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FOUNDATION INVESTIGATION REPORT
for
Third Line Road Underpass
W.P. 371-89-03, District 9, Ottawa

Highway 416, ' Str. Site: 3-575

1.0  INTRODUCTION

Strata Engineering Corp. has been retained by M.M. Dillon Limited to carry out a foundation
investigation at a proposed underpass for Highway 416 at Third Line Rd. The terms of reference
were to investigate the site by means of sampled boreholes and dynamic cone penetration tests, and
to provide a full geotechnical report.

This report follows a preliminary letter report submitted on 1990 12 20,

2.0 SITE AND GEOLOGY

The site is located in Rideau Township approximately 40 km south of Ottawa along Highway 16, as
shown in the Key Plan in Drawing 3718903-A. At present, Third Line Road intersects Highway 16
at an 80° skew at grade.

The topography of the area to the east, south and west of the site is predominantly flat, There are
low hills to the north of the site.

Physiographically the area lies within the North Gower Drumlin Field, with the drumlins oriented
approximately north-south. This area has been inundated by the Champlain Sea. The drumlins are
draped by marine soils consisting of Leda clays.

Bedrock in this area is magnesium limestone to dolostone of the Oxford Group of lower Ordovician
age.

3.0 FIELD AND LABORATORY WORK

The field work took place between 1990 10 11 and 22. Eight boreholes were drilled. Five boreholes
were located at the proposed pier and abutments. Two boreholes were drilled for the approach
ramps of Third Line Road. An additional borehole was drilled between the proposed south east
abutment and the centre pier in order to verify the subsurface stratigraphy. The borehole locations
are shown on Drawing 3718903-A.

The borehole locations for the structure were staked by M.M. Dillon personnel who also supplied



the ground elevations which are referenced to Geodetic datum.

Drilling was done by means of two bombardier mounted drill rigs. Hollow stem augers were used
to advance Boreholes 1 to 4, 7 and 8. Boreholes 5 and 6 were advanced by means of wash boring
techniques using N sized casing.

The boreholes were sampled at 0.75 m depth intervals within the upper 6 m and at 1.5 m intervals
below this depth. Sampling was done by means of the Standard Penetration Test and the N values
noted. Incohesive strata, relatively undisturbed samples were obtained by manually or hydraulically
pushing thin walled Shelby Tubes. In situ MTO vane tests were carried out to measure the
undrained shear strength of the cohesive strata. Remoulded strengths were also measured to assess
the sensitivity of the soil.

Six boreholes were accompanied by dynamic cone penetration tests.
Bedrock was cored in three boreholes.

After the last sample was taken in each borehole the groundwater level was measured. Perforated
standpipes with bentonite seals were installed in Boreholes 2, 4, 5 and 6. The water levels in the
instrumented holes were monitored over a period of time. All boreholes were backfilled with native
soil cuttings. The site was restored to its original condition.

Recovered soil samples were transported to our Don Mills Laboratory were they were visually
examined and classified. Tests for index properties such as moisture contents, Atterberg Limits and
grain size distribution were conducted on representative samples. Unconfined compression tests
were conducted on selected thin walled tube samples. One consolidation test was also performed.
The field and laboratory results are shown on the Record of Boreholes and Figures 1 to 5 in the
Appendix.

4.0 SUBSURFACE CONDITIONS
4.1 General

The soil conditions are variable across the site. To the south east of the existing Highway 16, a
surficial deposit of sandy silt overlies an extensive deposit of clayey silt to silty clay above a sand and
gravel glacial till. To the north west of Highway 16 there is a silty sand glacial till above the sand
and gravel till. The sand and gravel glacial till overlies limestone bedrock.

4.2 Sandy Silt

A brown sandy silt deposit, is present at the south east approach and abutment areas (in Boreholes
1, 2, 3 and 8 only), from the surface to depths ranging from 1.4 m to 2.1 m. The moisture content
of this soil is approximately 30 per cent. Two grain size analyses, shown on Figure 1, indicate the
stratum consists of fine sand and silt. The soil is non-cohesive. N values of 4 to 8 blows/0.3 m
indicate the stratum to be very loose to loose.



4.3 Silty Sand to Sandy Silt (Glacial Till)

To the north west of Highway 16 there is a deposit of silty sand to sandy silt (glacial till) from
ground surface down. The thickness of this deposit diminishes from north west to south east. It was
6.7 m thick in Borehole 6 near the north west abutment and 5.2 m in Borehole 4 near the centre
pier. There are numerous cobbles and boulders within this deposit.

The moisture content ranged from 10 to 22 per cent, being higher below the groundwater table. The
results of grain size analyses are shown in envelope form on Figure 2A. For silty zones within this
deposit, the grain size curves are shown on Figure 2B. This glacial till is a heterogenous mixture of
sandy silt to silty sand with some gravel with occasional sandy and silty zones.

N values in this deposit ranged from 13 to in excess of 100 blows/0.3 m with average values being
about 35 blows/0.3 m. The deposit is therefore compact to very dense.

4.4 Clayey Silt to Silty Clay

Below the sandy silt to the south east part of this site there is a clayey silt to silty clay stratum whose
thickness ranges from 8.5 m (Borehole 1) to 5.1 m (Borehole 8). Due to the decreasing thickness
of this deposit it can be surmised that it terminates below the existing highway.

The moisture content of this deposit ranged from 25 to 79 per cent. The lower moisture contents
were obtained in a desiccated crust which is approximately 3 m thick. Immediately below the crust
the moisture contents are the highest and generally decrease with depth. Atterberg limit tests
(Figure 3) indicate low to medium plasticity for this soil. The moisture contents are generally higher
than the liquid limit indicating a liquidity index in excess of unity.

Field vane tests gave undrained shear strength values ranging from 20 kPa to 90 kPa. The higher
values were obtained within the desiccated crust, generally above elev. 84 m. Unconfined
compression tests gave values of 16 kPa to 38 kPa. The sensitivity of the soil ranged from 4 to 10
with most values between 6 and 8. The undrained shear strength values below the desiccated crust
generally increase with depth, with a ¢,/p, ratio of about 0.28.

A consolidation test (Figure 4) indicates a preconsolidation pressure, p, of between 120 kPa and 150
kPa. The compression index C_ was 1.3.

4.5 Sand and Gravel some to trace Silt (Glacial Till)

Below the silty sand to sandy silt (glacial till) to the north west of the existing highway and below
the silty clay to clayey silt on the south east side of the highway there is a deposit of poorly sorted
sand and gravel with some to trace silt (glacial till). This deposit has randomly occurring cobbles
and boulders. Its thickness ranges from 1.7 m to 6.7 m.

The moisture content of this material ranged from 5 to 18 per cent with an average value of 12 per
cent. Grain size curves (shown on Figures 5A and 5B) indicate a heterogenous mix of sand gravel
and silt sizes with silt content ranging between 5 and 23 per cent.
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N values ranged from 42 to in excess of 100 blows/0.3 m indicating the deposit to be dense to very
dense. '
4.6 Limestone Bedrock

Limestone bedrock was cored in Boreholes 2, 4 and 5. The bedrock elevation ranges from 79.5 m
to 77.3 m sloping downwards from north west to south east.

The limestone is thinly bedded and fractured in the top 3 m. Core recoveries were 68 per cent.
RQD values ranged from 0 to 48 per cent. Below the upper 3 m the bedrock was of better quality
with 100 per cent recoveries and RQD values of 100 per cent.

5.0 GROUNDWATER CONDITIONS

Groundwater level observations are shown below:

Borehole W.L. Elev.(m) Depth (m) Date

1 88.7 0.4 1990/10/18
2 88.8 0.4 1990710726
3 88.4 0.4 1990/10/18
4 88.2 _ 1.5 1990710726
5 89.1 3.7 1990710/26
6 88.7 3.7 1991/10/22
7 Dry upon completion

8 88.7 0.6 1990/10/22

Borehole 7 which was dry was terminated at elevation 89.4 m



6.0 DISCUSSION AND RECOMMENDATIONS
6.1 General

It is proposed to construct southbound lanes west of the existing Highway 16 which will be upgraded
to 4 lane freeway standards between Highway 401 and Ottawa. This will involve the construction
of an underpass structure to carry Third Line Road over the new highway. The maximum height
of the proposed approach fills is 9 m.

This investigation indicates the presence of marine clays of varying thickness on the south east side
of existing Highway 16 and poorly sorted till on the north west side which also underlies the marine
clay on the south east side. The limestone bedrock is heavily fractured in the upper 3 m.
Groundwater was found within 0.5 m of ground surface.

The presence of a variable thickness of relatively weak silty clay to clayey silt deposit at a shallow

depth below ground surface in the south east part of this site requires that steps be taken to ensure
the overall stability of the south east approach embankment.

6.2 Structure Foundations

6.2.1 Spread Footings

Due to the subsurface conditions encountered, it is not possible to support the entire proposed
structure on similar spread footings. The soil conditions at the north west abutment and centre pier
are suitable for this option; however the compressible silty clay to clayey silt at the south east

abutment precludes the use of spread footings at the south east abutment.

Spread footings of 3 m width at the north west abutment and centre pier may be designed for the
following capacities.

Factored capacity at ULS 1050 kPa
Capacity at SLS Type 11 400 kPa

A minimum earth cover of 1.8 m to the base of the footings should be provided for protection
against frost action.

The capacity for steel H piles at the south east abutment are given in Subsection 6.2.2 below.

6.22 Deep Foundations

If a mixture of footing types is not desirable then the structure can be supported entirely on a deep
foundation consisting of steel H piles.

Steel H piles (eg HP 310 x 110) may be designed for the following factored load capacities:
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N.W. ABUTMENT & PIER S.E. ABUTMENT ONLY
ULS 1650 kN ULS 1200 kN
SLS Type II 1100 kN - SLSType I 900 kN

HP 310 x 79 may be designed for the following factored load capacities:

N.W. ABUTMENT & PIER S.E. ABUTMENT ONLY
ULS 1150 kN ULS 900 kN
SLS Type I 750 kN SLS Type I 675 kN

These capacities account for loads due to negative skin friction arising from settlement of the
approach fills at the south east abutment. Such piles, driven with an energy of no less than 50 kJ
will develop the required capacities at the following minimum toe elevations:

Location Elevation On Bedrock
North side of North West Abutment 795 m Yes
South side of North West Abutment 80.5m No

Centre Pier 784 m Yes
North side of South East Abutment 77.5m Yes
South side of South East Abutment 713 m Yes

Due to the random presence of cobbles and boulders within the glacial till deposits it is
recommended that the pile toes be reinforced.

For piles not driven to bedrock the Hiley Formula should be used as the set criteria.

Wing walls of the south east abutment should also be supported on end bearing piles unless they can
be adequately cantilevered.

6.3 Earth Pressures

Earth pressures may be computed as per subsection 6-6.1.2.2 of the OHBD code. A yielding
foundation condition ie. the active case may be assumed. The Granular A or B backfill should be
in accordance with MTO Special Provision No. 109F03 (latest revision). The following parameters
are recommended for the granular backfill:

Granular A Granular B
Angle of Internal Friction, ¢ 35.0° 30.0°
Unit Weight (kN/m?), + 22.8° 21.2°

Surcharge effects if any should be computed as per clause 6-6.1.2.4 of the OHBD Code.



6.4 Approach Embankments
6.4.1 Stability Considerations

Slope stability analyses have been carried out using Bishop’s simplified circular arc analyses (method
of slices), with seismic force (earthquake) allowance of 0.1 g horizontal force component at bedrock
level, to determine the stability of the proposed approach fills. Parameters used in the analyses are
shown on Figure 6. The results which are applicable in both the transverse and longitudinal
directions are discussed below:

(a)  The maximum height of conventional fill without a stabilizing berm and with 2:1 side slopes
is 7.8 m.

(b)  For a factor of safety of 1.3, fills in excess of 7.8 m will require mid-height berms (as per
Figure 6). For example a fill 8.5 m high will require a 5 m wide berm in both the transverse
and longitudinal directions.

(©) As the embankment height decreases, the berms should be tapered toward the embankment
so that they disappear at embankment heights where they are no longer required.

Design options are either to extend the structure in order to limit the height of fill at the abutment
locations, or to consider using lightweight fills which may reduce berm widths or eliminate the need
for mid-height berms.

The criteria for lightweight fill are:

1. It should allow the fill to be built to design heights without collapse or excessive compression
under self weight and imposed loading.

2. It should result in stresses at the original ground level below those for which a berm is not
required, ie. the weight should be equivalent to no more than 7.8 m of conventional fill.

3. It should be easily available, constructible and economic.

Voided Embankment

Corrugated steel pipe culverts placed across the full width could be used to create a voided
embankment.

Slag

Blast furnace slag has a unit weight of 15 kN/m®. At fill heights proposed, the embankment could
be constructed to full height with a factor of safety of 1.3, without the need for mid-height berms.



Styrofoam

Styrofoam has a unit weight of 5 kN/m?, and may be cost competitive with slag. For the proposed
grade of Third Line Road it would be necessary to extend the styrofoam to a distance of some 100
m south east of the abutment before the fill height is less than 7.8 m.

A combination of styrofoam at the abutment and conventional fill in the rest of the embankment
could also be used. The use of such a combination of fills would eliminate the need for a berm in
the longitudinal direction. It would also reduce the volume of lightweight fill needed. In
determining the geometry of this combination, the limiting factor is that the berm should extend as
close as possible to the south east abutment without encroaching on the NBL of Highway 416. The
berm should also taper gradually from zero to full width.

The styrofoam placed at a minimum core height of 2 m should start from the abutment and extend
full height to the point at which the berm is full width. From that point it could be tapered off with
a gradient of 1:1 or flatter. It would need to be placed practically full width within a 1:1 sloping line
from the edge of fill, in the transverse direction. The styrofoam should be covered with a 6-mil
polyethylene sheet to protect it from gasoline spills. An adequate cover of earthfill should be placed
to hold the styrofoam in place, as well as to provide protection against premature collapse of the
foam under equipment construction traffic loading.

No stability problems are anticipated for the north west approach embankment fill.

6.4.2 Settlement Considerations

The loose surficial sandy silt stratum under the south east approach will undergo immediate elastic
settlement due to the imposed embankment loading,

For the silty clay stratum, stress distributions were computed using Osterberg charts for the various
height and berm configurations. Results of settlement analyses are shown on Figures 7A and 7B.

Figure 7A shows an estimate of settlements to be expected under fill heights using normal 20 kN/m®
fill material. Figure 7B shows the expected time rate of settlement. These two curves may be used
to estimate the settlement magnitude and time rate expected for any given combination of fill heights
and berm widths for stable embankments (selected from Figure 6).

Settlement of the lightweight fill will depend on the relative weight of the embankment compared
to that of conventional fill. If a combination of fills is used, the differential settlement between the
lightweight fill and the conventional fill is expected to be in the order of 70 mm during the service
life of the embankment.

Preloading the approaches by advance construction of the embankments may be used to reduce the
in-service settlement of the embankment to 300 mm. The time required for preloading will be
dependent on the time rate of settlement, as given in Figure 7B.



6.5  Construction Considerations

Due to the high water table, dewatering may be needed for construction of pile caps. On the south
east side of existing Highway 16, seepage into excavations made in the sandy silt and silty clay is
expected to be minimal, and may be handled by pumping from sumps. Excavations within the
desiccated crust may experience moderate seepage of groundwater though fissures in the deposit.
On the north west side of Highway 16, seepage into the excavations made in the silty sand to sandy
silt glacial deposit may be adequately handled by pumping from a sump.

70  CLOSURE

Field work for this investigation was supervised by A. C. Abel. Drilling equipment was rented from

Marathon and F. E. Johnston Drilling companies, Ottawa.
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EXPLANATION OF TERMS USED IN REPORT
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11
1
e — — iy — = +l'
A 85.0
2 \ .
Soft to Firm 5] W) ™ \
84,0
A
8 4
A
e T | o 83,0 > o 15.6
// 8
+
Grey 82.0
11
710 MM [}
B1.0
) 5
/
579_!
79.8 % 80.0
S18 ) ss] 9 -4 Z \.“- o
9.4 Sand and Gravel ¢. IR nae® [
trace to some Silt [* |9 ["SSTHAT ¢h o 12 78 (10)
(Glacial TilL) |, , 79.0
¥
Very Dense v
Grey a 78.0
B -
7| Limestone Bedrock Qm BX fhee | 2 {77.0
& e lea7 IROD = 36%
Fractured o
Qz 76,0
=
Q 11 | BX [Rec
N RC 812 RGD = 137
Q 75,0
(<2412 | BX [Rec
7,3 772 |re ooz RQD = 16%
v £ 40 ) i 03 2d g1 B L2
+3, x5 ; Numbers refer to

Sensitivity

20
15 45 (%) STRAIN AT FAILURE
10
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OFFiCE REPORT OMN SOIL EXPLORATION

Ontario
RECORD OF BOREHOLE No3 METRIC
w P __371-89-03 wocation N 4,998,496 ; E 369,706 ORIGINATED BY A.A.
pist 9 Hwy, 416 BOREHOLE type Hollow Stem Auger, Dynamic Cone Penetration Test.  compued ay A.K.
SOIL PROFILE SAMPLES a w [DYNAMIC CONE PENETRATION
§2 g RESISTANCE  #LOT pasric VAWML o ...E REMARKS
b " 30 brd 20 40 50 80 100 LMy CONTENT LMY -z-g
Q o w DE i 1 1 i 1 Wp W w, | Sw &
ELEV DESCRIPTION “lo| Wi 21208 S SHEAR STRENGTH kPa (SN ‘ - GRAIN SIZE
DEPTH £ 13| 5| 3|28 & [ovwconemeo v rmovanel o |y [DISTRIBUTION
.% z 5 | &Y & | ouck rraxar  x an vang |WA ONTENT (%) (%}
88.8 Ground Surfxgge » w 20 40 6 8D 100 20 A0 60 kg/m’ GR 5A 5) CL
0.0 RER
Sandv  Silt . -X. W.L. on
4 14 8 1990 10 18
88.0
Vary Loose HIENEERR) o
Browr : J
87‘1 2. 88 12 87.0 )
L7 Clayey Silt to
/,/
. 1 by
Silty Clay PEEREE ]
% 86.0
11
o | m | e
/r Hrsd Y
4
Fiem ) 85,0 ot
(A
Consol, test
)5 | W] ™ 84,0 2t 15.2 | Figure 4
$
Grey 83.0 4
]
6 1w ™ o : o 15.6
Be
82.0
// #
11
)/
% A rBEVER: 81.0 £
.6 1
821 End of Sampled M~
Rorehole 4 \
Probable Clayey Silt | L{1 80.0
9.6 to Silty Clay / L
92| probable Sand and | N
Gravel (Glacial Til1) |.,. 7.0
78,8 o r ) M
10.0 | tnd of Borehole

20
W3, %5 ';'w"#f"} rofer 10 14 s (%) STRAIN AT FAILURE
ansthivity 10



OFFICE REPORT ON S5O EXPLORAYTION

s
prvs-ro Transpontticn
RECORD OF BOREHOLE Nod METRIC
wp 371-89-03 Location N 4,998,546 ; E 369,660 ORIGINATED BY AJA,
oISt 9 HWY _416 BOREWOLE TYPE Yollow Stem Auger; Dynamic Cone Penetration Test — COMPILED BY AKX,
bATUM __Geodetic pare 1990 10 16 CHECKED By C:M.
PROF AMP pu w JDYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ﬁ‘é’ 3 [RESISTANCE PLOT pasnic NATURAL ;..E REMARKS
e $51 4 20 4p 0 80 100 |UWT comren umir| SO
Ole B155] 2 T vy wp W w5y &
ELEV ESCRIBTIO aif| w| 2198 § [SHEAR STRENGTH kPu A . 2 | oramn Size
DEPTH DESCRIPTION LR 8% 'g O UNCONFINED ¢ FIELD VANE | oo o oM TENT (% y  [DISTRIBUTION
|z 5 | B9 ] & |euck manat  x e vane |W %) ()
89,7 ... Ground Surface o : “-' 20 40 60 80 100 gp 4 60 GR SA SI Cl
0.0 .
$ilty Sand . ZAZE \\
g | ° 40 4
(Glacial Till)
1 218513 U 88,0 W.L. on
Compact to Very Dense || L~ © 1990 10 26
Brown J13 183117 r 0
87.0
4 188116 q
1 86.0
J115 1 88 100 \ 0
Nl |
w Mm
trace Gravel el ss! 2 85.0 9 47 (44)
84,5
5.2 .
Sand and Gravel |7 7188 | 100 84.0 ]
trace to some Silt P :
{Clacial Till) .
ca 8158 42 0 13 66 (21)
N 83.0
Dense to Very Dense .
*c9fss |51 82.0 Y
Gre a
y o 81.0
‘4
?. 1101 88 {100/p5cm o
80.0
»
. Standpipe
L. Y
il ss mnsircm 79.0 o 19 69 (12)
78.4 V.
L3 Limestone Bedroek N 12 18X [Rec 78.0
Fractured = |RC | 767 ' ROD = 11%
77.5 V7>
12,21 End of Borehole

+3, x5 ; Numbers refer to
Sensitivity

20
15 405 [%) STRAIN AT FAILURE
10




OFFICE REPORYT ON SOH EXPLORATION

@ Mty Page 1
Temrigorition
RECORD OF BOREHOLE NoS$ METRIC
w p _371-89-03 LOCATION N 4 £ 369 ORIGINATED BY _A.A.
pIST .9 Hwy__ 416 BOREHOLE TYPE Wash Casing » Dynomic Conme Penetration Test  compites gy AJK.
DATUM ___Geodet i DATE 1990.10.17 CHECKED BY CaMao
DYNAMI
5OIL PROFILE SAMPLES | &, | 2 [RENeE Chlor g oM NATURAL -
“7 3 BASHIC  poprupe towe | L T REMARKS
. w361 & 20 40 60 8¢ oo |UWT cowtewr umr] SO
9 ﬁ Wi 0: 2 i I ) 1 1 Wp W w“ R &
ELEY DESCRIPTION 12| 8| 2|25 | © [SHEAR STRENGTH kP G 2 | craiN size
DEPTH el E1 2] 8186 § [ounconmnes  + piEw vane . y [DISTRIBUTION
g1z 5 |&U | & |eauck reaniar  x tas vane |WATER CONTENT (%) %)
92,8 | Ground Surface A ' o 20 40 60 80 100 20 40 80 GR SA S1 €L
0.0 -
Silty Sand 92:0 [t
ilty Sa qi1 | 88|04 o
to Sandy Silt . T
some Gravel \\
{Glacial Til1) ﬂ‘ 2 185150 91.0 o 18 49 (33)
Very Dense to Dense |{ 13 | BX Boulder]
4 |ss |40 9.0 °
B 415 1851 33 d
Town g y W. L. on
. = 189.0 1990 10 26
BHRERRD
7 |ss | a7 88.0 ¢
Gray ¢
8 |88 ] 44
87.0
MEIE R b
86.2 .
P 86.0
6.8 Sand and Gravel *
trace to some Silt <10} ¢s |99 0 87 (13)
(Glacial Till) .
2 85.0
2 "‘
b 1nlss|ss 8.0 o
o -
Very Dense L
M 83.0
o112y ss 112 °
Grey b 82.0
J‘ .
. o
o 131838 | 65 81.0
L . S NP RN [ S N
5 - ‘| Standpipe
Gravelly Zone - ]
s 1007} cm 8.0
] o
7.5 4.’ 34 44 (22)
13,3 ~3 .
Limestone Bedrock I
N G O1 827 79,0 IRAD = 0%
Fractured Q 161 BX Rec
”‘@ _{rc bz ROD = 182
77.8 17| Eﬁ%y 78.0 b= 4gm_|

15.0 Continued on page 2

+3, x5 ; Numbers refer to
Sensitivity

20
150-5 (%) STRAIN AT FAILURE
10



CFFICE REPORT ON S0OIL EXPLORATION

Tranwportaion Page 2
RECORD OF BOREHOLE NoS$ contd METRIC

we_371-89-08 LOCATION _ N 4,998,586 : E 369,634 ORIGINATED BY A4,

st 9 Hwy _416 BOREHOLE Type,  Wash Caging » Dynamie Cone Penetration Test  compieD By A.K.

DATUM _Geodetic DATE _..1990 10 17 CHECKED 8Y CuMo. .

ROFI o us | DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & o| ¥ |WStance pior nasric 298 o] % | eemanys

e w |58 & 20 40 60 B0 o ™' Commwr wwr g g
9 o wh QE > I i ) ) 1 Wp W W, = 3

ELEV SCRIPT mla|w| 2128 § [SHEAR STRENGTH kPa st % | crain s1ze

DEPTH DESCRIPTION w21 Z 1 2138 5 lounconmnes o miep vane ATER contenr | ¥ |PSTRIBUTION
?f_; z 5 | &Y | & | QUK TRIAXAL X LAB VANE W (%) {%}

77.8 [Cont., from pape 1 v “ i GR SA 51 CL

15.0

B\
Limestone Bedrock [oqi8 | BX | Rec o RQD = 100%
Excellent Quality '
\19 BX Rec
Sound Q re hooz RQD = 100%

[ 76.0

75.4 @

WAl End of Borehole

20
+%, x® ; Nombers refor to 10 %5 () srRaN AT FAILURE
Sensitiviry 10




OFFICE REFPORT ON SOIL EXPLORATION

e
P o Teanipoition
RECORD OF BOREHOLE Noé METRIC
WP 311-89-03 LOCATION . N.4,998,575 £ 160 676 ORIGINATED BY AA.
DSy 9 HWY___ 416 BOREHOLE TYPE Wash Casing COMPILED BY ALK,
patum _Geodetic pATE 1990 10 17 CHECKED oY CaMe
SOIL PROFULE SAMPLES || ¥ o (CONE PENETRATION wkTURAL =
2 b MASTIC  rysrgme vouw | o & REMARKS
e w | S61 @ 20 40 &0 8o oo MW7 contmnr mr ) 5O
9 Ex Wy ﬁE 1 i 1 f 1 Wp W A Suw &
BV pescmenon =8 g | 2|28 & [sHear sirencn we o | % | RN sIZE
DEFTH 5 EIZ ] 31858 % |ounconmned  + riEwD vane oyl ¥y |DISTRIBUTION
21z 3 gu o e ouick TriaxiAL  x 1ab vang |WATER CONTENT (%) (%)
92.4 | Ground Surface % ¢ i 20 40 60 GR SA §1 €L
0.0
1l 92.0
Silty Sand to Ry 2]
Sandy Silt T 41 |ss Ho0/46 °
 Some Gravel
(Glacial Till) 9.0
Glacial Ti J 2188 [138/8Ld o 21 52 (27}
v o
ery Dense C i 3.1t Boulde 90.0
14 iss [a7 o
s ss les
Brown : N 89.0 > W.L. on
T 1990 10 22
Fine Sand Zone |,|]|]6.188 |104420ckh ¢ 068 (32)
R 88.0
7 188 1100/k56n °
W |ss foosdzbh {87.0 ;
Silty Zone 11 91ss [100/25k9 lae.0 g 0 32 (68)
83.7 .
6.7 i
Sand and Gravel |\ -
trace to some Silt | * 85.0
(Glacial Ti11)  |,+ QLSS 1106/ 48¢n °
Very Dense - g 84.0
R
Lo
Grey <111 ]85 {116 fo3dm lg3.0 2
‘e
" 82.0
»hialss ha o
> )
i ol [81.0
2 : Sthndpipp
8.0 * 5 {ss fozzbsem ° 0.94 (6)
12,4 | End of Borehole

+3, x5 . Numbers refer to
Swensitivity

20
1545 (%) STRAIN AT FAILURE
10




QFFICE REPORY ON 5CIL EXPLORATION

@
Tranapnrition
RECORD OF BOREHMOLE No7 METRIC
w p _371-89-05 tocation _N 4,998,595 . E 369,619 ORIGINATED BY _A:A.
DIsT ... 9 HWY __ 416 BOREWOLE TYPE Hollow Stem Auger, Dynamic Cone Penerration.Test.... COMPILED BYAK. ...
pATUM .. Geodetic DATE 1990 10 17 CHECKED &Y CuMe
™ w o FOYNAMIC CONE PENETRATION
SO PROFILE SAMPLES Wyo | F |ResisTANCE PlOT nasric ;:‘gﬁ% tauw t-:% REMARKS
B w 9 Bg 2 20 40 60 80 100 W W w, %m &
ELEV DESCRIPTION & g8 2 g% O |SHEAR STRENGTH kPo ° > o%‘%%';‘;‘u?:éi.
DEPTH ol -0 I % lo uNCONRINED + FIELD VANE 8
12| " 3 gu S |y uick raxiat  x 1aB vane |WATER CONTENT (%) Y %)
92,7 |Ground Surface & £ @ 20 40 60 80 100 20 40 &0 GR SA 51 CL
0.0 ! * P |
Silty Sand ) MMW
with Gravel 92.0
(Glacial Ti11) 11 ]ss! 7 °
Very Dense {15 Lss oo 91,0 ] 24 47 {29)
rtss—tso A Sem o
Brown
90.0
89.4 41588 193/2Bcm e
3.3 | fnd of Borehole

4 Borehole Dry upon
Completion

+3, % ; Numbers refer to
Sensitivity

20
1543 %) STRAIN AT FAIRURE
10




EXPLORATION

OFFICE REPORT ON SOUI

RECORD OF BOREHOLE No8

METRIC

WP 371-89-03 LOCATION N 4,998,502 5 B 369,688 ORIGINATED BY A.A.
DIST ... 0 HwWY _416 BOREHOLE TYPE lloliow Stem Auger COMBILED 8Y A.K.
patum .. Geodetic pate 1990 10 22 cHeckep sy . CoMs
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES ﬁm 2 |resistance plov s Matome L
g% b o a0 0 o 100 LMY copfeng LMY "-vz:m REMARKS
6 o o = = 25 h bc ‘1 s Wp W W, ;,53 &
ELEV S @l w2195 & |SHEAR STRENGTH kPa AR 2 | cran 51zt
BErTa DESCRIPTION SELE | 1581 5 |ounconmme o o vane tex contentinil 7 DISTRIBUTION
;ﬁ_ -4 y | &Y G | Quick TRAXIAL X LAB VANE WA NTENT (%) (%)
89,3 ; Ground Surface id § w 20 4 60 BG 100 20 40 60 kg/m3 IGR 8A S| Cl
0.0 i 4 |®o
¥ NEE W.L. ¢n
Sandy $ilt . = 1990 10 22
Loosge ' .
BRE 88‘0
Grey ilss |8 0
87.1 L1
3.9 Pg 87.0
Clayey 8ilt Ly
to 8ilty Clay 4
. M2]s8]6 86.0 el O
5
3l ss 1 b
s 85.0
Firm "
14 4 85 1 O
{ 84.0 e
'l - “.I
e
'
1A
Gray A S gg ! 3 83.0 o)
%
14
*‘3
83'2 : 82.0
* Sand and vael( 1) .,
tr, to some Sile(T .
a1 11 V. Dense Cray «of 61 55| 100125 om ° 0 96 (4)
8.0] End of Borehole

+3, x7 ; Numbers refer 1o
Sansitivity

20
15 45 {"%) STRAIN AT FAILURE
10




d zicy: ~ - o - " " ol s L e R ks ha e G e - ” > )

7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SIY Fine l Medium l Coorse Fine l Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE OESIGNATION ({ Metric)
! 2 3 43 10 20 30 4030 5. B0sm I00um 600um Liom  2.38mm . 9S5mm 190 mm 37.50m  £3.0 min
100 T s3um | 106um 2500m  425um 50 um 2.00 me 4.75mm .2em | 20sem | 530md 720mm
" E
4
90 '/ 0
y
80 / 20
70 // _ 30
di

o €0 7 400
2 s
:" . e
g / 5

50 50
z LEGEND s
& BH  |SAMPLE SYMBOL &
n 40 €0

10 3 I\ 10

20 ﬂ [-1¢]
10 50

o : 100

' 2 3 a8 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 a W' e W e o gl g

MINISTRY SIEVE DESIGNATION (Imperiol)

o tation GRAIN SIZE DISTRIBUTION FIG No 1
Sandy Silt W P 371-89-03

Thirdline Rd. Underpass

Ontario




7812 M
UNIFIED  SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SItT Fine | Medium | Coorse Fine ] Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE OESIGNATION { Metric)
1 2 3 493 10 20 30 4050 gyy,m 150pum 300um H00um 1. 1 2.30mm . $5mm 19.0mm 37.5mm  21.0mm
[T shum | 106um 2500m 425um 150 pm 2,00mm 4.75mm N2mm | 265mm | $30m] 750mm
100 0
%0 10
80 20
70 30
o 8° 908
z 2
w <
: :
50 50
3 LEGEND z
= BH [SAMPLE SYMBOL &
a 40 [~
4 1
30 4 6 % 10
5 2 R,
~
20 6 2 tf” 80
] 7 2 &
7 4 A
10 90
o) “ 100
' 2 3 45 10 20 30 40 270 200 MU 00 GOS0 40 30 20 I6 108 4 W W W Ay
MINISTRY SIEVE DESIGNATION {Imperiol)
- 2
iy O on GRAIN SIZE DISTRIBUTION FIG No ZA
o= Silty Sand to Sandy Silt WP 371-89-03
. » - -
with Some Gravel (Glacial Till) Thirdline Rd. Underpass




7812 M
UNIFIED  SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SUTY Fine | Medium | Coorse Fine |  Coarse
GRAIN SIZE 1IN MICROMETERS MINISTRY SIEVE DESIGNAYION [ Metric)
1 2 3 45 10 20 30 4050  ysum B0um Wdum 600um < 1L 1mm 1. % mm . VS5mm 0.0mm 175mm  53.0mm
100 [T Stum | 108um 25040m 425 m 10um 2.00mm 4,78 mm Nawm | 263mm | $30med 750mm
— [+]
A u

/1 |
, s
" A 1!

/ I 20

10

30

60 400
]
3 2
<L . w
* 50 / 50“
z LEGEND z
by 4 o
& BH |SAMPLE SYMBOL &
w40 &

6 o — -

9 ——————————

~

o O
3
-2

s 11

10
20 80
10 1l %0
° 100

i 2 3 48 1 20 30 40 270 200 MO B0 KOG30 40 30 20 6 108 4 R P 7 N

MINISTRY SIEVE DESIGNATION (lmpérial)
Tranapostion GRAIN SIZE DISTRIBUTION FIG No 2B

W P 371-89-03
Ontario Fire Sand and Silt Zones ' —
within Glacial Till : Thirdline Rd. Underpass




Oc¢t 75, FF-5-21

60
50 - /
CH
40
= ct
End
[»)
z
5. 30
—
O
b ®
é ct LEGEND
/ BH SAMPLE | SYMBOL
20
™ 1 o
A O 3
2 5 O
Fa
* / MH OH 2 :
o 'y 3 5 n
/ 8 2 *
Ui W s S—— T, 8 5 o)
R RN
/' Mi (0]
M {/ ML oL
% 10 20 30 a0 50 60 70 80 90 100
LIQUID  LIMIT %
gﬂ;;g;g;;;m PLASTICITY CHART FIG No -3
WP 371-89-03
Ontario Clayey Silt to Silty Clay
Thirdline Rd. Underpass




VOiD RATIO €

VOID RATIO e

2.2

2.0

1.8

VOID RATIO -PRESSURE CURVES

B H 3
SAMPLE 5

DEPTH 4.8
ELEV 84.0

Py

WL 2 35-2“!6
Wp = 16.1%,

[e—=

W = 74v0°{6
Ce = 1.3 '

10 100"
PRESSURE kPa

1000 : 10 000

8 H
SAMPLE

DEPTH
ELEV

WL=
Wp =

w
Ce

LIS 1

10 100
PRESSURE kPa

Fig 4

1000 10 000

WP 371-89-C3



7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SUT Fine ] Medium | Coarse Fine | Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
i 2 3 45 10 20 30 4050 75um 150j2m 300pm 60Dum Ligmm  2.36mm ' 9.5mm 9.0 min 37.5mm  63.0mm
106 ”” l“ﬂ $3jam 1083m 250u|m 425 pm 850 um .—WQLDCmm 4.75mm % 13,2 mm 26, 5mm 53,00 73.%mm
’L./ P
¥ /'
90 ,~ 10
4 /
/ H—
80O / 1 / 20
H ] /
/ /

" ' 1

. A 400
z A :
5 I- v £
50 ,‘ [, 50 i g
: | /! , LEGEND 5
; T , BH |SAMPLE SYMBOL 5
V% / K 8 e
/ —— A a—
v MlP p “ 2 ? T0

} yd A L8 | 6 | ===
o A1 Ly | w0

/r ‘/ ~ }A “
| P4 4 o]
7/
] 100

! 2 3 4 s 10 20 30 40 270 200 140 00 €050 40 30 20 I8 08 4 Y L N I
MINISTRY SIEVE DESIGNATION (Imperiol)

T ion GRAIN SIZE DISTRIBUTION FIG N; 85A0;
Sand and Gravel W P 371-89-0:

Trace to Some Silt (Glacial Till) Third Line Rd. Underpass

Ontario




7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SWLY Fine I Medium ‘ Coarse Fine l Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION ( Metric)
' 2 3 45 10 20 30 40350  g5um 1500m 300 um 00um Lidmm 2. 38mm 9.5 mm 19.0mm A7.5mm 6.0 M
100 i mﬂ 53 m 106um 250m  425um 850 um 2.00mm 4.75mm j pzmm | 265mm | 530me 75.0mm
= Ea - )
o ]
[ N
90 : '/ // / 10
r / » '
3.1 // / /
/ | A
ao ﬁ ’ ’/ .I ‘l 20 :
o1t // ’/ . >
‘o IR L / / o
] d - :
' / A A
‘ L~ Y ~
i e R
60 40 O
% A
v — Lt <
g /F/ " 1~ ) 7~ w
50 i 50
2 | A% Etd LEGEND 5
& tv /L7 ‘ BH  |SAMPLE SYMBOL £
a 40 #i— g0 &
VAR e 4 8
/ an 4 | n | m———
30 ",‘7{‘/ — 70
/’fm_,,gw, pa 5 10 I
f f’/ “ 5 14 ——— & —
20 7 80
. :, ° 6 13 — ) o () s
=/
10 o 90
e
° i 100
i 2 3 45 10 20 30 40 270 200 140 100 6050 40 30 20 16 108 4 N L Xy
MINISTRY SIEVE DESIGNATION (imperiol)
) Transporaton GRAIN SIZE DISTRIBUTION FIG No sp
Sand and Gravel WP 371-89-C3
Ontario Trace to Some Silt (Glacial Till)
Thirdline R4, Underpass...




- W.P. 371-89-03 Third Line Road and Highway 416
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W.P.371-89-03 Third Line Road and Highway 416

SETTLEMENT (m)

SETTLEMENT (%)

FILL HEIGHT (m)

0.0 2.0 4.0 8.0 8.0 10.0
oom_\ """"" e
0.1 3 \ {
] \ Ce = 1.3
] \ ¢y = 0.0036 c¢m?/min
02 Pe = 120 kPa
] Po = 35 kPa
03 N W o= 74.0%
: N\ W= 35.2%
: Wp = 16.1%
0.4
Figure 7A
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g ““w“\
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604 \
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Figure 7B



MINASTRY OF TRANSPORTATION , OMTARIO PM-D- 207 8310

METRIC

DIMERSIONS ARE IN METRES
AND FOR MILIMETRES UNLESS
CTHFEWISE SHOWN. STATIONS

1 ? 'E;;;ED 2 N KILOMETRES » METRES .
-$— « RD bl o o 2 o S
| | & & = = & 4 3
P ETAYEY ST ve
s TO SITY CLAY | o N
Soft to Stiff ¢ p——3ANDY 3i o
o2 ort to ot i i Loose to V. loose oy € EABUTBRGS.
Bm.BmCON’* * m T 0
0 100 50 [ TR EFDJED 0?!50 LY
- T F——: Wi ber 10t 28 3.0 tA
— = MO IR RS
A A s 86 !
N ; i Vi - PROPOS,
v TAN AV Y y 3\ | —RBES
/////.) 7] /{/; z
[:33 5 b 4 87 e .{.35
O
80 4 4 L 80
. e - %lB-’_zG:an_',i‘_ft
78 f_‘\_.;. = = i e ma 78
yo "SAND & = %
GRAVEL LIMESTONE
74 TRACE To SOWE SILT o 74
acial 1 FRACTURED
77 ¥ Dense 72
70 70
SECTION B-B
SCALE FOR SECTIONS
Sm O Sm
o e et 2 = &
HOR & 2 s g b
5m [ Sm
VERT e PLAN
SCALE
" o] m
7 & oreser | 3 B OFrsel 3 orrser
‘Q. -¢. CBm LY [ ‘.. 2.4miT G LEmiT
HWY 218 5.B.L HWY d16NEB.L
_$5 g THRD .‘_6 100 8. DRY f £ 100
uws : f i Vam PROPOSED |GRADE
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g7 T 1_‘ - . 92 it T 8/.3m CONE | _ Compock i s T SANDY SHT 92
ol g ATy j[acpieen HAEA! ———log 50 N 1 ] Loose to Viokse
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