPACING 50 mm 50-300mmi 0.3m ~Im{ Im- 3m | =3m

JOINTING VERY CLOSE CLOSE | MOD. CIOSE],  wiDE VERY WIDE

BEDDING VERY THIN THIN MEDIUM THICK | VERY THICK

ABBREVIATIONS AND SYMBOLS

FIELD SAMPLING

MECHANICAL PROPERTIES OF 501L

$5 SPUT SPOON TP THINWALL PISTON m,  kpg
W5 WASH SAMPLE DS OSTERBERG SAMPLE <, |
5T SLOTTED TUBE SAMPLE R ¢ ROCK CORE <y 1
B 5 BLOCK SAMPLE FH T W ADVANCED HYDRAULICALLY Cy 1
€5 CHUNK SAMPLE PN TW ADVANCED MANUALLY e, mils
T W THINWALL OPEN £ S FOIL SAMPLE . H ™
Tv H
STRESS AND STRAIN U v,
u,, kPa  PORE WATER PRESSURE o,y kba
T, 1 PORE PRESSURE RATIO o kpa
o kra TOTAL NORMAL STRESS T, kg
o’ kra EFFECTIVE NORMAL STRESS ¢’ kpa
T kb SHEAR STRESS Y R
9.0 .0 kPo PRINCIPAL STRESSES &y kea
€ % LINEAR STRAIN by -°
€, .6, & % PRINCIPAL STRAINS *, kPo
E kpa MODULUS OF LINEAR DEFORMATION 7, krg
G ko MODULUS OF SHEAR DEFORMATION 5 "
“ i COEFFICIENT OF FRICTION
PHYSICAL PROPERTIES OF 501t
A kg/m' DENSITY OF SOLID PARTICLES e L% VOID RATIO
YS kNJm® UNIT WEIGHT OF SOUD PARTICLES ] 1%  PORDSITY
A, ka/mP DENSITY OF waATER W 1% WATER CONTENT
Y, kNAW UNIT WEIGHT OF WATER 5, % DEGREE OF SATURATION
P kg/m® pENSITY OF SOIL W % LBUID LiMIT
Y kN UNIT WEIGHT OF SO Wy % PLASTIC LimIT
A kg/m® DENSITY OF BRY sOIL wg % SHRINKAGE LIMIT
?é kN UNIT WEIGHT OF oRY SO1, s % PLASTICITY INDEX = W - Wp
3 W W,
Rar  kg/m® DENSIY OF SATURATED SO i\ 1 LIGUIDITY INDEX = = LA
Yoor  KN/m® UNIT WEIGHT OF SATURATED SOM : P w - w
P kg/m® DENSITY OF SUBMERGED SOIL e ' CONSISTENCY INDEX: =p—
Y' kN/mP UNIT WEIGHT OF SUBMERGED so1 e L% VOID RATIO IN LODSEST STATE

COBFFICIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING I1MDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOUDATION
DRAINAGE PATH

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH

EFFECTIVE COHESION INTERCEPY
EFFECTIVE ANGLE OF INTERNAL FRICTION
APPARENT COWESION INTERCEPT
AFPARENT ANGLE OF INTERNAL FRICTION
RESIDUAL SHEAR STRENGTH
REMOULDED SHEAR STRENGYH

‘:U
SENSITIVITY = 2o
.

e 1B VOID RATIO N Deénsesr se'rAre
by DENSITY INDEX m
D mm GRAIN DIAMETER

Dy MM n PERCENT - DIAMETER

¢, UNIEORMITY COBFFICIENT

h m HYDRAULIC HEAD OR POTENTIAL
9 ms  RATE OF DISCHARGE

v m/s  DISCHARGE VELOCITY

i 1 HYDRAULIC: GRADIENT

k m/s  HYDRAULIC CONDUCTIVITY

J kn/md SEEPAGE FORCE
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UNIFIED SOIL CLASSIFICATION SYSTEM

Ontario

CLAYEY SILT
(FILL)

WP 123-87-03

SAND GRAVEL
CLAY & SILT - - - :
Fine ] Medium | Coarse Fine | Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric}
1 (4 3 4 5 o 20 30 400 gsum 150um I00um 600um Ligme  2.36mm 9. S5mm 10mm 325mm  63.0mm
100 UL 53 m 106pm 2504 425 um 850 um ) 4.75mm 13.2mm | 265mm | 530mm 750mm
0
30 Lo
80 20
70 30
o 60 40 o
z z
4 4 <
g “
50 50
fz; LEGEND z
L
g BH |SAMPLE SYMBOL =
o 40 60 &
M
30 <<,4 70
7>
62/
O‘ob
20 & 8G
A
o sg
o _ 190
t 2 3 4 5 10 20 30 40 270 200 KO 100 §05C 40 30 20 I 108 4 W W o 04 el
MINISTRY SIEVE DESIGNATION { imperial}
Ministry of ‘ ' FIG No 1
Mrsryol GRAIN SIZE DISTRIBUTION




" Ock 75, FF.5-21

60 1
50 /
CH /
40 /
= Ci
Z
E 3
5. 30
o
g ct LEGEND
/ BH SAMPLE | SYMBOL
20 } : -
¢ 3 1 n
; / 4 " A
, MH OH 7 . -
A ° /
...
o > M ot
Mt 7 Mt ot
% 10 20 30 40 50 &0 70 80 90 100
LIQUID LIMIT %
Miisuyof PLASTICITY CHART FIG No 2
o= CLAYEY SILT,sOME SAND WP 123-87-03

(FILL)
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UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
cLay & suy Fine | Medium { Coarse Fine | Coarse
GRAIN SiZE (N MICROMETERS MINISTRY SIEVE DESIGNATION [ Metric}
! 2 3 4 5 10 20 30 4050  75.m 150um 100um 600 m Lifmm  2.36mm 9.5 mm 2.0 mm 375mm 630 mm
{00 % } ” H” 1153“"’ 106wm 259;1"“ 425 ym B50 um Z.Qc‘mm . 4.75mm 13. 2 mm 26,5 mm 53 0mm 7S.0mem
0
homseny
90 (o
80 E / 2a
70 / 30
o 89 /IA 402
z Z
g —§ <
g 5
50 / 50
z / LEGEND Zz
‘Qu} i i
4 / ﬁ BH  ISAMPLE SYMBOL =
o 40 74 1 80 =
/ E 3
30 70
///
L~
20 80
Pz
A
[ 2143
o ﬂ oo
¢ 2z 3 4 5 to 20 30 40 270 200 140 (00 6050 40 30 20 (6 108 4 L A L U o P
MINISTRY S{EVE DESIGNATION [ imperial) ‘
Ministry of FIG No 3
Minsryof GRAIN SIZE DISTRIBUTION

Ontario

CLAYEY SILT, sOME SAND

WP 123-87-03
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FLASTICITY INDEX %

60
50
CH
40
ci
30
ct LEGEND
/ : BH | SAMPLE | SYMBOL
20
| / 8 ! s
" / MH OH
10 //
ce- MO
Pl Mt Ot
Me // Mt oL
0
0 10 20 30 40 50 60 70 80 90 100

LIQUID  LIMIT %

Transporation PLASTICITY CHART FIG No 4
| CLAYEY SILT, SOME SAND ~ WP 123-87-03

Ontario
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UNIFIED SOIL CLASSIFICATION SYSTEM
: SAND GRAVEL
CLAY & SIT " - -
Fine | Medium | Coarse Fine | Coarse
GRAIN SIZE N MICROMETERS MINISTRY SIEVE DESIGNATION | Metric}
i 2 3 4 5 1o 20 30 4050 y5um . 150um I0CKkm 600 um 1 18 mm 2.36mm ’ 9.Smm 9.6 mm I75mm &30 mm
180 ; E I I H ”l 153;;:!1 I i0bum ’2501}5\ 425 um B50 um Z,Qémm 4.75mm t3 2mm 26 5mm 53.0mmi 75.0mm
x50 S5 POODS HNE AR DO 3 JOC) I0ENSY 3 XN o

90 e

8O 20

70 30
o 8¢ 402
z zZ
2 : :
£ 8

50 50
s [ LEGEND 5
= [ BH |SAMPLE SYMBOL s
o 40 ! &0

i
30 & 70
Ve
20 (v ! 80
P
10 90
o G0

"

| 2 3 4 5 to 20 30 40 270 200 4O 100 €050 40 30 20 16 108 4 3
MINISTRY SIEVE DESIGNATION (imperiol}

t/z" 3/4" i isz" 2" zyz" 3"

@) Transponation ~ GRAIN SIZE DISTRIBUTION FIG No 5
SILT, TRACE SAND,SOME CLAY weP 123-87-03

Ontario
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@ Transportation

Ontario

SILT, TRACE SAND,SOME CLAY

Oct 75, FF-5-21
60
50 P
CH /
40 /
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=
[
z
5. 30
[
%]
5
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: / BH SAMPLE | SYMBOL
20
i 2 P
1 7 [ ]
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MH OH
4 3 3 o
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NN s 4 | &
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PLASTICITY CHART FIG No 6
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UNIFIED SOIL CLASSIFICATION SYSTEM

SAND GRAVEL
CLay & SILT Fine | Medium | Coarse Fine | Course
GRAIN SIZE N MICROMETERS MINISTRY SIEVE DESIGNATION. { Metric}
[ 2 3 4 5 . 1o 20 30 40 50 F5um Blum I00um &00 peny L 18 mo 215mm T Smm 0mm 37.5mm £330 mm
10 i if [ i HH 53pm 104 pm 2501.1%11 425pm 850 um 2.00mm 4.75mm 3.2 mm 6. 5mm 53 Jmmf 7S Omm
0 S ARARS o
90 to
80 20
!
70 30
| §
o 89 400
Z rad
Eé <
g E
50 50
E LEGEND z
= BH [SAMPLE SYMBOL &
o 40 60 &
30 70
<
73
&<
20 < 5 80
e
) 90
fa} IGO0
: z 35 4 5 {0 20 30 40 270 200 40 100 6050 40 30 20 1§ 08 4 N S S L P -1 AL
MINISTRY SIEVE DESIGNATION { tmperial }
7 Transporaton GRAIN SIZE DISTRIBUTION FIG No 7
HETEROGENEQUS MIXTURE OF SILT, SAND & GRAVEL WP 123-87-03
Ontaric

WITH NUMEROUS COBBLES & BOULDERS {GLACIAL TILL)
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60
50 et
CH /
40 /
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Z
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20
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o ———iRRT] A 4
R NN NN
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ML
. ",, {/ ME oL
0 16 20 30 40 56 60 70 80 90 100
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g*;;ffzg;m; PLASTICITY CHART FIG No 8
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ROCK CORE DESCRIPTION

WP 123-87-03
— Page 1 of 2
CORE RECOVERY | CORE DESCRIPTION | |
DEPTH % % DEPTH
| BH# |RC# (m) CR* | RQD* (m) DESCRIPTION
| 1 1 8.23-8.92 19 15 8.23-14.02 {OVERBURDEN (boulder till). '
2 11.89-12.19 33 ¢ 14.02-16.54 { DOLOSTONE (algal laminated and intraclastic in part}, medium dark grey to
3 12.65-12.80 100 0 medium light grey to {ight olive grey, with dark grey SHALE interbeds up to 10 cm
4 12.80-13.72 14 g thick (8%;; fine crystalline; medium sirong to weak; unweathered to slightly
5 13.72-14.02 17 4] weathered; fractures moderately close to extremely close spaced, flat to near
8 14.02-14.94 100 81 vertical, planar to undulating, smooth.
7 14.94-16.54 65 40
I 2 1 5.64-6.10 33 28 | 5.64-12.80  OVERBURDEN (boulder till}.
2 6.10-7.32 44 27 12.80-14.94 { DOLOSTONE (algal laminated and intraclastic in part}, medium dark grey to light
3 9.14-10.36 10 ¢ grey, with dark grey SHALE interbeds up to 10 cm thick (15%;); fine crystalline;
! 4 10.36-10.67 75 38 medium strong to weak; unweathered to slightly weathered {moderately
1 5 10.67-10.97 42 0 weathered, 12.80-13.49 mj; fraclures moderately close to extremely close
1 6 10.97-12.19 58 46 spaced, fiat to near Qerticai, planar to unduiating,‘smoeth.
1‘ 7 12.19-12.50 98 67
| 8 | 12501280 | 54 | 46 |
1 9 | 12.80-13.41 | 100 o |
| 110 | 13411494 | 100 | 64 |

*CR = CORE RECOVERY
*RQD = ROCK QUALITY DESIGNATION

(NOTE: Depths are approximated where core recovery is less than 100%)

Logged by: DAW, Sails and Aggregates Section



[ CORE RECOVERY

ROCK CORE DESCRIPTION
WP _123-87-03

Page2of 2

|

CORE DESCRIPTION

DEPTH DEPTH ‘
BH# |RC# (m) CR* | RQD* (m) DESCRIPTION
3 1 9.91-10.49 87 78 9.91-12.55 {OVERBURDEN (bouider till}.
2 10.97-11.05 100 0 12.55-14.81 ; DOLOSTONE (slightly calcitic, algal laminated and 1ntrac§asizc in part}, medium
3 11.05-12.19 100 76 dark grey fo light grey, with dark grey SHALE interbeds up to 8 cm thick {8%); fine
4 12.19-13.13 62 " 51 E crystatline; medium strong to weak; unweathered 1o slightly weathered; fractures
5 13.13-14.81 a5 47 : moderately close to extremely close spaced, flal 1o near vertical, planar to
undulating, smooth.
7 1 9.45-10.36 14 0 9.45-13.41 | OVERBURDEN (boulder tiﬁ). g
2 10.36-11.48 27 16 13.41-15.19 | DOLOSTONE {algal laminated and intraciastic in part), medium dark grey to
3 11.48-12.24 53 40 medium light grey, with dark grey SHALE interbeds up 1o 8 cm thick (7%); fine
4 12.24-12.85 46 0 | crystalline; medium strong to weak; unweathered to slightly weathered
/ 5 12.85-13.41 36 ; (moderately weathered, 13.41-13.84 my); fractures moderately close to extremely
6 13.41-13.72 75 42 7 ; close spaced, flat to near vertical, planar o undulating, smooth.
7 | 13724519 | 100 | a4 |
8 1 11.35-12.02 92 15 11.35-12.70 { OVERBURDEN (boulder till). ‘ ﬁ
2 12.02-13.23 96 38 12.70-14.73 | DOLOSTONE {slightly calcitic, algal laminated and intraclastic in part}, medium
13.23-14.73 69 31 dark grey to medium light grey, with dark grey SHALE interbeds up to 8 cm thick
(6%} fine crystalline; medium strong fo weak; unweathered to slightly weathered;
| fractures moderately close to extremely close spaced, flat to near vertical, planar to
| undulating, smooth.
*CR = CORE RECOVERY {(NOTE: Depfhs are approximated where core recovery is less than 100%)

*RQD = ROCK QUALITY DESIGNATION

Logged by: DAW, Soils and Aggregates Section



Ministry of
Tranapartation

Foundotion Daaign

Ontirio
RECORD OF BOREHOLE No 1 1or2  METRIC
w.p, . 123-87-03 LOCATION Co-ords: N 5 007 797.7, E 364 £78.8 ORIGINATED BY MM,
pisT ... 8 HWY 316 BOREHOLE TYPE _HS Auger, BXl Core Barrel COMPILED BY __FT
DATUM _Geodetic DATE Jon. 23, 1991 CHECKED BY. _ 8L
SOIL PROFILE SAMPLES & o JC N RENETRATION
!‘;w 5 RESISTANCE PLOT w mm uu%ib !:.:% REMARKS
. B w | *8] ¥ 20 «0 60 8 o | ST 0| 28 %
o g i
ELEV Syl w| 2 |85] & [sHEAR STRENGTH wPe F LY F | cran size
DEPTH DESCRIPTION ]2 E| S |32] 5 |oucowmes  + mEw vane , |pistRiBUTION
. 3 E - | &3] 2 |oouck raxaL  x s vane [VATER CONTENT (%) | @)
gy Ground Surface b z 31 20 40 60 8 100 20 40 60 | kN/rmiler sa s cL
0.0 N —
Cloyey Sitt, some Sond
‘Brown, Firm 94
{rim) 11 88 [ fwetne] 176 {0 16 54 20
§3.3
4 A A
2| ss v ] 83 B 6 8 81 11
St trove Send, sornw Clay
Compoct to Dense
3| 58 16
92
Brown 4] 85§ 22
———————— g1
Grey
5155 | 28
61585 25 90 off 0 2 84 14
a9
7188} 38 o 226 {6 3 87 10}
.}
a7
B | 55 | 46
88,4
8.2
REG | 16% - RQD 15%
Heterogeneous mixtue of Silt,
Sond and Gravel 75 @ 25 47 27 3
Cobbles dand Boulders
’ 85
(Glodial T
Grey, Cormpoct to very Densa 26
84
3
with nurmerous b;ulddrs REC | 33% RaD 0%
61 8 67 33 0 ¢
] oo 8 BT A
I REC 1a% QO o%
81
80.7 wee j17x ROD O%
14.0
Doloutone Hedrock
: REC §100% ROGD 61%
Ui h
S o o =
;4 REC | 65% ié ROD A0%
Continued Continued

+3 5, Numbers refer to

' Senuliivity

8
15@05 {X) STRAIN AT FAILURE
1



Mintatry of
Transpartation Foundotlon Design
Ontario

RECORD OF BOREHOLE No 1 2 0F 2 METRIC
WP, _123-87-03 LOCATION Co—ords: N 5 007 787.7, £ 364 678.8 ORIGINATED BY_MM,
DIST.....2 HWY 416 BOREHOLE TYPE _HS Auger, BXL Core Harrel COMPILED BY __ET.
DATUM _Ceodetic DATE Jan. 23, 1991 , CHECKED BY __BL
F o L] ] OYNANIC CONE PENETRATION
50iL PROFILE SAMPLES EW 3 RESISTANCE BLOT L____ P oo o mg REMARKS
. g o |Z8] 9] w e @ w0 wo I 0P L1 EQ x
ELEV Z|5 w| 3| 85| & [SHEAR STRENGTH kPo P = | % L crAN size
pERTH DESCRIPTION 2|21 25|38 5 |owwcowme o+ PED vane o 7 |PiSTREBUTION
) 21z o | EO1 2 |+ auck e x e ane [WATER CONTENT (=) 3 %
‘,f Continued n E & 0 60 80 100 20 40 80 kN/m jor sA 51 L
s05; ] ;// ps ;
55 . 79
7l 18 | re | rec Josx RGD 40X
\.,'//’
78.1 Ygs
: 2/,

16,5 | End of Barehole

3 5. Numbers reter to 0
B X g analiivity m%«’: (%) STRAIN AT FAILURE



Miniutry of
Trarsportation

Fourdation Desige

Oniero
RECORD OF BOREHOLE No 2 1 0F 1 METRIC
Ww.P, 125-87-03 LOCATION Co~ords: N 5 007 8043 F 364 716.7 ORIGINATED HY_ MM
DIST 9 HWY 418 BOREHOLE TYPE _HS Auger, BXl Core Horrel COMPILED BY ...EL
DATUM _Ceodetis DATE Jon, 28, 1991 CHECKED BY .8 .
SOIL PROFILE sampLes | 5 | 3 | RSenace por g oN woe
£2] 8 DA womnre  bOUO | - E | REMARKS
- b " ni*Fg] @ 20 40 60 8O 100 v - W z5 &
ELEV DESCRIPTION i w 3|25 & |[sHeAr STRENGTH kPo et = SRAIN SizE
DEBTH ElE 2| 51381 5 |o usconamep + FIELD VANE o i
M E 5 | ES1 2 |oauck i  x L vane  [WATER CONTENT (%) S @
83.5| Ground surface v N o 20 40 €0 80 100 20 40 80 kN/m GR SA 51 CL
0.9
Silt Jtroce Send, troce Cloy 93
Compact to Very Dense . 55 '8
92
Brawe 2] ss 5
Grey
3| 85 | 44 91 b 223 |0 9 B2 9
41881 &
90
5185 | 28
89
6lss| 7| Y
879 88
5.6 | 7 | 7e | rec fasx ROD 28X
Heterogeneous mixture of .
Silt, Send and Crovel r 87
Colibles and boulders Wid] 8 | RC | REG J44x RQD 27%
{Glocial Ti) e
Grey, Very Dense :7‘ a6
Tl o] ssi 3
b,
il y
! ‘%l 10 38 | 100]/13em G 44 40 7
it numerous boulders
84
11 re | Res | rox ROD 0%
r}“ 12| re | rec |7sx 83 RGO 38%
4l 13| re | rec |a2x rab ox
14| ne | mec jsex 82 ROD 46%
Pial 15 | RC | REC |obx o} RGO 87X
80.7 P s | Re | rec |sex 8 RAD 4%
128 o~ ROD OX
Dotostone Bedrock e 17| RO | REG jroox
=
Unwedthered to slight 17 80
wdnthw:dre o slightly 24
f,, {
S :
(75418 | rRo | Rec | 1oox RGD E4%
5
\/[/’ 79
78.6 Py
14,9 ] End of Bdrehole

+3 5, Numbers refer to
T Senslitity

20
15?;5 {%X) STRAIN AT FAILURE



Niristry of
Transpsrtation

Foundotige Daslge

Ontare
RECORD OF BOREHOLE No 3 tor1  METRIC
W.p, __123-87-03 LOCATION Co-ords: N 5 007 836.0 E 384 730.7 ORIGINATED BY_MM,
DisT.._.8 HWY _416 BOREHOLE TYPE _HS Auger, BXL Core Borrel COMPILED BY _ET.
DATUM _Gegdetic DATE Jon.. 28,1991 CHMECKED BY ... Bl
SOIL PROFILE saMPLES | 5 1 O | RiSetace Flor o oo o
- 2| & Gur e Mosnme RO T | REMARKS
5 g |FE] 7| 2 w0 e & wo [ S ST Z8 ¥
ELEV BESCRIBTION & Q L g %‘"a“‘ cﬁ SHEAR STRENGTH WPy WL * CRAIN SIZE
DEPTH ESCRIPTIO w121 E | F ]33] 5 |ouwconmed  + piEw vane 5 |DisTRIBUTION
ez 5 EU E: ® GUICK TRIAXIAL  x LAB VANE [WATER CONTENT % 5 (%)
94,4 | Ground Surfoce i : o 20 40 60 80 100 20 40 60 kN/miloR SA SI CL
0.0 ™
Claysy Sitt with orgonies, g4
some Sond
Fi
Brown, Fiem 1l s s . 182 [0 14 71 15
a3.0 {Fu)
T4 83
2] 58 14
Silt, troce Sond, some Claoy . ._;“L
Compact to Derse )
s]ss | 2 92 # 229 fo w ez 8
Brown 4188 | 20 o
G
e 5|ss| 25
90
688 #
89
7881 5 a8 1 2 82 1%
87.3
7.1 L1
gfjl 87
Heterogenedus rmixture of LbT
Sit, Sond and Grovel -%I 8| %S 18
{Glacinl 1) E’-
Compoct 14 86
W
d
A 1] 8 ss | 18 a5 # 3417 44 3
l?‘
_with numercus boulders
M REC {87% ROD 78%
B4
‘1 100 § /Scm
. 100% PRI R
i 83
p ree §ioox AGD 76%
81.¢ 82
12.5 REC j62% RAD 51%
Dolostone Bedrock
" a1
3::{3&&;%&6 to shightly
REC |os% RQD 47%
80
79.6
14.8] End of Borehole

33 0, Numbers refer to
Sunxliivity

3

o .
ﬂ%s (%) STRAIN AT FAILURE



Mintutry of

Sanaitivity

20
1545 {X) STRAIN AT FAILURE
1w -

Transportation Foundaton Design
Ontoriy .
RECORD OF BOREHOLE No 4 1 OF 1 METRIC
w.p, _123-87-03 LOCATION Co-ords: N 5 007 7715 E 364 660.2 ORIGINATED BY. ET. .
pisT__8 HWY 416 BOREHOLE TYPE _HS Auger, BXL Core Borrel COMPILED BY __EX.
DATUM _Seodetic DATE Jori, 24, 1991 CHECKED BY .84
'3 W | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES '.hjm a3 | ressrance rlor WAL ke REMARKS
$z! 8 wr Gerar o | 25
- 5 9 #g| w 20 40 &0 8O 100 w A w £5 %
@ o
ELEV DESCRIPTION SEIRRE 25 5 [SHEAR STRENGTH kPa P o SRAN SiZE
DEPTH E1E| >0 3 B8] % |0 UNCONFINED + FIELD VANE v loisTRI
2" 5 §8 = | ouick uaxiaL  x g vang  [WATER CONTENT (%) 4 &
93.9| Ground surface % : i 20 40 60 80 100 20 40 60 | kN/miiGR sA SI CL
0.0 b
Cluyey Silt, troce SAnd
Brown, very Stiff o3
{Fily
92.1
1485 28 lot 225 Jo0 1 87 12
1.8 92 .
Sht, sorre Cluy, troce Sond
Compoet to Denge
Y| o
2] ss | 2v}]
] 90
Grey
3185 ] 28 -
88
41 5% 5
86.8 g7
2.4
Heterogeneous milxture of f’j]
Sit, Sond ond Gravel iy "
%lﬁ 8 2 86 H 28 41 30 6
(Glaeiot Til) :’-
Gray
H4.8 b, 85
8.1} End of Borehole
* disturbed sumple
+3‘ x> o Numbers roter io




Winlstry of

Transgoriation Foundotion Design
Ontarie
RECORD OF BOREHOLE No 5 10F1  METRIC
W.P, 1258703 LOCATION Cowords: N 5 007 B51.7 E 364 765.7 ORIGINATED BY MM
pisr.....32 HWY 416 BOREHOLE TYPE _HS Auger, BXL Core Borrel COMPILED BY ..ET .
DATUM _Geodelic DATE don. 28, 1981 CHECKED BY.. B ...
SOIL PROFILE sampLes | B | 3 | RESEaeE Pt — -
vl 3 vogrure LS | L REMARKS
7 - £z & LT CONTENT LT 56
ol.| |@f28| 72 o @ w | 0 TlE| &
ELEV | : Bl w| 3185| & [sHEAR STRENGTH kPo L * | oraN sizE
DERTH DESCRIPTION |2 21 5|83 & |ouwcowmen v e vane 4 [DISTRIBUTION
E|2 o | ES] 2 | qvck maxa  x um vane [WATER CONTENT (%) J 3
94,31 Ground surface vi N o 20 40 60 80 100 20 40 60 KN/ lor SA 51 CL
0.0 N '
. 94
Probabie Fill
e e e ] 43
Sit, troce Sond, some Cloy 1 58 28
Compact to Dense
Brown 92
ey |
Sitty Sand 2ss | 23] , 91 4 G 54 40 8
80
3| 85 31
83
- 4 85 | w0}/15em] 88
6.6
Haterogensous mixture of
Silt, Sond ond Gravel 87
(Glociar Tiif) s | B
Grey, Very Dense
' 86
84,7 55 | 107 b 2137 35 7
9.5 £nd of Borehole
« waoter level not estoblished
+a' x5 ; Numbirs rafer o

" Sunsthivity

20
w#;s (%) STRAIN AT FAILURE
1




Ministry of

" Sunattivily

Tranypartation Foundetion Design
Onterie
RECORD OF BOREHOLE No 7 1 0F 1 METRIC
W.p, __123-87-03 LOCATION Corords: N 3 OUF 816.0, € 364 709.0 ORIGINATED BY MM,
DIST__8 HWY 416 BOREHOLE TYPE _HS Auqer, BXL Cors, Horrel _ COMPILED BY BT .
DATUM _Geodetic DATE Jon, 29, 1991 CHECKED BY Bl
\L PROFILE ® W [ DYNAMIC CONE PENETRATION
SOIL PRO SAMPLES ] 3 |Ressmice eor PASTC oo U t% REMARKS
. = w | 8]V 20 40 50 0 g0 | e T EE *
“J “ el I} L L i3 L P
ELEV | w| 2| 25| & [SHEAR STRENGTH kPo Y17 | cran size
SEPTH DESCRIPTION c|Z1E | 3|38 & |ouwconmed  + PED vane ,  |oISTRIBUTION
x|z o | S| B |eouck maxaL x ue vane [WATER CONTENT (% | @
94.6 | Ground surface 0 - o 40 60 80 100 20 40 60 KN/ lor 5A $1 CL
0.0
Clayey Silt . soms sand
g4
Brown, Firen
(Fin 1] 88 & g 196 [0 22 82 18
93,2
1.4 83
2] 881 15
Sit. some Sund, troce Clay
Campact
3]s 20 92
4 1 85 20
a1
Browri
wwwwwwww 5| 58 17 o1& 7
Gray
90
& ] 8% 4
83.0 '
5.6 89
Heterogeneous mixture of
Sitt, Sond ond Grovel 55 4
{Glociat Til) 8s
Grey, Cémpcct to Very Dense
a7
82
86
) 5§ | 137 {/20em Y] 234 j23 40 S0 7
“with numerous boulders 85
RC | REC §14% RQD O%
B4
RC | REC J27% RUD 16%
83
RE | REC |53% ROD 40X
RC | REC J46%X 82 RQD 0%
RC | REC Ji6% RQD O%
81,2 ’
13.4 RC | REC | 75% 81 RQD 42%
Dolostone Bedrack
Unweathered to wslightly RC | REC |100% RQD 44%
wedtherad o B8O
79.4
e BT R P b ————; s —— e ]
£ End of Horéhole == s
+3, %3 ; Numbars rater to 1583 (X) STRAN AT FALURE
1




Ministry of
Transporiation

Foundation Design

Gutarie
RECORD OF BOREHOLE No 8 tor1  METRIC
w.p, 123-87-03 LOCATION Co—orde: N 5 007 822.1, £ 364 74B.0 CRICINATED BY._F.T
pisT...8 HWY 416 BOREHOLE TYPE _HS Auger, BXL Cors Harrel COMPILED BY _EL. ...
DATUN _Groduatic DATE Jon. 29, 1661 CHECKED BY.._Bb
: T W T DYNAMIC CONE PEN
SOIL PROFILE i ENE e CNE. FENETRATION . we | e o
- w 32| & 0 40 e m T |M wn wr | 5F | REMARKS
- 8 @ i g » ) f f f i “'P w wL D‘g‘ &
ELEV SCRIPT Gl w| 3|25 & [SHEAR STRENGTH kPo e G GRAIN SIZE
SEPTH PESCRIPTION w12 E | F|B2] & |ouwcowmen  + e vane 4 |oisTRIBUTION
elz 5 |G| & | e ouok axa  x L vake [WATER CONTENT (%) J @
93.6{ Ground surface @ : o 6p 80 100 20 40 60 | kN/mlgRr SA SI CL
0.0 7
7] ,
Cloyey Silt, truce Orgonics P 93
sorne sand % //
Block, Stiff Al 1]ss | w i 189 J0 16 68 15
92.2 A
1.4 L]
215 | 28
Sit, some Sond, troce Clay
Compact to very Derise
3]s »m 91
Brown
Gray
4l ss i 27 # 232 Jo 10 8t 9
90
51 s5 | 28
89
6158 | 47
a8
7| 88| 56
87
BE.5
74 i
. H
Haterogensous mixture of 5 85
Silt, Sond and Grovel '.%I 8les | 26 18 42 34 6§
P,
{Giaciol Til) ;?
Grey, Comipact to Dense ky 85
o,
u?jl glss| w
. 84
o
72
i
iy 83
mjl 0] 55| 25 ° 55 28 13 4
__________________
with numerous boulders 8y
RC | mec jozx ROD 15%
808 RC | REC |96% & RQD 38%
12.7
Dologtorie Badrock 0
Unweothersd to slightly
wetthered we | aec Leux RQD 1%
78.9 7
14.7 {End of Horshole
» water level not estoblished

+3 3 Numbers refer to
Y7 Sunettivity

20
15;%5 (%) STRAIN AT FAILURE




MINISTRY OF TRANSPORTATION , ONTARIO PH-D- 207 8810

- CONT No
METRIC [we No 123-87-03

I DIMENSIONS ARE IN METRES

7 1,: BANKFIELD OTIERWISE SHOWN. STATIONS
i -“2 e 1 P 1N KILOMETRES ¥ METRES . BANKFELD RD SHEETY
0 CLAYEY SiLY5 5 o6 .;ﬁ(;% P —
SO e | : e BORE HOLE LOCATIONS & SOIL STRATA
95 —AFILL) B ; 95 o0 2 /\’-———__’/’\/\‘7/ : 93.5
MR R R RS, 733 i e Nl 1.0
94 94 21.0 -
P e A A L s VARG = T S~z
AWAVLS —WE_ T = = =
93 et §3 920 HOT I+820.790] HWY_416 - 735
1% FTTTHOT 04000 BANKEELD %5 RELOC B
¢z 20 T8 92 [ } 4.0
91 0 SILT 44 33 945 .5 ‘ “- y
17 TRACE /50ME SANDG 5
TRACE CLAY &1 < b
%0 4 1Compact fo Very Dense {| 25 70 - g
T
85 acadl IR EETHTIITINON 6 &G /BANKFELD RD os
ERRRN R A e~ | =
I A man e e B e E 88 943 . . 0.0
o ortliEnl vleibrleerinel '?_’?few N‘ej @ | ; 8 933
AR NI R RN 1B NE RS 94:&}6 4 WE & =2 1 B : mT\-————“————‘M
« - - o | . . - wierfe v o B . - - : —L
8 TR T T T B T 7 commes s 5] o0 @ recroseo—'
bl e dof- Pl d el || ) BOULDERS L s FOOTINGS s
85 NUMERGUS & | T T T Fifee *3<mf‘.}-i‘ ) ~ . \l.lRtDEAU
g LOUDERS | M IHETEROGENEQUS MIXTURETF]  Thimerdus | o, .0 ~ i
ST TP T SILT, SAND & GRAVEL BOULDERS - ‘ ! L
o3 Ll L {ctaciaL Tui} ol K350 N L1 N \\ ﬁ\ i‘; ‘;\
BN Compact to Very Dense INNANY < © 2 KEY P
a7 . : . 1.1 ' d “lge > B4 EY LAN
T e ST T AT R TR SCALE
SHANEr H - iab e e G lkm
81 e 2 S - 81 e
7 IR
80 80
DOLOSTONE BEDROCK
79 — Weathered fo 79 4 1 5 LEGEND
Skightly Weathered -‘- & WL NOT
78 78 0z T T —— @ Bore Hole
77 77 0o 140 '@' ‘ Dynomic {one Penetrotion Test [Cone]
A"A 08 éﬁ_fg&g gé%rs.j 1‘{ E -5 RAME } HWY 416 ?W-N RAMP 98 _$‘ Bore Hole & Cone
o6 : SOME \?ANDS o \l i i 96 N Blows/0-3m {Std Pen Test, 475 §/blow]
ry Firm to Very Sk N N
BANKFIELD KA KA AR TAN L) W b4 2w s S W K A T T ST AT AR, 34 S 5 X3 CONE  Blows/O3m {80° Cone, 475 !fblow}
-#3 . RO 8 ar 4 Pt és{sgmxgg)_g%_)g_x__ SE L S ST STTE KKK PROBABLE FILL )$ AN ' “
96 CLAYEY ST ! ABN.iS}éEE}% 92 28 LDty (T T T I IARRRIREI ; fj2 92 X WL ot time of investigation 91 01
WiTH ORG'S H CLAYEY SILT _‘i_ 22 PHHSILTHH T SIETY ‘.ANS'——E’ 230tE )
SOME SAND i r TR _ORG'S 7T 25 TRACE /SOME SAND X 1T 90
§5 TFILL N Y f \‘ SOME SAND 79 90 PINE i TRACE 7SOME CLAY i
o4 2y AN 24 B8 ] Compact to Dir:ie 3 FRENY bbb eairsom 88
| Very Loose ENBELY . 3t PRI ]’ gereell Ly TR 4 =TT B
93 S Y/E 2l 93 g6 b fof-T 0l 7 I - - n L - I3 SERE . s < . . . . e a3 rf %1 g6
iy 10} Loose <°$°.°_-____«_4f-coﬁaa.ssamoERSE2:' Ay R L T P L T e TR
92 b s o, ¢2 a4 8 S VS DT O 21 HETEROGENECUS MIXTURE OF o S SN 1SR SEC M PR L ERAE 1 I el i it . : a4 CO-ORDINATES
NBLEAR i'?i:q 1 LSILT, SAND & GRAVEL! [.] 1+ |- 1" RN BEBR AN RAR AR RENE Mo | ELEVATION!  noRTH EAST
91 20 32 a1 o NOMEROUS BOULDERSE 81 [1% { GLACIAL TILE] . Telahs o W £ P £ B £ 5 S BHMGNACIDMD 82
2 “‘i‘%g o|Compact to Very Denselo|-} (-] 1-1.1-[LI-]°] |t 2T 1 94.7 50077977 ] 364 678.8
90 SIEY 27 o0 80 > 7% AR 80
5t TRACE /SCME SAND . z 93.5 |5007804.3] 364 716.7
5o | L TRACE /SOME cLa 59 78 DOLOSTONE BEDROCK 78 3 | 944 |5007836.0] 364739.7
Compact to Very Dease 47 UnWeathered to Slightly Weathered
&8 % 8& 7é ) 76 o4 ¢3.9 5007771.5] 364 6602
56 5 94.3 5007851.7] 364 765.7
87 nE 87 74 74
A Phs i te b LRI R 7 94.6 [5007816.0] 364 709.0
. PR - - . - ~ e i-fEy- {2 ~tate e
8 IR FETEROGENEUS MIXTURE OF $251 11 1-17]°¢ 72 =) s S 72 8 1 93.6 (50078221 364 748.0
SRR R SILT, SAND & GRAVEL 1°F §f-t'i-Je a5 2 =3 8 .
85 ST TR E TGLACAL TLLE - 18 ] |- 70 " ¥ +
PR 4] - 's"n" Tcmpact to Dense - S FRACE LI NPy o o 2 . ] 58
SN tn‘?"'ﬁyi‘}.ié.'.' AT
s frp PR PP L PP LR B EREY EEE ¢ PROFILE BANKFIELD RD
PAUEE B f\izufrfxeus ;B?m;gi?s?i RN ISR SCALE .
. “ . . 1 q- . - o o | N
82 RPN s T h S T 8% 8m 23 &m EHcf
81 =k Zrscorsid . am 0 i e
30 DOLOSTONE BgDROCK 80
. - UnWeathered io
Slightly Weathered -
7¢ = S 7 =NOTE=
The baundories berween soil strate hove been estoblished
78 78 only of Bore Hole locations. Berween Bore Holes the
77 77 boundories ore assumed from geoclogical evidence.
B - B MOTE: The complete foundotion investigotion ond design repert for
this project ond cther reloted doc moy ba inad at the
SEC‘E{ONS Engingering Moterials Office, Do iow. Ink i ingd in
: this report ond reloted documents is spacifically excluded in
SCALE - ) octordenca with the conditions of Section H2-2 of Form 100,
dm 2 O 4me Her . EI
! wlpare fav | DESCHPTION
Zm 1 o Zm Vet Geocres Ne 331G -204
HWY No 416 oISt 9
SuBMO MMICHECKED  TpaTE G104 2& ISiTE 3-553

REF Mo E-52-416-6, 9010 ORAWN DT [CHECKED fif [Armeoves DWG 1238703 -A
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