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FOUNDATION INVESTIGATION REPORT
' for
E-S Ramp Over Hwy. 417
Structure #2
Hwy. 416/417 Interchange
District 9; Ottawa
W.p, 120-87-05, Site #3-52~532

INTRODUCTION

This report summarizes the results of a foundation investigation for the above

site.

The fieldwork was carried out from 88 07 25 to 88 08 12 utilizing a continuous
flight auger machine equipped with 82 mm I.D. hollow stem augers, solid stem
augers, BW casing and BXL rock core barrel. Additional fieldwork was performed
from 88 10 25 to 88 10 26.

The investigation consisted of 8 “sampled boreholes, and 4 dynamic cone

penetration tests. The boreholes ranged in depth from 7 to 39 metres.

Groundwater levels were measured in open boreholes at each borehole location.

SITE DESCRIPTION

The proposed structure site is located immediately south of the existing
interchange of highway 417 and Acres Road. The surrounding area is generally
flat with slightly rolling corn fields to the south and east of the site.
Boreholes were advanced through varying heights of the existing approach f£ill of

the Acres Road overpass and surrounding area.

Approximately 500 m to the west of the site, bedrock outcrops can be seen.

SUBSURFACE CONDITIONS

The subsoil conditions in this area can generally be described as sand and
clayey silt fill, overlying a 3.0 m deposit of silty clay, overlying a 6.0 m
deposit of clayey silt to silt with interbedded layers of silty sand.
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Beneath this cohesive zone lies a thick deposit of silty sand to sand, which in
turn overlies a zone of sand, gravel and boulders (Glacial Till) which extends

to bedrock.

The boundaries of the subsoil types, laboratory test results and groundwater
levels are shown on the Record of Borehole log sheets contained in the
Appendix, The locations and elevations of the boreheoles along with the
stratigraphical profile are shown on Drawing 1208705-A.

The various soils encountered at this site are described as follows:

Sand, Some Clayey Silt (Fill)

The existing south approach fill to the Acres Road overpass consists of sand

with a trace of gravel and pockets of clayey silt.

The top layer consists of granular road bed material with the remainder composed
primarily of sand. Some pockets of clayey silt were encountered, particularly
at the toes of the approach £1ill slopes. The thickness of the material
corresponds to the height of the approach £ill above original ground, ranging up

to 4.0 m.

The material is generally non-cohesive and dry. The clayey silt encountered is
cohesive and of low plasticity, similar t¢ the natural material located in the

area,

Based on 'N' values obtained from the Standard Penetration test, the £ill is in

a compact to dense state.

8ilty Clay, Some Sand

This material was encountered in all boreholes with the exception of borehole
2-4A and 2-4B, where sampling frequencies bypassed this layer. It represents

the beginning of the native material for this area.
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The layer consists of brown silty clay with a trace to some sand. It is

cohesive, has low plasticity and low moisture content. Based on shear strength

data, the material has a firm to very stiff consistency.

Figure 1 illustrates a typical plasticity chart for this material based on
representative samples from the site. Figure 2 represents a typical gradation

envelope for the material,.

Laboratory wvalues are contained on the Record of Borehole log sheets in the

Appendix.

Clayey Silt to Silt with Interbedded Layers of Silty Sand

Beneath the silty clay layer lies a deposit of clayey silt to silt. This
material is cohesive and ranges from low plasticity to intermediate plasticity.
It is characterized by frequent thin seams of silty sand located throughout the

deposit,

The material is wet, indicating that the water table is located within this
layer. 'N' values from the field investipation indicate very soft conditions
throughout this layer, however field vane tests and laboratory shear strength

tests indicate that the consistency of the material ranges from soft to firm.

Consolidation tests were performed on this material to investigate its

settlement characteristics.

The results of the laboratory test are summarized below:

Atterberg Limits Range (% Averape (%
Water Content (w) 28-43 33.1
Plastic Limit (wyp) 12-20 15,1

Liquid Limit (wy) 19-43 28.9
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Undrained Shear Strength (Cu) Range (kPa) Sensitivity
Field Vane 38-115 2-12
Laboratory Vane 45-75 3-14
Unconfined Compression Test 27-141 N/A
Consolidation Results Range

Initial Void Ratio (ey) 0.969-1.266

Compression Index (C.) 0.65-1.43
Preconsolidation Pressure (Pg) 383-530

Figure 3 represents a typical plasticity chart for this material while Figure &

represents a gradation envelope for this material.

Silty Sand to Sand

Underlying the clayey silt to silt layer is a deposit of medium to coarse silty
sand, with a trace to some gravel. The deposit ranges in thickness from 2.5 m
to 14.2 m.

It is non cohesive, water bearing and is in a very loose to very dense state,
based on 'N' values. Cobbles were encountered at varying depths throughout the

deposit.

Figure 5 represents a typical grain size distribution envelope for this

material.

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

This layer is a very dense deposit of sand, gravel and boulders, which lies

directly over bedrock,.

During the field investigation, augering through this layer was very difficult
and time consuming. Rock coring procedures were utilized for sampling due to

the high percentage of boulders encountered.
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The material is non cohesive and ranges in thickness from 10 m to greater than
16 m. ' The full vertical extent of the deposit was not determined during the

investigation, as the boreholes could not be advanced past elevation 36 m.
Bedrock
Bedrock was encountered in 5 boreholes and cored in 3 boreholes.

On the west side of Acres Road (Boreholes 2-1, 2-2, 2-3 & 2-6) bedrock was

encountered at relatively shallow depths.

It is sloped and rises from east to west, from 23 m below ground surface to

within 8.5 m. Further west, bedrock outcrops can be seen,

To the east of Acres Road, bedrock was encountered at elevation 35
m,considerably lower than on the west side of Acres Road. There appears to be a
fault line or glacial valley running between Boreholes #2-3 and #2-5, as
boreholes #2-4A and #2-4B both were advanced to a lower elevation than borehole
#2-5 without encountering bedrock (see Drawing 1208705-A).

Analyses of the recovered core samples indicate that bedrock is composed of
sandstone and dolostone. For a complete degcription of the bedrock, refer to
the appendix.

Groundwater

Groundwater was measured in open boreholes at all locations with the exception
of Borehole #2-6.

It is located within the clayey silt to siit 1ayér at an estimated elevation of
64.0 m. |

For ground water levels in the vicinity of the structure footings, refer to the

Record of Borehole log sheetz in the Appendix.
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DISCUSSION AND RECOMMENDATIONS

‘Structure #2 is one of three structures that comprise Ramp E-S which will carry

westbound highway 417 traffic to south bound highway 416.

The ultimate layout of the 416/417 interchange includes the realignment of
Acres Road and the eastbound lanes of highway 417. It is not known at this time
whether the existing Acres Road overpass will be kept in service during
construction of structure #2,

During the field investigation it became quickly evident that the proposed
structure could not be founded economically on spread footings, as competent
founding material was not encountered until 7.0 m below the existing ground
surface, 19 m below the proposed profile grade.

The presence of a soft layer of clayey silt to silt precluded the option of
founding the structure on engineered fills consisting of granular pads, as
excessive settlement would be anticipated. The layer also poses problems for
the stability of the approach fills and their related settlement.

Therefore, based on the results of the field investigation, the following
recommendations are proposed:

APPROACH EMBANKMENT RECOMMENDATIONS

Stability

The proposed £ill heights for the embankment apéroaches are in the order of 10
to 12 m., A slope stability analysis in terms of total stresses was performed
for the £ills in both the longitudinal and transverse direction.

It is assumed that the approach fills will be composed of well-compacted
granular-type material. The assumed unit weight of the f£ill is 20 kN/m3. It is
important to stress that if the proposed £ill material has a higher density than
20 kKN/m3, that this section be contacted to re%analyse the overall stability of
the embankment fills.
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The results of the stability analysis indicate;

i) Fills less than 8.0 m in height may be constructed with standard 2H:1V side
slopes.

ii) Fills in excess of 8.0 m should be constructed with a single berm at
mid-height in accordance with Figure 6. Berms are to be constructed in
conjunction with the approach fills as a complete unit up to the height of the
berm, at which point the remainder of the fill may be constructed. Side slopes
are to be 2H:1V,

1ii) At the proposed profile grade, berms will be required in both the
longitudinal and transverse directions in the vicinity of the structure. In
order to accomodate berms in the longitudinal direction, the proposed spans of
the structure may have to be modified., It may be advantageous to minimize the
berm requirements by limiting the height of £ill, if possible,

Settlement

Settlement of the approach £ills under their own weight and from consolidation
of the soil beneath can be anticipated.

Settlement is estimated to be in the order of 150 mm, based on a 12.0m fill.
This settlment is expected to occur over time, with 90 % of the settlement
occuring within 3 years of construction. It is recommended that the approach
fills be allowed to settle for a minimum 6 month period prior to paving.

STRUCTURE_RECOMMENDATIONS

Abutments

The abutments can be founded on Steel H end-bearing Piles driven to bedrock or
into the glacial till,

The following 0.H.B.D.C. loads may be utilized for design:

Pile Tip Factored Capacity S.L.5.
Type Elevation at U.L.S. Type II
West Abutment 310x110 52.8-53.8 ~1650 kN 1150 kN

East Abutment 310x110 40.0 1600 kN 900 kN
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Piles for the east abutment should be driven into the glacial till deposit.
Pile driving should be controlled using the Hiley Formula, from elevation 44.0.

Excessive settlement of the proposed approach fills is anticipated and will
impose considerable negative skin frictional loads on the piles supporting the
abutments. Therefore to account for this downdrag loading, the above mentioned
pile capacities must be reduced by 15%.

In addition to the negative skin frictional forces, settlement of the approach
fills will induce additional lateral loading on the abutments which may cause
rotation of the abutments. In order to improve the stability of the abutments
in the longitudinal direction, it is recommended to support the extreme ends of
the wing walls on end-bearing piles. The capacities stated for the abutments
may be utilized for the design of the wing wall piles.

Piers

Piers #1 and #2 may be founded on steel H end-bearing piles driven to bedrock or
into the glacial till.

The following O.H.B.D.C. capacities may be utilized for design:

Pile Tip Factored Capacity S.L.S.

Type Elevation at U.L.S. Type II
West Pier 310x110 44.0 1600 kN 900 kN
East Pier 3l0xli0o 40,0 1600 kN 900 kN

Pile Driving

All piles are to be driven in accordance with OPSS 903. Piles not driven to
bedrock are to be controlled by the Hiley Formula (MTO Standard §S-103~11)
utilizing an ultimate pile capacity of 3300 kN with a minimum hammer energy of
50,000 joules/blow. ’

All piles should be equipped with driving tips to prevent damage during driving.




Roadway Protection

Shoring will not be required for the construction of either abutment. If the
existing Acres Road overpass is to be kept in service during construction of
" this structure, shoring will be required for excavation of both piers, if the
excavations exceed 1.2 m in depth and l:1 slopes cannot be maintained.

Dewatering
No dewatering problems are anticipated, as all excavations (if any) will be

above the water table. Sump pumps may accomodate any surface run off into the
excavations,

Earth Pressure

Backfill to structures should consist of free-draining granular materials in
accordance with MTO Special Provision 121.

Computation of earth pressure should be in accordance with section 6.6.1.2 of
the 0.H.B.D.C. For abutment walls, the active case should be considered for
design. The ‘'at-rest' case should only be used for design when the propping
action of the deck prevents deflection of the abutment walls.

The following unfactored wvalues can be used for calculating lateral earth
pressures: -

Y g Ka Ko

Granular 'A’ 22.8 KN/m3 35° 0.33 0.50
Granular 'B' 21.2 ¥N/m3 30° 0.27 0.43

Compaction of granular backfill in the vicinity of the structure walls shall be
in accordance with OPSS 501 and MTO Directive B~131.

Frost Protection

A minimum of 1.8 m of earth cover, or equivalent, to the base of the footing or

pile cap, is required for frost protection.
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MISCELLANEQUS

The fieldwork was carried out under the supervision of R. Otway, Foundation
Engineer, using equipment rented from Marathon Drilling Co. Ltd., Ottawa, and
F.E. Johnston Drilling Co. Ltd., Ottawa.

The report was writtem by R. Otway, Foundation Engineer, and reviewed by M.

Devata, Chief Foundations Engineer.

+Eng.

Engineer

//)‘”) . g&w’”mﬁﬁ—a

M.S. Devata, P.Eng.

Chief Foundations Engineer
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SILTY CLAY, SOME SAND
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EXPLANATION OF TERMS USED IN REPORT
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DESCRIPTION

OF ROCK CORE - WP 120-87-05

CORE RECOVERY

CORE DESCRIPTION

DEPTH
(m)

%CR*

%ROD*

DEPTH
(m)

DESCRIPTION

8.66-10.39

10.39-11.99

92

98

47

75

8.66~10.21

10.21~11.99

SANDSTONE, very light grey; medium grained; medium
bedded (10-60 cm); well cemented; medium strong rock;
slightly weathered to unweathered; moderately close
spaced fractures: (1) flat, open, rough, slightly
altered; and (2) near vertical, open, calcite filled.

SANDSTONE, calcareous; light to medium grey; medium to
fine grained; thin to medium bedded (1-40 cm), with
very thin argillaceous laminations and thin
conglomeratic beds; close spaced fractures: flat,
rough, planar, slightly open, slightly altered, clean;
intensely fractured zone from 10.06-10.21 m.

12.62-13.49
13.49-14.48

14.48-14.98

96

97

94

76
50

12.62-13.44

13.44-14.98

SANDSTONE, calcareous; light to medium grey: medium to
fine grained; thinly bedded with very thin argillaceous
laminations; strong to medium strong rock; moderately
close spaced fractures: flat, irregular, rough, open,
unaltered, clean.

SANDSTONE, very light grey to light brown; fine
grained; thick bedded (to 50 cm); strong rock: close
spaced fractures: (1) flat, rough, slightly altered,
clean; (2) near vertical, planar, open, calcite filled.

NOTE: Depths are approximated in zones of 1../2
*CR CORE RECOVERY

*ROD ROCK QUALITY DESIGNATION

poor core recovery.

It
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DESCRIPTION OF ROCK CORE -~ WP 120-87-05

CORE RECOVERY

- CORE DESCRIPTION

HOLE DEPTH %CR¥* | SROD* DEPTH DESCRIPTION
# (m) (m)

2=-4a|RC10 24.04-39.04| OVERBURDEN, containing foreign and locally derived

24.04-25.76 62 - bedrock material, boulders up to 11 cm. May
also contain heavily fractured bedrock (SILTY DOLOSTONE
RC11 dark grey; fine grained; thinly bedded with minor
25.76-26.82 argillaceous laminations) of very poor
drillable quality.
26.82-27.03]| NOT CORED
-EOH~ BEDROCK NOT CONFIRMED BY DRILLING.

RC13 , |
27.03-28.65 6 -
28.65-29.13{ NOT CORED
RC14 ‘
29.13-30.23 2 -
RC15
30.23-31.62 9 -
31.62-36.271 NOT CORED|
RC16
36.27-37.90 30 -
RC 17
37.90-38.35 47 -
RC18
38.35-39.04 30 -

NOTE: Depths are approximated in zones of poor core recovery. 1../2

*CR CORE RECOVERY

*RQD

I

ROCK QUALITY DESIGNATION




DESCRIPTION OF ROCK CORE - WP 120-~87~05

CORE RECOVERY

CORE DESCRIPTION

HOLE DEPTH %CR* | sRQD* DEPTH DESCRIPTION
# (m) {m)

2-4b|RC1 22.86-35.89| OVERBURDEN, containing foreign and locally derived

22.86-23.77 38 - bedrock material. May also contain heavily fractured
bedrock (SILTY DOLOSTONE, dark grey; fine grained;
23.77-24.99{ NOT CORED thinly bedded with minor argillaceous laminations) of
’ very poor drillable quality.

RC3 :
24.99-25.60 25 - = BOH BEDROCK NOT CONFIRMED BY DRILLING.
25.60-26.52| NOT CORED
RC4
26.52-27.43 19 -
27.43-32.8%| NOT CORED
RCH
32.89-34.04 i8 -
34.04-34.32| NOT CORED
RC7
34.32-35.89 35 -

NOTE: Depths are approximated in zones of poor core recovery.

*CR

= CORE RECOVERY
*RQD = ROCK QUALITY DESIGNATION

2../2



DESCRIPTION OF ROCK CORE - WP 120-87-05

CORE RECOVERY CORE DESCRIPTION
HOLE DEPTH %CR#* | SROD#* DEPTH DESCRIPTION
# (m) (m) '
2-5 120.27-21.34 71 - 20.27-30.33| OVERBURDEN, containing foreign and locally derived

bedrock material, boulders up to 40 cm.
21.34-22.56| NOT CORED
30.33-32.08| BILTY DOLOSTONE, dark grey; fine grained; thinly bedded

22.56-23.47 14 - with minor argillaceous laminations; medium strong
rock; close to very close spaced fractures: (1) flat,
23,47-24.13 8 - ~irregular, planar, slightly altered, slightly open,

clean; (2) near vertical, planar, calcite filled.
24.13-24.38| NOT CORED

24.38-27.25] 8| -
27.25-27.74| NOT CORED
27.74-28.96| 32| -
28.96-30.56] 78] o0
30.56-30.99| 94| 44
30.99-31.47| 100| 32

31.47-32.08| 100 56

NOTE: Depths are approximated in zones of poor core recovery. 2../2
*CR CORE RECOVERY
*ROD ROCK QUALITY DESIGNATION

i



OFfFICE REPORT ON 50K EXPLORATION

Mhitugtry
&t
O;n@; Tranapartation
RECORD OF BOREHOLE No 2-1 METRIC
WP 120-87-D5 LOCATION Co-ords. N 5 022 323.6; E 358 44B.7 ORIGINATED BY _ RO
DIST 9 Hwy 417 BOREMOLE typg __H-S Auger, BW Casing, BXL Rock Core & Cone Test COMPILED  BY W‘g m
BATUM Geodetic DATE 88 07 25 CHECKED 8Y WE
o I CONE BENETRATION
5OIL PROFILE SAMPLES aﬁm g Rgg;&s(‘:g pNLOT oazr.c NATURAL ;
; gz 9 Ut SSETSRE AP =5 | REMARKS
; - w |20 & 20 40 80 80 100 CoNTENT Zx &
O o Wy - z L i i H ! Wb W WL :Du.a
ELEV | BESCRIPTIO S - U Qé S |SHEAR STRENGTH Pn et O Z | ocrain Si78
el | IPTION = - b ) - DISTRIBUTION
DEPTH! - =B & T o uNCONfINED + FiELD VANE . ¥ °
: 2z 5 %U . 1eGuck TriaxaL x iae yang | WATER CONTENT (%) (%)
65.9 Ground Surface | O : e 20 40 60 80 100 20 40 60 GR SA 5| CL
g.0 Silty Clay i
Some Sand % J
64.7 Firm 1| &8s [ _L_
1.2 % o }
4 p 2| 88 2 64 | ety 0 18 35 47
Clayey $ilt // ]l +45
to 5ilt €
With Interbedded A 3T w | PR
Layars of A 62
8ilty Sand A 41 58 1
Sofr to Firm <
// 51 88 1 o 128 33 38
r
523 ./ 6] 85 3 60 <
" | Silty Sand ro Sand RS A - - < ° 781 (12)
Trace Gravel
Occasional Cobbles |,
Very Loose to Loose | | 8185 8 58
57.4 . >
8.5 A TR
Sandstone 9 :ﬁh ggg RQD = 479
Bedrock 56
Sound
BXL | REC
101 3¢ | oay, RQD = 75%
53.9 54 - zm’ e
12.0 End of Borehole i
|
+
|
i
+3 x5 . Numbers refer to

Al

Sensitivity

20
155 (%) STRAIN AT FAILURE
10



OFFICE REPORYT ON SOIL EXPLORATION

Murumtry

of

Transponation
Conaro

RECORD OF BOREHOLE No 2-2 METRIC
w P 120-87-03 LOCATION Covords, N 5 022 542.6; K 358 463.8 CRIGINATED BY __RO
DIST 9wy 417 BOREMOLE Type H-S Auger, 'B' Casing, BXL Rotk Core & Cone Test COMPILED &Y RO
DATUM Geodetic DATE 88 07 25 & 88 10 25 to 26 CHECKED By -
o CONE PENET N
SQIL PROFILE SAMPLES | & | % BIANS  CONE ENETRATIO . wataka. -
" mz ! & Prastic moisrte MOUD | T L peyipye
i - ;O & 20 40 60 80 00 Limit CONTENT cIMIT %9
5 Ol e o = > ) ) ; ; : Wp W w, | 5w &
ELEV DESCRIPTION Byl w2 %g 5 [SHEAR STRENGTH «Po e oot 3 | GRAIN SiZE
BEPTH B Z S35 % lounconmne  + Fiewd vane . y  |DISTRIBUTION
! g2 . %u 2 | ouck TRanaL  x Lag vane |WATER CONTENT (%) (%)
66.4 ; Ground Surface o : - 20 40 60 B8O 100 20 40 60 GR 54 51 ¢l
0.0 f Silty Clay ;, 64 !
| Trace of Sand
649 Stiff s 1] -+
1.5 B 7] W | PR 8 0 64 (38)
+9
Clayey Silt to | 385 7 64 i S 0 29 26 45
Silt with +b
Interbedded Layers 41 8% 2
of 8ilty Sand rtss T "
Fi 62
Soft to Firm A YT i \ o o 0 9 54 37
4 7158 < L6
// 8/ ss | 4 6 .,
59.4 )
7.0 .
Silty Sand to Sand IS 4 \
Trace of Gravel 54 “
Occasional Cobbles \\
10] 55 | 80 e
Very Logse to v
Very Dense 54_
111 88 17120§25 cm o 2 9% {4}
53.8 ' 127 88 1100 54 ;
12,
: 131 s RQD = 76%
Bedrock T RE(';
Sandgtone, Sound 14 re  lg79 RQD = 50%
- 52
51.4 d 15 |RC  |REC ] 94% RQD = (%
1300 End of Borehole !

+3, x5 . Numbers refer ta
Sensitivity

20

10

15 45 {%) STRAIN AT FAILURE




S

OFFICE REPORT ON SOIl EXPLORATION

ITHETY

Transpottaton

RECORD OF BOREHOLE No 2-3

METRIC

w P 120-87-0% LOCATION Co-ords. N 5 022 371.5; E 358 475.5 CRIGINATED BY RO
DIST 9 MWy 417 BOREHOLE Typt Hollow Stem Auger - BW Easing & Cone Test COMPILED BY RO
DATUM Geodetic DATE 88 07 25 vo 26 CHECKED 8y
. DYNAMIC CONE PENETRATION
$OIL PROFILE SAMPLES | S0y | 2 | ResistaNcE Lot oingrie NATURAL £
y EZ ) LASTIC mierure LIGUID = REMARKS
i - w |28 & 20 40 60 g0 100 |NWT contewr Wt SO
| 9 $ w g QE > A L L ; d Wp W W, :)u;“) &
ELEY ESCRIPTION SIE € 2| 25| § [SHEAR STRENGTH Who S GRAIN 517E
DEFTH © w20 S 1281 & [ounconmned  + Fiewd vane rER cOnTEnT (| 7 [PISTRIBUTION
g F4 > 5‘-) é ® DUICK TRIAKIAL  x aB vane | WATER CON {%) (%)
67.6 Ground Surface i ’ w 20 40 60 80 100 20 40 ?O GR SA 51 (L
0.0 Sand .
Some Clayey $ilt &
ill p
66. 2 ((:F 3: ) S§ | 11 Ot 150 28 21
f2
1.4 $ilty Clay 2] v | PH 6 o X o 0 446 50
Trace of Sand / T
Firm to
Very Stiff / 41 55 1 1 X o ot | 0 & 45 51
63,9 5 &8 15
4.4 4 6 85 | 1
Clayey Silc »
to Silt // 7] T™W | PH 6 Qo 0 36 44 20
With Interbedded
Layers of 1. 8,88 | 1 o 0 31 30 39
$ilty Sand LA
Soft to 31758 1 6 &
Firm
"
110} ss 0 55#— o
T ———
57.4 A E.
18.2 g e
11} 85 | 39 o 093 (7
Silry Sand 56#-
to Sand i
121 88 18
Trace of Gravel .
Occasional Cobbles 54 :
Compact to
Very Dense
Y 13] 88 76 52
i i
. \
3
141 58 | 87
|
48
L . 151 88 34 46
4e.7 L.
22.9 End of Boreghole WQA
Probable Bedrock
I
|
i

+3, x5 . Numbers refer to
SenSmVIty

w

1545 %) STRAIN AT FALURE
10

i




OFFICE REPORT ON SON EXPLORATION

Mirugtry

of

Transportation
Onthrio

RECORD OF BOREHOLE No 2-4A METRIC
WP 120-87-0% LOCATION Cosords. N 5 022 604.9: E 358 492.6 ORIGINATED BY __RO
DIST 9 MWy 417 BOREHOLE Typg H-5 Auger, BW Casing, BXL Roek Core COMPILED BY RO
DATUM Geodetic . DATE 88 07 29 to 31 CHECKED BY _ﬁg
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | & e hoy NaTgRaL =
= = PLASTIC  gperogy viGUID ] o X REMARKS
g2 L LMt CONTENT  LIMIY -
- wr 20 b4 20 40 60 840 1o = &
Ol w m,_._. - A 4 ; 1 Wp w W, oW
ELEY BESCRIPTION 12 8 2|25 & [SHEAR STRENGTH 4o S — 3§ GRaIN SiZE
| =1 o P pad . DISTRIBUTION
DEPTH [0 B2 AT - o g O UNCONFINED + FIELD VANE . ¥
i g z > %U o | e quck Traxial x Lap vang | WATER CONTENT (%) {%}
69, ] Ground Surface v ; U | , GR SA 51 CL
N |
Sand . i
Trace of Clayey Silt
Dense 68y
(Fill)
6?; i 1188 35 66
Clayey $ilt to
8ilt with
Interbedded Layers
of Silty Sand 64
Soft to A1 2] 58 | 22 06529 6
Firm ///
v 6
A 3lss | 2 “
11
f/
60.0) 1] 488 |17
5.6 F x| 6
-
- 5 58 | 16 19 73 (8)
$ilty Sand 5 ‘
to Sand
6| 88 34
Some Gravel
Occagional Cobbles 56
Compact to
Very Dense .
AEEREE: 54
i 52
‘T8l8s [ 62 584 (11)
5 5
: 3188 | 60 48
45.8 N ab
23.8 LD
| Heterogeneous Mixture Iia
; of Sand, ]
. Gravel and Boulders " J104 RC |REC | 62% 4
B i X g Ll
i {Glacial Till) .éb 111 re R%g
‘ Very Dense s TETs T 93
e .
.t 13] Re RE;: 42
| LB
H . :
' : . REC
P erol 14 | Ro [RE 40
39.4° A D Z A
3.2 77 : 20 7" Continued
Continued +3, x5 Numbers refer to 15 4 s (o) STRAIN AT FALURE
Sensmvny )




OFFICE REPORT ON SOIL EXPLORATION

Witngtry
®:

Trangpanaton
Ortang

RECORD OF BOREHOLE No 2-4A Cont'd METRIC

" 120-87-05 LOCATION Co-ords, N 5 022 604.9; E 358 497.6 ORIGINATED BY RO
DIsT 9 MW Y 417 BOREHOLE TYPE  H-S Auger, BW Caszing, BXL Rock Core COMPILED BY **_#_S{'iww
DATUM Geodetic DATE 88 07 29 ro 31 CHECKED By !
N TRAY
SOIL PROFILE SAMPLES | & 1 Y |DYNAWIC CONE PENETRATION s =
Lo | 2 A wowre ave| - T REMARKS
- - |20 & 20 a0 60 80 g UM cowten umir g5 O A
Ofe v B et A OO W  w w, | 5&

ELEV T8 w | 2|98 | 5 [SHEAR STRENGTH kPo S — 2 1 GRAIN $iz¢
BEFTH] DESCRIPTION o % > g C:D’g = o unconsines + FIELD VANE WaTER conTent o] Y D!STR!?UTION
' gz 5 | &Y [ D e QUCK TRIAKIAL X LAB VANE d (%]

. bt - -
9.4 ‘/ Qqnt|nueg ey B i \ GR 5A 51 CL
30.2) F¥ - ¥ !
5, 15 BXI, | REC
Y RC | 9%
P 38
» ) N
~'u 1
Heterogeneous 7
Mixture of Sand ‘O 36
Gravel and L
Boulders 'Q
(Glacial Till) e'e
o . 34
Very Dense ‘3
9.0, IBXL |REC
il 28] R [30%
3 2
J 7 RE [REC 473
& B
30.6 . 18| RC |REC | 30%
39.0 End of Borehole

3

-+

[

x5 ;. Numbers refer to
Sensibivity

20

10

1545 {%) STRAIN AT FAILURE




OFFICE REPORT ON SOIL EXPLORATION

Mitngitry

of

Transportabon
Oritarsy

RECORD OF BOREHOLE No 2-48B METRIC
w P 120-87-05 LOCATION Co-ords. N 5 022 613.1; E 358 499.8 ORIGINATED BY _ MBS
DIST 9 HWY 417 BOREMOLE TYPE W' Casing, 'B’ Casing, BXL Rock Core COMPILED BY RO
DATUM Geoderic DATE 88 08 05 to 12 CHECKED BY .. :
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ;:‘:,g g RESISTANCE P17 s N L CEMARKS
¥ L TR - L —_
4 - w36 2 20 40 60 sy pp NN contawr T 2 5
Cla 21221 2 N IS oY Wp W w | 5¢
ELEV DESCRIPHON B181 ¢ 2 /251 O [SHEAR STRENGTH P U — 2 | GRAIN 512E
! | > o = DISTRIBUTION
DEPTH (o O B o Q| & |° UNCONEINED + FIELD VANE y
21z Y %U & |®ouck TRiaxiai  x Lap vane |WATER CONTENT (%) (%)
66.9 Ground Surface v N i . GR SA 51 CL
0.0 !
| . |
|
ey
]
Augered to
229 m <+
-3
.
#4 #
all AA
r v
52
50
48
46
} ;
44.0 ' |
22.9 ) BRL iREC b |
B AR ;
.éb Z188 10040 ¢m J
- EXLTRET 42 §
W 3IRC 1237 |
"1 oo imRL [REC 40
Heterogeneous © oL JRC.119%
Mixture of Sand -
s .
Gravel and A |
Boulders Q" 8 I
(Glacial Tiil) o
f Very Dense -
| Sbﬁ 36
i O
=
| 5 BXL |REC 34 !
4 T RC118% !
| % 6 [S§ 60415 om
i Cd . iexu [REC
! S0 TiRe [3su 32
31,0} o, ¥
35.9 End of Borehole

+3, x% . Numbers refer 1o
Sensmwl’y

1¢]

20
15 %5 {%) STRAIN AT FAILURE




e

OFFICE REPORT ON SOIl EXPLORATION

Mirnsfry

at

T rarsporution
Ortario

RECORD OF BOREHOLE No 2-5 METRIC
WP 120-87-05 LOCATION Co-ords. N 5 022 636.0; E 358 517.7 ORIGINATED By RO
DIST 9 MWy  @l7 BOREMOLE Type HS Auger, 'B' Casing - BXL Rock Core & Cone Test COMPILED BY RO
DATUM Geodetic bate 88 07 2% to 28 CHECKED BY -
v DYNAMIC CONE PENETRATION
30l PROFILE SAMPLES | &, | 3 [ResisTANCE FLOT marric NATURAL z
Y o S LASTIC  mogryRe LIGUID | REMARKS
‘ = 35| & 20 40 60 80 qop UM CoNTERT w5 O
3 9 e m _ > i i | 1 1y Wp W WL DU_J & "
ELEV | DESCRIPTION Tigl @ 21251 & [SHEAR STRENGTH kPo O AP— 2 | GRAIN si2E
BERTH PTIO 1312 2|38 % |ounconemed v e vane Ter ConTENT gl ¥ |PETRIBUTION
g Z > %U § ® QUICK TRIAXIAL  x 1AB vang | WA CONTENT {%) (%)
66.0 Ground Surface 2 : & 20 40 60 80 100 20 &40 60 GR 5A SI <L
0.0 £
Silty Clay /
Trace of Sand 1. 88 | 12 [ C—; 0 55342
Stiff
53.9 2{ TW | PH 64 [ e—yle] 0 10 54 36
51 3% X + )33
A k3
Clayey Silt to IR o | xly ot 115 45 39
5ilt with LA ¢ 316
Interbedded Layers /f -
of $ilty Sand %] TW | PH N 0 22 61 17
Soft to Sriff | A
51 5% 1
60
A |6 ss |z ml oo 0 29 25 46
58.7 A
7.3 -
g 77 88 | 24 i
o 58 \
« | 8] 88 [ 25
56)
5T 88715z ° 2 80 {18)
8ilty Sand >
54 /
to Sand 10 85 [ 42 i
Trace of Gravel . \
Occasional Cobbles . 52 ~>
Compact to b«"’\...
Very Dense 1] 86 T 8¢
5
|
:
. 48k }
12] 88 | 34 o 1077 (13
45.7 ey 46
20.3 v ol 13TRC REC 171%
a
TA
> ITETEEIIO
1'3 4
{ Heterogeneous e RC | REC
_‘ .13
i . 147
i Mixture of Sand 2 161 e |REC |89
22 A
- 42
gl Gravel and Q 17 88 “50
, Boulders emt
o [EREREE) 8%
{ (Glacial Till) | 4
Very Denss Aa o T Re ke 8%
s+, 120] 85 | 89
! ‘v 3
| w | 27 BXL | REC 4
: . RC {324
Q1 ,, Bx [rec
5.8 , fi "1; RC | 78% 34 ’4
30.2 Y Conti inved
ntinved 20 Continue
+3, %% ;\mﬁm;e‘e' 1545 (%) STRAIN AT FAILURE
10




OFFICE REPORT ON 501 EXPLORATION

Mirustry

ol

Trarsportaton
O

RECORD OF BOREHOLE No 2-5 Cont'd METRIC
W P 120-87-05 LOCATION Co-orde. N 5 022 636.0; E 358 517.7 ORIGINATED BY __ RO
DIST .8 Hwy 417 BOREMOLE TYPE _Hollow Stem Auger 'B' Casing - BXL Kock Core COMPILED 8y __ RO
DATUM Geoderic DATE B8 07 25 o 28 CHECKED BY _
: o CONE PENETRATION
SOIL PROFILE SAMPLES | & W | Dymamic & NaTAC b
: G| § TN T R e S el CE | crmancs
: - w | 20 v 20 40 60 BD 160 L5 &
! Ol i - = A i H L I Wy W Wy ::3
ELEV | o iy w3 gz%; & |SHEAR STRENGTH ko SR G %rerém SIZE
! DESCRIPTION o> 213 “ DISTRIBUTION
DﬁpmI 212 - | >80 € O UNCONFINED + FIELD VANE WATER CONTENT (%) ¥ o
| : &2 5 gu @ |® QUICK TRIAXIAL  x L4B VANE
5 8 14] Continved [y £ oo} GR 54 St (L
5.5 J¥ (Glacial Ti1l) LS al 271 RC IREC 1787
0""_5‘ VPT\rdDﬁnqa 531 RC [REC | 94%
i Bedrock 26 RE TREC | 1007 !
341 ! 5ilty Dolostone TerNTTEEE 1007 i
31.9 End of Borehole !
f
| |
|
E.
|
|
| |
b J
i
i
!
; |
. |
| i
20
+3, x5, Numbers refer o 15 45 (%) STRAIN AT FAILURE

Senslhvﬂy 10

£ I
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OFFICE REPORT ON SOiL EXPLORATION

Mirtry

at

Transponanon
Onar

RECORD OF BOREHOLE No 2-6 METRIC
WP 120-8705 LOCATION Corords. N 5 022 548.1: E 358 453.7 ORIGINATED BY RO
Dist 3wy 417 BOREHOLE Typg _Solid Stem Auger COMPILED By RO
DATUM Geodetic DATE 88 08B 02 & 88 10 25 ' CHECKED BY _
H ! CONE PENETRATION
SOIL PROFILE sampLes | & W jorhamc -
’ §§ z RESISTANCE  PLOT R pastie :’2,*,‘;,'3;5 vevs | - X REMARKS
l b w | 2Q | @ 20 40 60 B0 100 CONTEN Z= 3
i Qe w el L . L : 4 Wps W W, | o
ELEV | FlE] w2125 & [SHEAR STRENGTH «Po e Qo 3 | GRAIN 5iZE
S DESCRIPTION S E1E S 13281 5 [0 unconmmen  + rituo vane sren content (| ¥ |PSTRIBUTION
£z 5 | &Y | & |eauck rraxaL o« s vane |W ¢ (%) {%)
67.4 | Ground Surface = | B ? @ 20 40 60 B0 100 GR SA 51 CL
0.0 sand with Silty Clay FroX
Trace Gravel A
66,2 Loose (Fill) x5 11 8§ 7 o
1.2 Silty Clay
Trace of Sand ::;: LANEE il 1
65.0 Sriff +
2.4 LA ";" ]
Clayey Silt PRI N 4
to 5ilr
With Interbedded [l 4] TW | PM r
Layers of 4 e
Silty Sand € *
ilry San /} ")
62
Stiff i A5 Tt P *9
4 -
AT 6T PH +6
59.8 4 60 A
e {71851 9
Silty Sand - 58}
to Sand
Trace of Gravel -:.
Occasional Cobbles
Loose 56
54
i
52.8 -
14,6 End of Borehole Lar|
Probable Bedrosk
|
i
\'
{
|
|

20
+3, %5 Numbers refer to s ' 1oy srRag AT FAILURE
Sensitivity 10
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GFFICE REPORT ON SOIL EXPLORATION

My
of
@ Transportation
Ontanic
RECORD OF BOREMOLE No 2-7 METRIC
WP 120-87-05 LOCATION Co-ords, N 5 022 $28.1; FE 3158 526.1 CRIGINATED BY ......MRO B
DIST S mwy 417 BOREHOLE Typg Hollow Stem Auger compien sy RO
DATUM Geodetic DATE 88 10 25 CHECKED BY Wa .
o w DYNAMIC CONE PENETRATION
SO PROFILE SAMPLES Sy | g |RESISTANCE PLOT st N % REMARKS
g2 o UMIT  rohrENT LT ] St
o w | 20 v 0 40 60 80 100 zz 3
9 & g a = - i A 4 i WD W W& o g
ELEV DESCRIPTION *>lw | W 3128 O |SHEAR STRENGTH kPy PO D%Rr?z']rgu?éi
g o= =} b i
DEPTH [ BT A - &) g | © UNCONFINED + FIELD VANE o ¥ ;
gz > gu CE |eoauick TRiaxiAL  x 1A vang | WATER CONTENT (%) 1% ]
66,1 Ground Surface @ ¥ w 0 40 60 80 100 GR SA St €L
0. [13 =
§ilty Clay ? AECRET
Trace of Sand *
Very Stiff 21 TW | PH |
63.8 /] 64 +
7.3 ] 31 TW | PR 46
Clayey Silt to Silt I bt .,_g,, 6
With Interbedded A1 *
Layers of AT T TP 62 P
5ilty Sand 1 +
Firm to Very Stiff L6 IW | PM 3
/
9.7 / 811ty Sand to Sand _\.u'dﬁ.‘ 7. TW | oW 60 s
6.4 Trace of Gravel .
58,8 Compact 4] 85 1 22
7.3 End of Borehole
Note:
0.W, # Oun Weight
I |
| !
|
; !
| |
; : i
; i |
{
. |
5 ¢ 20
+3, %% Nombers refer to s 0 ) srpaly AT FAILURE

Sensitivity

10



OFFICE REPORT ON SOIL EXPLORATION

MHSTY
@ "

Transperation
Ortriey

w R 120-87-05

LOCATION

RECORD OF BOREHOLE No 2-8

Co-ords, N 5 022 642.4; E 358 524.8

METRIC

ORIGINATED BY _ RO

DIST . 2 rwy 417 BOREMOLE Typg Hollow Stem Auger COMPILED By RO
DATUM Geodetic DATE 88 10 25 CHECKED BY :
w  {DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES a:-‘w s RESISTANCE PLOT NATURAL ot
= “ PLASTIC goigrume UOUR ] o I REMARKS
! [ qo g Lt TONTENT LT SR
i » | 20 20 40 &0 80 100 s 3
9 a e —- = 4 ) L i I Wp w W, D;
ELEV Tla| w | 2125] & |sHEAR STRENGTH «Pa U GRAIN 312E
SeeTh DESCRIPTION G ELZ S 1321 5 [ounconeme v riew vane aTeR content ()| ¥ [PETRIBUTION
glz 5 &Y | D |eauck rraxal x e vane |W (% {%)
66.1 Ground Surface N - ud 20 40 60 80 100 , GR 5A 51 (L
0. Silty Clay / 66 i
Trace of Sand / i i T | PH
Very Stiff
/ 2 W | PH
63.8 64 +
2.3 3 T PH
- +
Clayey Silt to Sile % 1 TR TP i
With Interbedded 62 | 11
Layers of Silty Sand s | Tw | pu .
Firm to ] s
: & TW PH
Very Stiff kz
7 | IW | PM 80
.
% PM
58,5 /Silty Sand to Sand i 48 | TV
7.6 Trace of Gravel e +2
57,9 Coupact ratl® 185 1 10 38
8.2 End of Borehole

+3, x5 . Numbers refer to

1o]
15 <5 {%) STRAIN AT FAILURE
Sensitivity fg (%)




o . . - co N . - : . R L - . - -
~ N . '7 - - -
s SAND wiTH 2-6 %éAST 0o, 1-2 ) ' o i I a ¢ o DIMENSIONS ARE 1M METRES WP No 120-87-05
o + ’» QUTH : 4 & o ) & = o~ AND/OR MILLIMETRES UNIESS
ES LIY CLAY CAMP SILTY CLAY . . < 2 ) s 3 3 OTHERWISE SHOWN, SIATIONS
. o 70 i WvEL - TRACE OF SANn 70 : . ¥, A ) ] . / & ’I:, IN KILOMETRES + METRES. E-5 RAMP OVER HWY 417 SHEET
T H] 68 e i S St g o U ZeRES RO S ol ' : : [STRUCTURE -2] /
* v - . % . 17 i
e z A 'X\se O e, % N & 410 . -Hw\f 4 BORE HOLE tOCATIONS & SOIL STRATA
) g o 4 ¥ % VX777 %8 ' ' 157210, HWY 417 £BL -
e s& A XA L a4 L 4 ; 4
< CLAYEY Sig.'f Soft 1o 4 /'/AL i A A Y - i
g o2 £t SIL V. Sh 1 A 82
2 (e IRTERREDDED 1% f
: SRR A
g 80 =htubeadndn 4 Pl T e s a3 ) (2 R A 60 86-0
£ sg SILTY SAND <} Bt e e A e e 53 Yy
< TO SARND -1 ir < =g %
z 56 IRACE GRAVEL <} T: - ':7.7: | Rl N R 56 g g
c OCC COBBLES ] 1 -t Ao e & 2
g P loose fo-f .- -7 T LT 9o 54 ?"5‘3?’ >
g Very Dense | Jot - ey NSomd Y |
H 32 PRCBABLE ] it 52
£ . BEDROCK SANDSTONE BEDROCK 0
s A-A
3 . ®
ﬁ -
g ‘Q“Z-S *2“?
k3 - -
70 ) i EAST SULTY CLAY o4
TO SOUTH] TRACE OF SAND
58 RAMP Very Stff— .4 _ )
B/G-Jm CONE KEY PLAN
86 198, 50 N N 86 scare
" ZSHH 2 /1' ot _ ) _ G2m 01 O 01 0.Zkm
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