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FOUNDATION INVESTIGATION REPORT
for
Regional Road 6

W.P. 187-89-02, District 9, Ottawa
Highway 416, Str. Site: 3-576

1.0 INTRODUCTION

Strata Engineering Corp. has been retained by UMA Engineering Ltd. to carry out a
foundation investigation for the crossing of the proposed southbound lanes of Highway 416
and Regional Road 6 (Roger Stevens Drive). 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 in accordance with the requirements of the Foundation Design Section of
the MTO.

This report, which follows a letter report dated 1991 01 23, complies with these terms of
reference.

2.0  SITE AND GEOLOGY

The site is located approximately 30 km south of Ottawa along Highway 16. The location of
the site is shown on the key plan in Drawing 1878902-A, appended. The centre line of the
new southbound lanes will be located some 30 m west of existing Highway 16. Therefore, the
underpass to carry Regional Road 6 across the new highway will be a two span structure with
abutments located to the east and west respectively of the existing highway and the proposed
southbound lanes of the new highway. The proposed centre pier will be situated west of the
west shoulder rounding of the existing highway, which has been widened at this intersection
to accommodate turning lanes.

The site lies within the physiographic area known as the North Gower Drumlin Field. The
drumlins have a north-south orientation. The area has been inundated by the Champlain Sea
which has caused the drumlins to be covered with a mantle of marine soil, predominantly silt
and Leda clay. Bedrock in this area has been mapped as magnesium limestone to dolostone
of the Oxford Formation, Lower Ordovician age.

3.0  FIELD AND LABORATORY WORK

The field work was carried out in two phases. The initial investigation was conducted between
1990 10 02 to 1990 11 01, and consisted of the drilling of seven boreholes, five of which were
accompanied by a dynamic cone penetration test. Four boreholes were drilled at the corners
of the proposed abutments and one near the centre pier. The remaining two boreholes were
drilled away from the structure to provide information for the approach fills. The second
phase of the investigation, from 1991 11 12 to 1991 11 13, was conducted in order to more
completely define the soil stratigraphy at the east abutment location. It consisted of the
drilling of one additional borehole (BH 8) and a dynamic cone penetration test (BH 9) to the
south of the proposed pier location,
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Borehole clevations are referenced to Geodetic datum and were supplied by UMA
Engineering. The locations of the boreholes and dynamic cone penetration tests are shown
on Drawings 1878902-A and -B.

Drilling was conducted with Bombardier mounted CME 55 drill rigs. Hollow stem augers
were used to advance the boreholes. Boreholes 2 and 5 for the approach embankments were
terminated within the highest competent stratum. Bedrock was proven by coring in three
boreholes near the proposed structure abutments and pier.

Standard Penetration Tests were performed to sample very stiff to hard cohesive and all non-
cohesive deposits, the accompanying N values being noted in blows/0.3 m. In cohesive strata
and in Borehole 3, relatively undisturbed samples were obtained by pushing thin-walled Shelby

- tubes either manually or hydraulically into the soil. In situ vane shear testing was conducted

using a standard MTO A size vane in the cohesive strata. Remoulded shear strengths were
also measured to determine sensitivity.

Upon completion, water levels were measured in the uncased holes. In Borehole 6, a
standpipe was installed for longer term water level monitoring. The other holes were
backfilled with native soil cuttings. The site was then restored to its original condition. Due
to its proximity to the travelled roadway, no long term water level observation standpipe was
installed in Borehole 8.

Recovered samples were transported to our Don Mills Laboratory for further visual
examination, classification and index property testing such as moisture content, grain size
distribution and Atterberg limits. One consolidation test was performed. The results are
shown on the Record of Boreholes and on Figures 1 to 4, appended.

40  SUBSURFACE CONDITIONS

4.1 General

Over most of the site, a dense sandy silt glacial till overlies limestone bedrock. In the
southeast area of the site, the till is overlain by a wedge of clayey silt. The groundwater table
lies within a metre or so of ground surface.

4.2 Medium Sand (Road Fill)

In Boreholes 2 and 5 for the approaches and in Borehole 8 at the proposed east abutment
location, a brown medium sand with traces of asphaltic concrete is present from the surface
to depths ranging from 1.7 m to 2.1 m below ground surface. The moisture content ranges
from 10 to 25 per cent. A typical grain size distribution curve is shown on Figure 1.

The N values from the Standard Penetration Resistance test ranged from 20 to 4 blows/0.3 m,
generally decreasing with depth, indicating a compact to loose relative density of the road fill
material.



4.3 Clayey Silt

A brown to grey clayey silt deposit was found in Boreholes 3 and 8 at the south corner of the
east abutment. The deposit in Borehole 3 was 5.3 m thick, and in Borehole 8 it was 3.7 m
thick.

The moisture content of this material ranged from 30 to 48 per cent. Atterberg limit test
results (Figure 2) show the soil to be of low plasticity (CL). The moisture content is generally
higher than the liquid limit, indicating a liquidity index of greater than unity.

N values in this deposit ranged from 2 to 7 blows/0.3 m. Field vane tests indicate the
undrained shear strength of the deposit to be over 100 kPa above about elev. 86+ m, below
which the strength decreases to between 45 and 75 kPa around elev. 84+ m. The sensitivity
of the soil ranged between 6 and 8. Based on these observations the deposit is considered to
be very stiff to firm.

One consolidation test on a sample from Borehole 3 is shown on Figure 3. A strict
interpretation of the preconsolidation pressure, using the Schmertmann method, gives a
preconsolidation pressure, p,, of about 200 kPa. However, from visual inspection of the e-log
p curve, the p, value ranges between 150 kPa and 180 kPa. The compression index, C,, is
0.180. The recompression index, C, is 0.02. Since the existing effective overburden pressure
at the location of the sample is about 30 kPa, the clayey silt appears to be overconsolidated
by about 120 to 150 kPa.

44 Sandy Silt with some Gravel (Glacial Till)

Below the clayey silt in Boreholes 3 and 8, and the road fill material in Boreholes 2 and 5, and
from surface down in the remaining boreholes, there is a sandy silt with some gravel (glacial
till), with random boulders and cobbles. Typical grain size curves for the sandier portions of
the deposit are shown in envelope form in Figure 4A. Gravelly zones and less silty zones
within this deposit are plotted on Figure 4B. N values in this deposit ranged between 7 and
in excess of 100 blows/0.3 m, generally increasing with depth. The lower N values were
observed within the upper zones of the deposit and may be due to local re-working of the till.
The dynamic cone penetration tests all terminated within this deposit. Based on these N
values, the deposit is considered to be very dense with localized loose to compact zones near
the surface.

4.5 Limestone Bedrock

Limestone bedrock was proven by coring in Boreholes 3, 6 and 7. The core recoveries were
between 70 and 100 per cent. The thinly bedded rock has a maximum RQD value of 55 per
cent, most values being about 30 per cent. Based on the measured RQD’s the bedrock quality
is very poor to fair.



5.0 GROUNDWATER CONDITIONS
Groundwater observations are summarized below:

Borehole

[+ BN W Y R S

* Not stabilized

W.L. Elev.(m)

874
86.8*
87.4
87.9
87.8
88.4
87.9
86.6

Depth (m)

0.7
2.8
0.4
1.0
1.8
0.4
0.6
3.2

Date

1990 10 03
1990 10 02
1990 10 16
1990 10 04
1990 10 05
1990 11 02
1990 11 02
1991 11 13
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6.0  DISCUSSION AND RECOMMENDATIONS

6.1 General

It is proposed to construct southbound lanes to upgrade existing Highway 16 to a 4 lane
freeway standard, This will entail raising Regional Road 6 (Roger Stevens Drive) and carrying
it across the four lanes of the proposed new Highway by means of a two span underpass. The
centre pier will be located in the area of the west ditching of the present two lane highway.
Regional Rd. 6 is situated at about elevation 9.0 m. The approach fills are expected to be
about 7.0 m in maximum height above prevailing ground surface.

It is presumed that a detour of the present Regional Rd, 6 will be built to facilitate the
construction of the new underpass.

The subsutface conditions comprise a variably thick stiff to firm clayey silt deposit in the south
half or third of the proposed east abutment overlying a generally dense sandy silt glacial till
over limestone bedrock. The glacial till deposit occurs at the surface or just below fill material
at the proposed west abutment and centre pier locations. The groundwater table is situated
within a metre or so of ground surface.

6.2  Structure Foundation Design

Except for a localized 4 m to 5 m thick compressible clayey silt deposit in the southeastern
portion of the site, the subsurface conditions are generally suitable for the suppott of the
proposed structure on spread footings. '

For the entire structure the design options are:

1. Spread footing support, with complete excavation and replacement of clayey silt.
2. Spread footing support, except for east abutment, which can be supported on piles.
3. Pile support. :

The selection of an appropriate design option will depend on economic considerations and
regard for long term maintenance consequences. ‘

All footings and pile caps should be provided with a minimum earth cover of 1.8 m for
protection against frost action. .

6.2.1 ‘Spwad Footing Option
For spread footing support, both proposed abutments may be supported on compacted
Granular A (see Figure 5), using the following capacities:

Factored Capacity at ULS 900 kPa
Capacity at SLS Type IT 350 kPa

The Granular A core should be built up from elevation 88.0 m for the west abutment and
from the glacial till stratum at elev. 82 m for the east abutment. Suggqstions for th‘e
excavation of the clayey silt at the east abutment location are given in Section 6.6 of this
report.
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The centre pier, placed on spread footings within the sandy silt glacial till deposit at elevation
86.6 m, below the prevailing water table, may be designed for the following capacities
(assumed footing width = 4 m):

Factored Capacity at ULS | 1000 kPa
Capacity at SLS Type 11 400 kPa

The sliding resistance of spread footings may be computed using the following unfactored
values:

Effective Angle of Internal Friction ¢’ - 35°
Effective Cohesion Intercept, ¢’ 0 kPa

The unit weight of backfill should be taken as per section 6.3 below.

The total elastic settlement due to compression of the foundation soil below the spread
footings is expected to be less than 25 mm; hence, the differential settlement between the
Granular A supported abutments and centre pier will likely be in the order of 15 mm.

6.2.2 Pile Foundation Option
The abutments and pier of the entire structure, or the east abutment only, may alternatively

be supported on a piled foundation designed for the following axial capacities, for example for
HP 310x110 steel H piles:

Factored Axial Capacity in ULS 1600 kN
Axial Capacity in SLS Type I 1150 kN

Downdrag loads on the piles below the proposed east abutment are not considered to be
significant to warrant lower capacities for the piles penetrating the clayey silt deposit.

Due to the presence of cobbles and occasional boulders at depth, the piles should be driven
with reinforcing toes, using an energy of not less than 50 kJ to achieve the intended axial
capacities.

Pile toes are likely to penetrate to the following anticipated elevations:

West Abutment

North Side  76.3  On bedrock
South Side  76.5 On bedrock

Centre Pier 79.5  Within glacial till -
‘ use Hiley formula to control pile driving, per MTO practice.
East Abutment

North Side  81.5  Within glacial till - use Hiley formula to control pile driving.
South Side  75.5 On bedrock
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In order to calculate bridge deck support elevations across the proposed east abutment, the
elastic shortening of the piles should be computed using the formula:

Elastic shortening = PL/AE
where:

P = design load;

L = length of pile, interpolated from Section C-C, Drawing 1878902-B, assuming pile
toe to penetrate to bedrock or to depth where N values are >100 blows/0.3 m;

A = cross-sectional area of the pile section chosen;

E = modulus of elasticity of steel

Allowance for a maximum differential settlement of 10 mm should be made between a pile
supported east abutment and a spread footing supported centre pier, the centre pier settling
relative to the pile supported east abutment.

6.3 Earth Pressures

Earth pressures should be computed as per sub-section 6-6.1.2.2 of the OHBD Code. An
unyielding foundation condition should be assumed for a piled foundation and a yielding
condition for spread footing support, in the selection of at-rest or active earth pressure
coefficients respectively. The Granular A or B backfill should be in accordance with MTO
Special Provision No. 109F03 (latest revision).

The following design parameters are recommended for granular backfill to abutments and
wing walls:

Granular A Granular B
Effective Angle of Internal Friction, ¢’ 35.0° 30.0°
Unit Weight (kN/m®), y 2238 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

The approach grades will be at about elevation 97 m, resulting in fill heights of some 6-7 m.
The stability of such fills was checked using total stress analyses for the case of the east
approach fill above the clayey silt deposit. The analyses show adequate total factor of safety
against deep seated rotational failure, provided the side and forward fill slopes are maintained
at 2H : 1V, or flatter.

The settlement of a 6-7 m high fill at the west approach will occur during placement and will
be negligible after construction.

The presence of the clayey silt deposit below the east approach fill will result in long term
settlements of about 30 mm for a 6-7 m high east approach fill. If the clayey silt soil is
excavated, then settlements will be immediate during fill construction, and negligible
thereafter.



6.5 Construction of Centre Pier

Construction of the centre pier footing will require dewatering. The presence of cobbles and
boulders within the silty sand glacial till deposit precludes the use of sheet piling to serve as
a positive seepage cutoff. For the same reason, and for reasons of cost, well point dewatering
may not be practical.

Therefore, consideration should be given to gravity drainage of the excavation, by making it
larger than the footing. One means of achieving dewatering of the excavation by gravity
drainage is shown on Figure 6. The ditching shown on Figure 6 may be taken all around the
footing, or be left to one side, depending on traffic control and road protection considerations.
As a minimum, the nearest travelled vehicle wheel path should be no closer than the maximum
depth of the excavation ditching, or 2 m, whichever is less.

6.6 Excavation and Backfilling of Clayey Silt

The clayey silt deposit extends vertically below the southern portion of the east abutment and
laterally probably extends below the existing Regional Road 6 pavement (refer Section C-C,
Drawing 1878902-B).

The clayey silt will need to be completely removed from within a trapezoidal zone, as defined
by the 1:1 sloping lines of Figure 5, extended down to the glacial till stratum.

After construction of the detour for Regional Rd. 6, excavation of the clayey silt should
commence from the north end, working towards the south. There are two methods available
for excavation - one in an east-west direction, across the abutment footing width, and the other
in a north-south direction spanning the entire length of the abutment footing. The choice
should be left up to the contractor who should submit a proposal of the intended excavation
and engineered backfill scheme for review from a geotechnical view point. Contract conditions
imposed for excavation and backfilling should include:

1. No clayey silt shall be trapped within the limits of excavation defined.
2. Excavation stability shall be maintained at all times.
3. Provisions of the current Ontario Occupational Health and Safety Act relative

to excavations shall be complied with.

4. Granular A backfill shall be accomplished in loose lifts not exceeding 200 mm
in thickness, with each lift being compacted to 100 per cent of the Standard
Proctor density of the material being used.

5. All Granular A placement and compaction shall be in the dry.

The granular fill below the pavement will be stable at temporary slopes of 1:1. The clayey silt
will stand up at 1:1 temporary slopes during excavation to the maximum depth of 6 m, for
excavations left open for not more than 48 hours. Seepage of groundwater from the clayey
silt stratum is expected to be capable of being handled by routine pumping using a submersible
pump, with a minimum capacity of 10 L/s.



The contract should specify that no excavation should be left open overnight or at the end of
a working day

For quantity estimating purposes, assume the quantity of clayey silt removal to be 1.1 times
the neat excavation quantity and the Granular A to be 1.25 times the neat excavated quantity,
due to the high probability of loss through contamination and pick-up of previously placed
materials with the excavated material,

The excavated material is not considered suitable for re-use on the project, and should be
disposed off.

6.7 Recommended Option

There are numerous problems associated with the excavation of the clayey silt, including not
only the consideration of how a 6 m deep hole will be backfilled and compacted with Granular
A without encountering severe difficulties, but also through considerations of:

- danger to equipment and workers from potential instability of the excavated side slopes;

- disposal of the clayey silt, which has a liquidity index of greater than unity;

- field control of compaction achieved;

- ensuring all softened material has been removed from within the specified excavation zone;

- Falsework support considerations (the falsework can not be situated within 5 m of the
nearest excavation boundary).

Therefore, supporting the east abutment on a piled foundation is the preferred alternative.
The decision to use piling also for the central pier (to avoid large excavations and dewatering
problems) and for the west abutment will depend on economic and structural design
considerations, which are beyond the scope of this report.

7.0 CLOSURE
The drilling was supervised by A. C. Abel. Drill rigs were rented from F. E. Johnston and
Marathon Drilling companies, Ottawa.

Several reviews of this report have been conducted between initial issue and this submission.
We are grateful for the many constructive suggestions received in its finalization,

Respectfully submitted:
STRATA ENGINEERING CORP.

A. C, Abel, M. Sc.
Project Engineer

{9 C MIRZA

aa#m’“

C. Mirza, P. Eng.
Senior Principal

Report Distribution:

UMA Engineering 15 copies
Strata File E-90-037C 1 copy
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Explanation of Terms Used in Report
Record of Boreholes 1 to 9
Figures 1 -6
Drawings 1878902-A and B
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0w Si2E] 2 CBOnd S O e wp W w| 5% &
BLEY ot TlH| w] 2198 § [SHEAR STRENGTH Pa N E | crain SiZE
DEFTH DESCRIPTION w5 E | $|38] 5 |owconnme o nmovanel ool |DISTRIBUTION
g‘,_ z 3 EV | & |eouck TRanAL  x L8 vaNE WAT NTENT (%) (%)
89.6| Geound Sucface @ : & ' 10 20 30 GR $A 51 CL
0.0 Medium Sand ¢
Tr.Asphaltic Concretf *
(Road Fill) . 89.0
Compact to Loose 55{ 20 e 0 79
Browo 88 4 88.0 [
87.5
2.1
Sandy Silt
) Y.L, on
Some Gravel 138l 7 L 87.0 1990 10 02
(Glacial Till)
Lovse to V.Dense 4|4 ] 85| 30 ?
oo Browa L L 86.0
115 ss)o2s 3 25 30 {45)
Grey 85.0
8.6 L'J 46 ]851 85 9
5.0! End of Borehole

‘3' x5 : Numbaers refer to
Sansitivity

10
1545 {%) STRAIN AT FAILURE
10




OFFICE REPORT ON SOU EXPLORATION

@ My
Traragonation
Oniario

w p _187-89-02

RECORD OF BOREHOLE No3

Locanion _N: 5 000 778

3 E: 369 249

METRIC

orGiNatep By iS5

[+13 . HwyY 416 BOREHOLE TYPE lollow Stem Auper, Dynamic Cone Penetration Test . COMPILED BY A,
DATUM .....Ceodetic parg 1990 10 03 CHECKED 8y CaMe
M o w DYNAMIC CONE PEMETRATION
SO PROFILE SAMPLES o S eSS TANCE PLOT asne a4 REMARKS
o i5} = 20 40 60 80 1go | cowrew umif 0
v o 1 1 &
Ol TN Iy > L ) A Wp w W, m;
ELEV ESCRIPTION & § w g 28| @ SHEAR STRENGTH kPo PRSI R ch&u ?léﬁ
DEPTH - Zi 21281 % |ounconnnen + FIELD VANE BUTION
iz . gu 2 1o auex tmanal  x tan vane |WATER CONTENT %) 4 %)
{87.8 | Ground surgace & z @ 20 40 60 80 100 10 20 W0 | kN/milsp sa 51 CL
0.0 A
: d W. 1, on
Clayey Silt 5
yey S% } + \ 1990 10 16
V.Stiff to Stift Lt 87.0 uti'
] 1 18513 \
1
Brown A1121ss | 2 96.0 p
A
DU § « o
A
(113188 | 5 85.0 ]
4 : ’ — 19,3 Lonsol,
vl e
LA o > fest Fig.)
Grey %
LY 84,0 3
*
//
48
/ 5 W m “3!0 E—-
82.5 ) /]
MMW
5.3 v "
JJ 6|88 |30 o
Sandy Silt o b 82.0
Some Gravel KRX
{17 iss J20 o
(Glacial Till) |} 1.0
i
AR 80.0
Compact to V.Densell]]8 |SS 135 3 13 19 {48)
113 79.0
il 9iss (a7 ¢
45 8.0
Grey .
.
A 71.0
110 188 175 °
|
. 76.0'
5.4 B ;w:sﬂ‘_"ﬁmﬁﬁi."f-ﬁcm. b
12.4 3 K | Rec
Limestone Dedrock Q!z rRe | 947 5.0 ROD = 54%
\ZE
74.0
]
ZZZL:L" X {#i7 oD =
\M ny | Rec
72.8 277 RC | 86% 73.0 ROD = 53%

15.0 End of Borehole

$3, w3 ; Numbars refer to
Sansitivity

70
1545 () STRAIN AT FAILURE
to




OFFICE REPORT ON SOIL EXPIORATION

Veummuwonion
Ot
RECORD OF BOREHOLE No4 METRIC
w b 187-89-02 LOCATION _N: 5 000 785 : E: 360 201 CRIGINATED BY SS
pist 2 Hwy,_ 416 BOREHOLE TYPE lollow Stem Auger, Dytamic.Cone Penetration Test  COMPILED BY A K.
DATUM _Ceodetic DATE ..1990 10 04 CHECKED BY CoMo
o s DYNAMIC CONE PEMEIRATION
SO PROFILE SAMPLES E,g 5 RESISTANCE  PLOY MASTIC ’.‘.:,.",’?3:. Riicied ,_,':E REMARKS
= 301 & 20 40 60 8o o |UM comtesr umiy 59
Ol 4] s P AV OO R Wp w w, | 5% L
ELEV Elalwl 3 %é & [swear stremcrn pa ot ot 2 | crain sizE
BEFTT DESCRIPTION w|E| 21 £133] 5 [ounconmmes  + riewo vane arer content izl 7 DISTRIBUTION
i)z y | &Y 2 |eouck reaxiat  x 1as vane WATER CONTENT (%) ("%}
88.9 | Ground Surface & G o 10 20 90 GR 5A SI CL
0.0
Sandy Sile A2
( ?ome Gravel) .
Glacial Till
A1l ss! os] ¥ | 880N s 7 35 (53)
Compact I W. L. on
Brown 1990 10 04
Jld2 1 ss| 14 b
. 87.0
[ RPURR .| § % \\
Ilalss] o o
I 86.0
Very Dense R 1
’ 85.0
o
‘I {1.5.| 85 |52 84.0 L 17 34 {(49)
iR
Grey ik
: 83.0
|16 | ss |92 o
‘:\
- / 7 | 3 Boulder 82.0
o
Geavelly Zone 448 | S8 100 81.0 41 33 (26)
L.
KaE 80.0
79,3 19185120 9
9.6 End of Borehole

o3, x5 ¢+ Numbers reler to
Sansitivity

b1}
1595 (%] STRAIN AT FARURE
114]




OFFICE REPORT OMN SOt EXPLORATION

RECORD OF BOREHOLE No5

METRIC

wp _ 187-89-02 LocATiON _N: 5 000 742 ; E: 369 162 ORIGINATED BY 5.5
oISt .2 Hwy 216 BOREHOLE TYPE llollow Stem Auper, COMPILED BY A, K.
paTUM _Geodetic pare 1990 10 05 CHECKED 8y CaMte .
SOIL PROF AMPLES a us DYNAMIC CONE PEMETRATION
OFILE S Lo | g |RESISTANCE PLOT masvic 240 el _E | pemans
% o UMt content Vil | = {3 K
PR E L IR vl B
= ot P
ELEV DESCRIPT glulw| 3|25 6 SHEAR S$STRENGTH kPo ............,owu‘ 2 | crain SizE
DEFTH CRIPTION WAELZ L 2138 5 [ounconmmes v rmpvane) oo e renl Y DISTRIBUTION
212 » I 3Y & |oouick Tranar  x 148 vane ATER CONTENT (%) (%)
89.6 | Ground Surface 3 E A 0 20 3 GR SA 51 CL
0.0 Medium Sand X
v .Asphaltic Conctrgté’
{Road Fill) >°< 89.0
Cowmpact e 41 |55 5 d
L Brown %S
1.5 s NI 88.0
Sandy Silt . W, L. on
Some Gravel fd2 | ss 14X P 1990 10 05
{Glacial Till) [}{°
Compact to V. Densellily |ss | 21 87.0 12 38 (50)
B
86.5 rovn o] oo tin! /S
3.1 | End of Porehole

3,5 Numbars refar to

Ty w

Sansitivity 0

20
15 <45 (%) STRAIN AT FAILURE




CFFICE REPORT ON SOIL EXPLORATION

Ontanicy
RECORD OF BOREHOLE Nob METRIC
w p _187-89-02 LOCATION _N: 5 000 747 3 E: 369 183 ORIGINATED BY _A-A.
oIsT .9 nwy Al6 BOREHOLE Type Hollow Stem Aupey, Dynamic Cone Penetration comPILED BY A.K.
DATUM Geodetic oare 199010 30 crecxep ay SMe
o w DYMAMIC CONE PENETRATION
SO PROFILE SAMPLES §vz.' 3 RESISTANCE PLOT ..: ,}:‘:‘c :::;2:::‘ :m? m% REMARKS
- w130 » 20 40 60 mp 00 |N0 sowitr zz 4
Ole gizz P O WO A Wp W w | 54
E1EV BESCRIPTION SEIRFREREE g [snear stRenGTH vPo TSRS B SRain size
DEPTH ! IR % |0 UNCONFINED  + FIELD VANE wl 7 Bun:
f 3 i‘:’ T ée o | ouitk rRIAGAL % LAB VANE WATER comea:r(f.) {%)
88.8 | Geound Surface % 2 o 10 20 B GR SA 51 CL
0.0 . 41 L_‘ W L. o0
ggggvcigﬁ,;, Kt I R 1990 10 31
(Glacial Till) N =i 88,0
XN Seal
Brown 12 185 | 41 87.9 .
JLpTsTs 4 16 36 (48)
1
( Ja | ox [poutked | |e6.0
Compact to V. Densepd]
L
i 85.0
15 lss | 3a o
Randomly placed 1,
Boulders RER
4l |88 |59 84.0
6'7 7 | ox |mouldler
ISEMERE LN 3
{DIo._|Bx jpoulfer | 1339
K woeron 3
iy 22.0
Gray
. == LR Sen o
BIN 01.0
f:'j 12 | BY |Bouldier
il £0.0
’ ] n
fla3lss | ss o
3 79.6
4
Sandy Zone 4it1alss | 60 78.0 o 1369 (18
NN 71.0
76.5 44
.
12.3 RO = 0%
Linestone Sedrock o
T 750 RQD = 55%
ZZ? 17 RQD = 472
[ 75.0
Em B JRec | L
X RQD = 30%
“Z\?: re j3x | [l
_7309 J - 74,0
ddpmpdh

A o
Erreorf ALY

20
o3, x5 : Mumbars refer 1o g o 5 (v) STRAIN AT FAILURE
Sansitivity M



OFFICE REPORT ON SOt EXPLORATION

Ortana Sheet 1 of 2
RECORD OF BOREHOLE No7 METRIC
w P 187-89-0% LOCATION N:.5.000 767 = E: 369 175 ORIGINATED BY Adle....
oist..9 HWwy . A4l6 BOREHOLE Yype Hollow Stem Auger COMPILED BY _A.K.
patym Ceodetic  oare 1990 11 O1 CHECKED BY LMo
SOIL PROFILE SAMPLES o ﬂ OYNAMIC CONE PENETRATION -
;gg g RESISTANCE PLOT '2 n:\::'c :g';’;'::( :wr "«::'; REMARKS
o w | 2O | @ 20 40 &0 80 00 CoNTEN! P
9 o w ;z z ) 1 i 1 1 wp W w‘ pw &
ELEV 218|225 O [SHEAR SIRENGIH Who [ N— Z | crain size
DEPTH DESCRIPTION wAELZ | $138 | 5 |ounconamen  + o vane oy [DISTRIBUTION
é z . 3‘, é o GUICK TRIAXIAL X LAB VANE WATER CONTENT ('4) (%)
88.5 wd_Surface w ‘ w 10 20 30 GR 5A S CL
0‘0
Sandy Silt 1 X 80,0 Wol o0
Some Gravel . 1990 11 02
At e s 9
{Glaeinl Ti1D) s
;‘) 2 ji.4 yuiljor "7‘,‘)
Brown o
Jd 3t 1aa 86.0 4 16 37 47
Compact to V. Densel}]
1. 85.0
(;/j 4_jux Yepee
Randomly placed |45 |55 |3 b
Boulders 11 84.0
I’)
(‘:' 6 |BX | poultter 3.0
LT d8s 13/ hem 3
&
/ 13 e |bouljler
\‘ 32~0
L1/ .
#f +
Grey J 1 es i IE em o
g1 81.0
B1l
[J 10fox |ooutlier | op o
¥
" 13 sz;:-sw;f:m‘ o
l‘ 79‘0
" 74.0
i PP EE=a Sem
¥
113 ss s 7.0 :
6.3
12,2
Limestone Bedrock (14 [y |Ree %6.0
Qg . joox RQD = 25%
]
4 75,0
QIS il e RQD » 37%
% 4.0
71.5 {Cont. on Sheet 2 [

15.0

10
o3, x®; Numbers refer to (g & 5 (o1) STRAIN AT FAILURE
Sensitivity M



OFFICE REPORT ON SOOI EXPLORATION

-
Cnkito

Sheet 2 of 2
RECORD OF BOREHOLE No7 cont'd METRIC
w p _187-89-02 wocanion _N: 5 000 767 E: 369 175 ORIGINATED 8Y ALA,
tst .9 Mwy_ 416 BOREHOLE TyPE Hollow Stem Auger COMPILED BY A.K.
patum _Geodetic pare 1990 11 01 CHECKED 8Y CuM. . ..
$OIL PROFILE AMPLES o w DYMAMIL CONE PENETRATION
A 5 W | F |eesistance por mesre SV vonel L E | penanks
- $5| ¥ 20 40 50 8p 100 [T cowrma ] 50
g o :ﬂ - = 1 1 I} 1 3 Wﬁ w wl W &
e DESCRIPTIO iG] wl 2195 & [sHEAR STRENGIH WPo RS 3 | cramv §iZE
DEPTH N EIEAE 88 % |o uNCONRINED ¢ FiELD VANE er content i) 7 DISTRIBUTION
212 | &V & |e Quick TRIAGAL X LAB VANE War NTENT (%) 1%}
13.5 Cont . from Sheet 1.1 N w GR SA 51 C)
[5.0 &
E"’ BX | Rec 73.0
ras R4 |ec ooz RQD = 36%
16.0{End of. Boreshole

‘3' w3 : Numbers refer to
Sensitivity

20
15 45 {%] STRAIN AT FAILURE
0




OFFICE REPORT ON SO EXPLORATION

P E R EEEE Y E'EE EBE E NN B BN B B B O

Cirnarics
RECORD OF BOREHOLE No 8 METRIC
w P __187-89-02 LOCATION _N: 5 000 786.5 E: 389 245.5 ORIGINATED BY CoNo
pist .2 Hwy, 416 BOREHOLE TYPE Yiollow  Stem Augec COMPILED BY A.A.
DATUM ... Ceodetic 1991 11 13 CHECKED BY GuMe e
DINAMIC CONE PENETRATIO
SOW PROFILE samPies | &, | 3 |Ressrance PO N ] e Ao =
2| U sowsiure W01 1. 5 REMARKS
B - u“‘ 3? v 2'0 4.0 b'O ulo 190 ga 2
™
ELEV SCRIMD il wi 219238 E SHEAR STRENGTH kPo TSP 2 | craiv SiZ¢
|DEPTH DESCRIPTION w21 2| 3 88 = |0 UNCONFINED  + FIELD VANE . y [DISTRIBUTION
. g 4 » | BY 3 1o cuick rriaxial  x tas vane |WATER CONTENT [%) {*%)
89,8] Ground Surface » £ s 20 4D BD 80 100 GR SA 51 €L
0.0 Medium Sand
Ter. Asphaltic Concrete
89.0
Compact ><
Brown >< as 113
87.7 158.0
2.1 =
Clayey Silt % 87,0
P X W.L on
Stiff to Fiem $513.1° 1991 11 13
/1 86,0
Trown
with Grey Mottlings
517 85.0
6
84,0 "
5:8 84.0
Sandy Silt s |0
some Graviel
(Glacial Till) 83.0
v to Very Dense |
Compact to Very Dense o | 45 82.0 14 40 (46)
Grey
£0.8 581307 8.0
981 £nd of Boretole

R x5 + Numbars refer 1o
Sansitivity

20
15 0.5 ") STRAIN AT FAILURE
w0




QFFtCE REPORT ON S04 EXPLORATION

I

WP 187-89-02

bisT 9 Hwy, 416

RECORD OF BOREHOLE No 9
LOCATION Nz 5 000 757.0 g_: 369 208.0

BOREHOLE TYPE _Dynamic Cone Penetration Tegt

METRIC

ORIGINATED BY GNe.
COMPILED BY  ALA,

aTuM _Ceodetic pare _1991 11 12 CHECKED BY _C.M. ..
o wi  |OYNAMIC CONE PENETRATION
SOH PROFUE SAMPLES .%, »: 3 RESISTANCE  PLOT rasne S ool E REMARKS
- 36| w 20 40 60 80 0o [T cowiewr w50
Cle| | & = YR R B WA W w w | 5w 4
LEY letw]| 2128 5 SHEAR STRENGTH 4Po A | cran 5128
S DESCRIPTION SIEIEL 3|38 5 louconnmeo  + mmpvane] o o w v [OSTHBUTION
. =12 » | &Y & |eouck TAKiAL  x LAB vaNE (% (]
88,9] Ground Surface R £ s GR SA 51 CL
0.0
Probable Sandy Silt [} |
with Gravel ol 88.0 \
(Glacial Till) -
». : vl : \ -"M
. iy
L1 87.0
86.6 o,
2.3] End of Conetest

o3, x3 ; Numbers refer ro

Sansitivity

20
15 4§ %] STRAIN AT FAILURE
w0




VE 12 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & SILT Fine | Medium | Coorse Fine Coorse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric) ,
i 2 3 45 10 20 30 4050  ysum B0um 300um  800um  LiBmm  2.36mm 9.5mm Womm  3%Smm  6L0mm
100 , T s3um | 106um 250 _a2sum | wsoum 2.08mm 1.25mm e | 20smm | 5300 7500m
/ / |
90 ™
//
//
80 20
| /
o I , w0
. . '
o 60 ' H / 408
2 1
| / :
g l pol
50 ’ 50
5 /] LEGEND 3
g / ' [l en [sampre SYMBOL &
2 40 Z 60 &
| /) 2 1
rd
30 “ // 70
" || v
10 u 30
0 H 100
1 2 3 405 10 20 30 40 270 200 140 100 050 40 30 20 I§ 08 4 R A N A Y
MINISTRY SIEVE DESIGNATION (Imperial)
FIG No 1

Transportation
Medium Sand WP 187-89-02

Ontario (Road Fill) Reg. Rd. 6/ Hwy. 416

Ministry of GRAIN SIZE DISTRIBUTION




Oct 75, FF-5-21

60
P
50
CH
40
3 Cl
=
O
Z
,. 30
U
< ct | LEGEND
) / BH SAMPLE | SYMBOL
20 3 2 ®
_ 3 4 O
/ 8 2 +
, OH
o MH
10 - P)
[ ——— TN g
e ewN\\\X\V
/' Mi (8]]
ML ot
% 10 20 30 40 50 60 70 80 90 100
LIQUID LIMIT %%
Minisuy of PLASTICITY CHART FIG No 2
@ Transportation Y p 187-89-02.
Ontare Clayey Silt Reg. Rd. 6/Hvv. 416




VOID RATIO e

VOID RATIO e

VOID RATIO-PRESSURE CURVES

B H 3
SAMPLE 4
DEPTH 3.3m
ELEV 84.5m
0'32 1 wL x 3‘;0010
E“— nux WP T 20-‘0‘/0
0.80 ““"‘*m..,; el W = 29.0% |
Ryt } Cc = 0.184
078 H = < '
0.7% \
0.74 \\
0.72
0.70 Attt
Il (< TP L - \
0.68 — PR Ly
0.66
10 100 1 000 10 000
PRESSURE kPa
8 H
SAMPLE
DEPTH
ELEY
WL =
Wp ]
W 2
Ce =
n 10 100 1000 10 000
PRESSURE kPa
Fig 3 4 WP 187-89-02
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UNIFIED SOIL CLASSIFICATION SYSTEM
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78 12 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & ST Fine ] Medium | Coarse Fine | Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE OESIGNATION ( Metric)
1 2 3 48 10 20 30 4030 7sum B0um J00um  COum  LiBmm  2.36mm 9.5 mm Womm  §%Smm  A3.0mm
160 Tt 1531m 108 um 230U 425um 883 um 2,00 mm 4,75 mm Wimm 1 28.5mm | S3Sme 75.0mm
ry
| /
” H /’/ / '
v ‘
80 u ] /4 20
| a /
30
l / /
2 r
3 60 ' / p4 40;;
5 , = :
o -
50 ! ,/ e : 80"
g / -1 LEGEND E
W y L Y]
& | / 1 BH |SAMPLE SYMBOL x
e 40 —] 50 &
/ - 4 8 — o
| / LT i 14
30 Yaa 70
I - [—A
L/
20 :i < 80
10 :{ 90
0 “ 100
1 2 3 45 10 20 30 40 270 200 140 100 080 40 30 20 I 08 4 D S LI U S Ll oy
MINISTRY SIEVE DESIGNATION [imperial )’
Transpertaon GRAIN SIZE DISTRIBUTION FIG No 4B
Ontaro Sandy and Gravelly Zones within Glacial Till WP 187-89-02
' Reg. Rd. 6/Hwy. 416




~1 im MmI | Yen M:ﬁ‘l “
- -~ / :-_‘u.:‘ 4 o es N .5‘* ‘i.
e Ve 0'." "'.. DAL A, e s \\
A PR SR R ~.
})/ A TR RN <2
/ . A » = \

- S~
// EARTH FILL GRANULAR ‘A’ EARTH FiLL "\\

X SECTION

NOT TO SCALE BUILD UP TO THIS LEVEL THEN

T CONSTRUCT FOOTING
RN
I°-3m EARTH FILL
Y
/})/ v o 7
~ EARTH FiLL © GRANULAR ‘A oG e
,// REMOVE TOPSOIL & SOFT MATERIAL
LONGITUDINAL  SECTION
NOTES:

1-REMOVE TOPSOIL &/0R SOFT SUBSOIL UNDER AREA OF COMPACTED GRANULAR 'A’ & EARTH FiLL.

2-PLACE GRANULAR ‘A’ & EARTH FILL TO BOTTOM OF FOOTING LEVEL, COMPACTED ACCORDING TO
CURRENT M TC STANDARDS.

3- CONSTRUCT CONCRETE FOOTING.
4 - PLACE REMAINDER OF GRANULAR 'A" & EARTH FILL AS REQUIRED.
M.TO W.P 187-89-02

ABUTMENT ON COMPACTED FILL FIG No 5
$ STRATA ENGINEERING CORP. SHOWING GRANULAR 'A' CORE P ——




—[—"" FUTURE GROUND SURFACE

— — S— ey — gy o —— t—

f/csmas PIER FOOTING

A

MIN, DISTANCE TO EDGE
OF TRAVELLED ROADWAY

i I 2.0m _§
£ ! EXISTING GROUND:
@ ! SURFACE |
2 &
3 -
c » > ) o .
. 1 > .
i ! |
500mm{MIN.} ‘ 400mm{MIN.}) _»i 1.0 )
MIN.L.Om ja—
L— PUMP FROM SUMP[MIN.] FOR FALSEWORK

NOTE:

NOT TO SCALE

BACKFILL EXCAVATION WITH GRANULAR "A* PLACED IN
MAX 300mm THICK LOOSE LIFTS AND COMPACTED TO

100% STD. PROCTOR DENSITY TO A LEVEL FLUSH
WITH TOP OF FOOTING.

M.T.0 WP 187-89-02

»ﬂ} STRATA ENGINEERING CORP,

FIG No. 6

DEWATERING OF CENTRE PIER FOOTING

Hwy. 416 / Regional Rd. 6




MINISTRY OF TRANSPORTATION, ONTARIQ PH-D-207 84 Y0

CONT N
METRIC |wp Nz1s7-89—02

HMENSEONS ARE IN METRES

&
) \ / / N AND/ OR MILLIMETRES UNLESS
ﬂoe f CTHERWISE SHOWN. STATIONS S H E ET
, . 5 % N KIEOMETRES » METAES | REGIONAL RD. 6 U'PASS

BORE HOLE LOCATIONS & SOIL STRATA

89-0
?0.0

dog
93
9900

STRATA ENGINEERING CORP.

P24 °
>
i
&
Q z
° 4 A
ey =
o ~i f 5
> #
{;.; g £
o/ *
- oy
<
o Y
by
g1 8 A Tots
o2
'

PR 1 A

. KEY PLAN
SCALE

§9.0 @ Fm g i 2Km

e e —

&’

REGIONAL ROAD 6 _ LEGEND

Bare Hola

Uynamic Cone Penstration Test [Cone}

Bore Hole & Cone

A

8¢.0 Blows/0-Jm {Std Fen Tast, 475 [/blow]

[}

OME  Blows/(-3m [60° Cone, 475 [}/ biow]

‘..[l.

WL ot time of investigation Oce 1990

CO-ORDINATES
ELEVATION] _NORTH EAST

z
Q

a3t 50008060 3492380
9.5 5 000 809CQ} 369 258.0
87.3 50007780 3492490
B39 50007850] 36920010
8%.5 5000 7420f 3891620
38.3 5 300 747G 3469 183.0
§a.s 5 000 76701 3691750
ag.3 5000 735.5 3469 245.5

839 50007570 349 208.0

_‘5 CEFSET : *2 OFFSET
3.5m RT ' Ssmit

02

PROPOSED TOP |\OF PRVEMENT
£ § PEGROAD & -
; 9

W ® N ke N

————MEDIJM SAND : - MEDIUMISAND — 94
TRACE ASPHALTIC IONCRETE TRACE ASPHALNIC COMNCRETE
[ROAD FILL g HWY 416 SBL § HwY dIENBL g {ROADIFILLY e

Compact ! E——P!?OPOSEB GRADE erm—.i : ) Comp. fo Loose {——EXISHNG GROUND

- : "
M :

T (L ‘_E};—éi-«ﬁ
ZSANDY SIT
SOME GRAVEL

] [Glacial Til I;

— 90
10 X~ 88

f:f/"i‘x 3 I‘f.‘____ SANDY SKT =NOTE=
REED

7
E

| il R AV
29 SOME G EL LE] The boundaries befwaen soit ifrats hove been sstoblihed

i Glacial Till}
ik |- (Glacia oty af Bore Hole locations. Holes the
Loose ta' Danse only of Bore Hole locotions. Between Hore _Jas

B4

boundaries ore d from geoclogical

+9B0

10+ 070

2+ 9150
2+9170
2+9190
10+ 0110
10+0130
lo«oiso
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FOUNDATION INVESTIGATION REPORT
for
Regional Road 6

W.P. 187-89-02, District 9, Ottawa
Highway 416, Str. Site: 3-576

1.0  INTRODUCTION

Strata Engineering Corp. has been retained by UMA Engineering Ltd. to carry out a
foundation investigation for the crossing of the proposed southbound lanes of Highway 416
and Regional Road 6 (Roger Stevens Drive). 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 in accordance with the requirements of the Foundation Design Section of
the MTO.

This report, which follows a letter report dated 1991 01 23, complies with these terms of
reference.

20  SITE AND GEOLOGY

The site is located approximately 30 km south of Ottawa along Highway 16. The location of
the site is shown on the key plan in Drawing 1878902-A, appended. The centre line of the
new southbound lanes will be located some 30 m west of existing Highway 16. Therefore, the
underpass to carry Regional Road 6 across the new highway will be a two span structure with
abutments located to the east and west respectively of the existing highway and the proposed
southbound lanes of the new highway. The proposed centre pier will be situated west of the
west shoulder rounding of the existing highway, which has been widened at this intersection
to accommodate turning lanes.

The site lies within the physiographic area known as the North Gower Drumlin Field. The
drumlins have a north-south orientation. The area has been inundated by the Champlain Sea
which has caused the drumlins to be covered with a mantle of marine soil, predominantly silt

- and Leda clay. Bedrock in this area has been mapped as magnesium limestone to dolostone

of the Oxford Formation, Lower Ordovician age.

3.0 FIELD AND LABORATORY WORK

The field work was carried out in two phases. The initial investigation was conducted between
1990 10 02 to 1990 11 01, and consisted of the drilling of seven boreholes, five of which were
accompanied by a dynamic cone penetration test. Four boreholes were drilled at the corners
of the proposed abutments and one near the centre pier. The remaining two boreholes were
drilled away from the structure to provide information for the approach fills. The second
phase of the investigation, from 1991 11 12 to 1991 11 13, was conducted in order to more
completely define the soil stratigraphy at the east abutment location. It consisted of the
drilling of one additional borehole (BH 8) and a dynamic cone penetration test (BH 9) to the
south of the proposed pier location.



Borehole elevations are referenced to Geodetic datum and were supplied by UMA
Engineering. The locations of the boreholes and dynamic cone penetration tests are shown
on Drawings 1878902-A and -B.

Drilling was conducted with Bombardier mounted CME 55 drill rigs. Hollow stem augers
were used to advance the boreholes. Boreholes 2 and 5 for the approach embankments were
terminated within the highest competent stratum. Bedrock was proven by coring in three
boreholes near the proposed structure abutments and pier.

Standard Penetration Tests were performed to sample very stiff to hard cohesive and all non-
cohesive deposits, the accompanying N values being noted in blows/0.3 m. In cohesive strata
and in Borehole 3, relatively undisturbed samples were obtained by pushing thin-walled Shelby

* tubes either manually or hydraulically into the soil. In situ vane shear testing was conducted

using a standard MTO A size vane in the cohesive strata. Remoulded shear strengths were
also measured to determine sensitivity.

Upon completion, water levels were measured in the uncased holes. In Borehole 6, a
standpipe was installed for longer term water level monitoring. The other holes were
backfilled with native soil cuttings. The site was then restored to its original condition. Due
to its proximity to the travelled roadway, no long term water level observation standpipe was
installed in Borehole 8.

Recovered samples were transported to our Don Mills Laboratory for further visual
examination, classification and index property testing such as moisture content, grain size
distribution and Atterberg limits. One consolidation test was performed. The results are
shown on the Record of Boreholes and on Figures 1 to 4, appended.

4.0 SUBSURFACE CONDITIONS

4.1 General

Over most of the site, a dense sandy silt glacial till overlies limestone bedrock. In the
southeast area of the site, the till is overlain by a wedge of clayey silt. The groundwater table
lies within a metre or so of ground surface.

42  Medium Sand (Road Fill)

In Boreholes 2 and 5 for the approaches and in Borehole 8 at the proposed east abutment
location, a brown medium sand with traces of asphaltic concrete is present from the surface
to depths ranging from 1.7 m to 2.1 m below ground surface. The moisture content ranges
from 10 to 25 per cent. A typical grain size distribution curve is shown on Figure 1.

The N values from the Standard Penetration Resistance test ranged from 20 to 4 blows/0.3 m,
generally decreasing with depth, indicating a compact to loose relative density of the road fill
material.



4.3 Clayey Silt

A brown to grey clayey silt deposit was found in Boreholes 3 and 8 at the south corner of the
east abutment. The deposit in Borehole 3 was 5.3 m thick, and in Borehole 8 it was 3.7 m
thick.

The moisture content of this material ranged from 30 to 48 per cent. Atterberg limit test
results (Figure 2) show the soil to be of low plasticity (CL). The moisture content is generally
higher than the liquid limit, indicating a liquidity index of greater than unity.

N wvalues in this deposit ranged from 2 to 7 blows/0.3 m. Field vane tests indicate the
undrained shear strength of the deposit to be over 100 kPa above about elev. 86+ m, below
which the strength decreases to between 45 and 75 kPa around elev. 84+ m. The sensitivity
of the soil ranged between 6 and 8. Based on these observations the deposit is considered to
be very stiff to firm.

One consolidation test on a sample from Borehole 3 is shown on Figure 3. A strict
interpretation of the preconsolidation pressure, using the Schmertmann method, gives a
preconsolidation pressure, p,, of about 200 kPa. However, from visual inspection of the e-log
p curve, the p, value ranges between 150 kPa and 180 kPa. The compression index, C,, is
0.180. The recompression index, C, is 0.02. Since the existing effective overburden pressure
at the location of the sample is about 30 kPa, the clayey silt appears to be overconsolidated
by about 120 to 150 kPa.

4.4 Sandy Silt with some Gravel (Glacial Till)

Below the clayey silt in Boreholes 3 and 8, and the road fill material in Boreholes 2 and 5, and
from surface down in the remaining boreholes, there is a sandy silt with some gravel (glacial
till), with random boulders and cobbles. Typical grain size curves for the sandier portions of
the deposit are shown in envelope form in Figure 4A. Gravelly zones and less silty zones
within this deposit are plotted on Figure 4B. N values in this deposit ranged between 7 and
in excess of 100 blows/0.3 m, generally increasing with depth. The lower N values were
observed within the upper zones of the deposit and may be due to local re-working of the till.
The dynamic cone penetration tests all terminated within this deposit. Based on these N
values, the deposit is considered to be very dense with localized loose to compact zones near
the surface.

4.5 Limestone Bedrock

Limestone bedrock was proven by coring in Boreholes 3, 6 and 7. The core recoveries were
between 70 and 100 per cent. The thinly bedded rock has a magzimum RQD value of 55 per
cent, most values being about 30 per cent. Based on the measured RQD’s the bedrock quality
is very poor to fair.



5.0 GROUNDWATER CONDITIONS
Groundwater observations are summarized below:

Borehole

O ~F OV B U B e

* Not stabilized

W.L. Elev.(m)
874 '
86.8*

874

87.9

87.8

88.4

87.9

86.6

Depth (m)

0.7
2.8
0.4
1.0
1.8
0.4
0.6
3.2

Date

1990 10 03
1990 10 02
1990 10 16
1990 10 04
1990 10 05
1990 11 02
1990 11 02
1991 11 13
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6,0  DISCUSSION AND RECOMMENDATIONS

6.1 General

It is proposed to construct southbound lanes to upgrade existing Highway 16 to a 4 lane
freeway standard, This will entail raising Regional Road 6 (Roger Stevens Drive) and carrying
it across the four lanes of the proposed new Highway by means of a two span underpass. The
centre pier will be located in the area of the west ditching of the present two lane highway.
Regional Rd. 6 is situated at about elevation 90.0 m. The approach fills are expected to be
about 7.0 m in maximum height above prevailing ground surface.

It is presumed that a detour of the present Regional Rd. 6 will be built to facilitate the
construction of the new underpass.

The subsutface conditions comprise a variably thick stiff to firm clayey silt deposit in the south
half or third of the proposed east abutment overlying a generally dense sandy silt glacial till
over limestone bedrock. The glacial till deposit occurs at the surface or just below fill material
at the proposed west abutment and centre pier locations. The groundwater table is situated
within a metre or so of ground surface.

62 Structure Foundation Design

Except for a localized 4 m to 5 m thick compressible clayey silt deposit in the southeastern
portion of the site, the subsurface conditions are generally suitable for the support of the
proposed structure on spread footings,

For the entire structure the design options are:

1L Spread footing support, with complete excavation and replacement of clayey silt.

2. Spread footing support, except for east abutment, which can be supported on piles,
3 Pile support. ,

The selection of an appropriate design option will depend on economic considerations and
regard for long term maintenance consequences. ’

All footings and pile caps should be provided with a minimum earth cover of 1.8 m for
protection against frost action, : :

6.2.1 .Spre.ad Footing Option
For spread footing support, both proposed abutments may be supported on compacted
Granular A (see Figure 5), using the following capacities:

Factored Capacity at ULS 900 kPa
Capacity at SLS Type 11 350 kPa

The Granular A core should be built up from elevation 88.0 m for the west abutment and
from the glacial till stratum at elev. 82 m for the east abutment. Suggestions for the
excavation of the clayey silt at the east abutment location are given in Section 6.6 of this

report.
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The centre pier, placed on spread footings within the sandy silt glacial till deposit at elevation

- 86.6 m, below the prevailing water table, may be designed for the following capacities

(assumed footing width = 4 m):

Factored Capacity at ULS 1000 kPa
Capacity at SLS Type II 400 kPa

The sliding resistance of spread footings may be computed using the following unfactored
values:

Effective Angle of Internal Friction ¢’ 35°
Effective Cohesion Intercept, ¢’ 0 kPa

The unit weight of backfill should be taken as per section 6.3 below.

The total elastic settlement due to compression of the foundation soil below the spread
footings is expected to be less than 25 mm; hence, the differential settlement between the
Granular A supported abutments and centre pier will likely be in the order of 15 mm.

6.2.2 Pile Foundation Option
The abutments and pier of the entire structure, or the east abutment only, may alternatively

be supported on a piled foundation designed for the following axial capacities, for example for
HP 310x110 steel H piles:

Factored Axial Capacity in ULS 1600 kN
Axial Capacity in SLS Type II 1150 kN

Downdrag loads on the piles below the proposed east abutment are not considered to be
significant to warrant lower capacities for the piles penetrating the clayey silt deposit.

Due to the presence of cobbles and occasional boulders at depth, the piles should be driven
with reinforcing toes, using an energy of not less than 50 kJ to achieve the intended axial
capacities.

Pile toes are likely to penetrate to the following anticipated elevations:

West Abutment

North Side  76.3  On bedrock
South Side  76.5 On bedrock

Centre Pier 79.5  Within glacial till -
' use Hiley formula to control pile driving, per MTO practice.
East Abutment

North Side  81.5 Within glacial till - use Hiley formula to control pile driving.
South Side  75.5 On bedrock
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In order to calculate bridge deck support elevations across the proposed east abutment, the
elastic shortening of the piles should be computed using the formula:

Elastic shortening = PL/AE
where:

P = design load;

L == length of pile, interpolated from Section C-C, Drawing 1878902-B, assuming pile
toe to penetrate to bedrock or to depth where N values are >100 blows/0.3 m;

A = cross-sectional area of the pile section chosen;

E = modulus of elasticity of steel

Allowance for a maximum differential settlement of 10 mm should be made between a pile
supported east abutment and a spread footing supported centre pier, the centre pier settling
relative to the pile supported east abutment.

6.3  Earth Pressures

Earth pressures should be computed as per sub-section 6-6.1.2.2 of the OHBD Code. An
unyielding foundation condition should be assumed for a piled foundation and a yielding
condition for spread footing support, in the selection of at-rest or active earth pressure
coefficients respectively. The Granular A or B backfill should be in accordance with MTO
Special Provision No. 109F03 (latest revision).

The following design parameters are recommended for granular backfill to abutments and
wing walls:

Granular A Granular B
Effective Angle of Internal Friction, ¢’ 35.0° 30.0°
Unit Weight (kN/m?®), y 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

The approach grades will be at about elevation 97 m, resulting in fill heights of some 6-7 m.
The stability of such fills was checked using total stress analyses for the case of the east
approach fill above the clayey silt deposit. The analyses show adequate total factor of safety
against deep seated rotational failure, provided the side and forward fill slopes are maintained
at 2H : 1V, or flatter.

The settlement of a 6-7 m high fill at the west approach will occur during placement and will
be negligible after construction.

The presence of the clayey silt deposit below the east approach fill will result in long term
settlements of about 30 mm for a 6-7 m high east approach fill. If the clayey silt soil is
excavated, then settlements will be immediate during fill construction, and negligible
thereafter.



6.5 Construction of Centre Pier

Construction of the centre pier footing will require dewatering. The presence of cobbles and
boulders within the silty sand glacial till deposit precludes the use of sheet piling to serve as
a positive seepage cutoff. For the same reason, and for reasons of cost, well point dewatering
may not be practical.

Therefore, consideration should be given to gravity drainage of the excavation, by making it
larger than the footing. One means of achieving dewatering of the excavation by gravity
drainage is shown on Figure 6. The ditching shown on Figure 6 may be taken all around the
footing, or be left to one side, depending on traffic control and road protection considerations.
As a minimum, the nearest travelled vehicle wheel path should be no closer than the maximum
depth of the excavation ditching, or 2 m, whichever is less.

6.6 Excavation and Backfilling of Clayey Silt

The clayey silt deposit extends vertically below the southern portion of the east abutment and
laterally probably extends below the existing Regional Road 6 pavement (refer Section C-C,
Drawing 1878902-B).

The clayey silt will need to be compietely removed from within a trapezoidal zone, as defined
by the 1:1 sloping lines of Figure 5, extended down to the glacial till stratum.

After construction of the detour for Regional Rd. 6, excavation of the clayey silt should
commence from the north end, working towards the south. There are two methods available
for excavation - one in an cast-west direction, across the abutment footing width, and the other
in a north-south direction spanning the entire length of the abutment footing. The choice
should be left up to the contractor who should submit a proposal of the intended excavation
and engineered backfill scheme for review from a geotechnical view point. Contract conditions
imposed for excavation and backfilling should include:

1. No clayey silt shall be trapped within the limits of excavation defined.
2. Excavation stability shall be maintained at all times.
3. Provisions of the current Ontario Occupational Health and Safety Act relative

to excavations shall be complied with.

4, Granular A backfill shall be accomplished in loose lifts not exceeding 200 mm
in thickness, with each lift being compacted to 100 per cent of the Standard
Proctor density of the material being used.

5. All Granular A placement and compaction shall be in the dry.

The granular fill below the pavement will be stable at temporary slopes of 1:1. The clayey silt
will stand up at 1:1 temporary slopes during excavation to the maximum depth of 6 m, for
excavations left open for not more than 48 hours. Seepage of groundwater from the clayey
silt stratum is expected to be capable of being handled by routine pumping using a submersible
pump, with a minimum capacity of 10 L/s.



The contract should specify that no excavation should be left open overnight or at the end of
a working day.

For quantity estimating purposes, assume the quantity of clayey silt removal to be 1.1 times -
the neat excavation quantity and the Granular A to be 1.25 times the neat excavated quantity,
due to the high probability of loss through contamination and pick-up of previously placed
materials with the excavated material.

The excavated material is not considered suitable for re-use on the project, and should be
disposed off.

6.7 Recommended Option

There are numerous problems associated with the excavation of the clayey silt, including not
only the consideration of how a 6 m deep hole will be backfilled and compacted with Granular
A without encountering severe difficulties, but also through considerations of:

- danger to equipment and workers from potential instability of the excavated side slopes;

- disposal of the clayey silt, which has a liquidity index of greater than unity;

- field control of compaction achieved;

- ensuring all softened material has been removed from within the specified excavation zone;

- Falsework support considerations (the falsework can not be situated within 5 m of the
nearest excavation boundary).

Therefore, supporting the cast abutment on a piled foundation is the preferred alternative.
The decision to use piling also for the central pier (to avoid large excavations and dewatering
problems) and for the west abutment will depend on economic and structural design
considerations, which are beyond the scope of this report.

70  CLOSURE
The drilling was supervised by A. C. Abel. Drill rigs were rented from F. E. Johnston and
Marathon Drilling companies, Ottawa.

Several reviews of this report have been conducted between initial issue and this submission.
We are grateful for the many constructive suggestions received in its finalization.

Respectfully submitted:
STRATA ENGINEERING CORP.

A. C. Abel, M. Sc.
Project Engineer

C. Mirza, P. Eng.
Senior Principal

Report Distribution:

UMA Engineering 15 copies
Strata File E-90-037C 1 copy
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EXPLANATION OF TERMS USED IN REPORT
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VERY LOOSEY LOOSE | COMPACT | DENSE |vERr DENSE

ROCKS. ARE DESCRIBED 8Y THEIR COMPOSITION AND STRUCTURAL FEATURES AND 7 OR STRENGTH,

RECOVERY

| rao%) 0 -25 25 - 50 50 - 73 75 - 90 90 » 100
VERY POODR| POOR FAIR GO0 | EXCELLENT
{0INTING _é"!PJﬁ!P!.Nﬁ;
SPALING 50mm | 350 « 300mm| 0, Im « Im=-3m | =dm
IOINTING  {Veer CLose|  €lose | Moo, CLlosEl  wiDE VERY WIDE
SEDDING VERY THIN THIN MEDIUM THICK | VERY THICK]

T SUM OF ALL RECOVERED ROCK CORE PIECES FROM A CORING RUN EXPRESSED AS A PERCENT OF THE TOTAL LENGTH OF THE CORING RUN,

SUM OF THOSE INTACT CORE PIECES, 100mm» IN LENGTH EXPRESSED AS A PERCENT OF THE LENGTH OF THE CORING RUN,

THE ROCK QUALITY DESIGNATION |R Q D), FOR MODIFIED RECOVERY, 15}

ABBREVIATIONS AND SYMBOLS

FLELD SAMPLING

MECHANICAL PROPERTIES OF SOIL

54 SMIT SPOON TP THINWALL PISTON m,  keg"
W5 WASH SAMPLE ©5 OSTERSERC SAMPLE €, i
§ T SLOTTED TUBE SAMPLE RC ROCK CORE &, !
B85 BOCK SAMPLE P H TW ADVANGED HYDRAULICALLY Cq 1
L5 CHUNK SAmME P M TW ADVANCED MANUALLY cv mzl's
T W IHINWALL OPEN E S FOIL SAMPME H m
1, i
STRESS AND STRAIN u A
v, kPo  PORE WATER PRESSURE a,, ro
t 1 PORE PRESSURE RATIO a (]
o kfa TOTAL NORMAL STRESS , ke
o’ kpa EFFECTIVE NORMAL STRESS ¢’ kpa
T kPo  SHEAR STRESS ¢ -
& .5 kPa  PRINCIPAL STRESSES ¢y kpa
€ % LINEAR STRAIN by -*
o€y 1y % PRINCIPAL STRAINS 1 kra
kg MODULUS OF LINEAR DEFORMATION 'l‘r kPa
o kro MODULUS OF SHEAR DEFORMATION s 1
B ' COEFFICIENT OF FRICTION !
PHYSICAL PROPERTIES OF SOIL
P, kg/m® DENSITY OF SOUD PARTICLES e L% VOID RATIO
Y, knfmd UNIT WEIGHT OF SOUD PARTICLES o 1% POROSHTY
&, kg/m® DENSITY OF waTER w 1.4 WATER CONTENT
Yy kn/m' UNIT WEIGHT OF WATER S, % DEGREE OF SATURATION
P kg/m® pENSITY OF SON w3 UouID LMt
Y kn/m uNIT WEIGHT OF SOR wo % PLASTIC UMt
2 kg/m® DENSITY OF DRY SO1L wg % SHRINKAGE umiT
)3 KN/ UNIT WEIGHT OF DRY SOIL s % PLASTICITY INDEX =W « Wy
Por ka/m® DENSITY OF SAtuRATED SOW \ | LIOUIBIY INDER ¢ “'; wp
Vgt KN/MY UNIT WEIGHT OF SATURATED SO LAV
P kg/md DENSITY OF SUBMERGED SOIL e ! CONSISTENCY INDEX: "L«‘,‘:“'
Y’ kN/m' UNIT WEIGHT OF SUBMERGED 501 max B VOID RANIO IN LOOSEST STATE

COEBFFCIENT OF VOLUME CHANGE
COMPRESSION INDEX

SWELLING INDEX

RATE OF SECONDARY CONSOLIDATION
COEFFICIENT OF CONSOUDATION
DRAINAGE PATM

TIME FACTOR

DEGREE OF CONSOLIDATION

EFFECTIVE OVERBURDEN PRESSURE
PRECONSOLIDATION PRESSURE

SHEAR STRENGTH

EFFECTIVE COMESION INTERCEPY
EFFECTIVE ANGLE OF INTERMAL FRICTION
APPARENT COMESION INTERCEPT
APPARENT ANGLE OF INTERNAL FRICTION
RESIDUAL SHEAR STREMGTH
REMOULDED SHEAR STRENGTH

SENSITIVITY & wiln
Ty

€oin 1% VOID RANIO N oﬁ?sesr s:amf
1 1 DENSITY INOEX 2B T
Do mm c:!MN DMMD:TSR Fmax = Smin
O, mm n PERCENT » DIAMETER
LT UNIEQRMITY COEFFICIENT

h m HYDRAUTIC HEAD OR POTENTIAL
4  m/s  RATE OF DISCHARGE

v mls  DISCHARGE VELOCITY

i ¥ HYDRAULIC: GRADIENT

k m/1  HYDRAULIC CONDUCTIVITY

k/m’ SEEPAGE FORCE
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RECORD OF BOREHOLE Nol

METRIC

we 187-89-02 LOCATION _N: 5 000 806 ; E: 369 238 ORIGINATED BY S:8:
pisy 9 Hwy 416 BOREMOLE TYPE llollow Stem Auger, Dynamic Cone Penetration Test  COMPILED 8Y A. XK.
DATUM etic DATE 199010 02 CHECKED 8Y  CuMus
JovnaMmiC CONE PEMNETRATION
SOIL FROFILE SAMPLES 1 | % RESISTANCE PLOT masne e
gz W s Montuey YT B O REMARKS
= w 20| ® 20 40 &0 80 100 conteny z= 5
[} E. i e ) L i ) 1 Wp W W, o W
Lev DESCRIPTION z 8| ¢ 2 235 5 SHEAR STRENGTH &Pa o im it 2 D%’?gui‘éz
ﬁievm - il B2 ”g % |o UNCONFINED  + FIELD VANE y 1BUTY
g z 1z g” & | ouck reaxaL  x 1aB vang WATER CONTENT {%) (%}
a8.1 | Ground Supface A : ... 0 o2 GR SA S CL
0.0 11, BE.0 \— — ==
Sandy Silt gz W, 1. o
Some Geavel . X 1990 10 03
(Glacial Till) T i tes L %7.0 \ o
Compact Xl
d12iss |23 N\ 6 11 31 {58)
4 86.0 =
11
e 4
Brown T3 lss 18 } ¢
5.0
’
14 lss 119 I~ o
DR | & : I~
. DR TRA T s Them. 44.0 o 11 37 (51)
Very Dense i )
e lss| o °
41 21,0
Grey 1.
“1n
I 82.0
H117 {85 L0 °
1.4 Al
6.7 { ¥ of borehole

e 9 Num‘i?lll refer 1o
Sansirivity

0
15 5 (") STRAIN AT FARURE
9
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[+
RECORD OF BOREHOLE No2 METRIC
we __ 187-89-02 LOCATION (N2 5 000 809 e 369 258 ORIGINATED BY 8- 8.
IST 2 Hwy 416 BOREHOLE Type lollow Stem Auper comPiLED BY _AK,
pAtuM ... Geodetic ‘vare 1990 10 02 CHECKED By &M
o wt | OYNAMIC CONE PENETRATION
SO PROFILE sampies | 2 |esiiace o mastie 5908 vooo| % | cemanes
- §Czn a 20 40 60 80 1op |'Mt cowrenr iy 5O
O m ud L ) i ) 1 W w W, e B &
#lul wl] Bles]| B p h b
LEV RIPTION al ¥l 2|%8| 8 SHEAR STRENGTH kPo ian st GRAIN SIZE
DEPTH DESC 1Bl Z | S |38 5 |ounconmned v reDVANEL o conrennil Y DISTRIBUTION
312 5 | &Y Z |eouck reaxa x 148 vane WATER CONTENT {%) %1
89.6 | Ground Sucface v ¥ d 10 20 30 GR SA 51 CL
0.0 Medium Sand N
Tr.Agsphaltic Concratg »
{Road Fill) g 89.0
Compact to Loose 55| 20 i 0 79 (21)
Browa 58 4 88.0 -
87.5
2.1
Sandy Silt . ,
. o W.L, on
Some Gravel Ss L Th oy (870 1990 10 02
(Glacial Till) |}
Loose to V.Dense B4 ! 851 30 {
__Efa“ﬂ*.......z..,' 86.0
"; gs | 2% o 25 30 {45)
Gray 85.0
8.6 i 1|6 | 85| 85 N
5.0} End of Borehole

‘3' %3 : Numbaers rafer to
Sensitivity

0
IS 45 (%) STRAIN AT FAILURE
4}
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| RECORD OF BOREHOLE No3 METRIC
W P _187=80-02 wocanion __N: 5000 778 & E: 369 249 oRiGINATED BY S:5
st 9 HWY 416 BOREHOLE Type Nollow Stem Auper ani ne Denetration Test COMPILED 8Y AuKa
patum ___Geodetic pare . 1990 10 03 CHECKED BY Culle ..
o W JDYNAMIC CONE PENETRATION
SO PROFILE SAMPLES E"z' 5 RESISTANCE PLOT naIne Nonree UouD ,..E REMARKS
Ly CONTENT  LIMIT ()
- w201 ¥ 20 40 40 80 100 zZ- %
Qe P13 > | s i ! L Wp w W, ag
ELEV OESCRIPTION & ‘é’, w g 28| @ SHEAR STRENGTH WPa R —— G:Am SIZE
EPTH - 1 g 5| 5 |ounconrmep  + FieLD vanE . DISTRIBUTION
1207 1|, "86” S 1o Quick rraniAL  x tAB yang |WATER CONTENT (%) y {%)
678 | cron | suefan 5 z = 20 40 60 A0 100 10 20 W |kN/mar sa 81 cL
0.0 c L1 W, Loon
laye ilt % . b
ayey Si } .2 \ 1990 10 16
V.Stiff to Stiff {1 87.0 ng
——
Al {5513
’
Brown Al 2iss | 2 6.0 w
/ﬁ
Lo N 1-—--“
A
113188 5 85.0 L3
4 TR - 19.3 Lonsol.
11alr > fest Fig.)
Grey A
,’ 84,0 §
rs
A
re L
48
] s lw {om 73,0 L 7
82.5 )
5.3
Ji61iss 130 o
Sandy Silt g a2.0
Some Gravel 1
L 7 lss 20 °
(Glacial Till) . #1.0.
¥
80,0 s
Gompact to V.Densel||]8 {88 133 13 39 (48)
i 9.0
ERE LY $
. 8.9
Grey 4|
'G
of 1 710
JHO 188 175 o
0
- . 76.0
75.4 4 ’W 5247 . 5cm. b
12.4 % X | Rec
Limestone Bedrock Zal?. we | 94% 75.0: ROGD » 54%
\Zi
74.0
o) ,
13 I8 g ROL =
ey
px | Rec
72.4 Z?)M RG | H6% 73.0 RQD = 53%
15.0 End of Borehole

+3, x5+ Numbers refer to
Sunsitivity

20
15 4 5 (") STRAIN AT FAILURE
10
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Citars
RECORD OF BOREHOLE Nod4 METRIC
wp  187-89-02 LOCATION N: 3 000 785 :  E: 369 201 ORIGINATED BY 58
sy 9 Hwy___A16 BOREHOLE TYPE Uollow Stem Auger, Dynamic Cotie Penetration Tear ... COMPLED BY . AL K.
oarum leodetic pArE 1990 10 04 CHECKED BY Calls
DYNAMIC CONE PENETRATION
SOR PROFILE SAMPLES 1%, | 3 SIS TANICE PLGY ' T S -
5| % 20 40 60 80 too WM cowrewt Ll 5O
8 o w 3;: 4 i N i Il Wp w W\ :,m &
el ocaonon  |S|5| 3|3 (23| & [Fear e v ) e | T | st
1 5l =142913 -
{1 > O UNCONFINED * FIELD VANE
° HEIRRE gs 2 1o quick Tmanat  x 1as vane | WATER CONTENT (%) 14 {%}
88,9 | Ground Surface ] £ = 10 20 GR 54 51 €L
0.0 7.
Sandy Silt L1+
(Gfume vael) ;A
acial Till - "
11ss]2s] ¥ | 880X 3 7 35 (58)
Compact * W. L. on
Brown 1990 10 04
41421551 14 R
RS . 5 87.0 N\
Ili3]lss] o
o 86.0
R o]
Very Dense KRN hiss) 2
Hi 85.0
L
11151 88 |52 84.0 2 17 34 (49}
.0
Gre 1"
) y " 831.0
116 | 85 192 e
A
/ 7 | ¥ Boulider 82.0
il
Gravelly Zone |48 | ss |00 81.0 . 41 33 {26)
.
ik 80.0
19,3 1o | 38 [120 9
9.6 gnd of Borehole

+3, o5 ; Numbars refgre to

Sansitivity

10
15 35 (%) STRAIN AT FAILURE
10
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Gty
RECORD OF BOREHOLE No5 METRIC
w b __187-89-02 LOCATION _N: 5 000 742 ; E: 369 162 ORIGINATED BY 28
pist 9 Hwy __Al6 BOREHOLE TYPE llollow Stem Auper, coMPILED BY ALK
paTUM Geodetic parg _19% 10 05 CHECKED By CuMe
pot W JOYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & g | § |FsNce Hor T Y .
- w36 % 30 40 60 80 00 [T cowewr wmr ) 54 s
O e W = 1 i N 1 rl W w W, g
ELEV 2lul w| 2125 & [shear srrenctn who e | 7% | oRAm sizE
DEPTH DESCRIPTION NEIR- g 8‘% = lo unconsneo + FIELD VANE TER CONTENT y DISTRIBUTION
31z 5 |EC] & |eouox rmacaL  x wab vane WATER CONTENT (%) {%)
89.6 |Ground Surface & £ o 10 20 30 GR SA Si CL
0.0 Madium Sand N
Tr.Asphaltic Comctrdtd)
{Road Fill) >'< 89.0
Compact VOl I I I d
88,1 Beown e
1.5 s REp 88.0
Sandy Silt ) . W. L. on
Some Geravel Jelz |ss |14l X P 1990 10 05
(Glacial Till) ] '
Compact to V. Denselllis |85 |2t 87.0 12 30 (50
86.% Brown i " 5cm
3.1 | End of Bocehols

%

3 w3 s Numbary refer to
Sunsitivity

20
15 45 {"%) STRAIN AT FAILURE
10
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Oviaricy
RECORD OF BOREHOLE Nob METRIC
w P 187-89-02 LOCATION _N; 5 000 747 : E: 369 183 ORIGINATED BY _AsA.
[V15.3 Q.. Hwy _Aals BOREHOLE tvpt Hollow Stem Auger, Dynamic Cone Pepetration compPiLed By ALK,
patum _Geodetic pare . 1990 10 30 : cHeckeD v SoMn
DYNAMIC CONE PENETRATION
SO PROFIE SAMPLES g“" 3 RESISTANCE  PLOT HASHIC ontue i *-?5 REMARKS
= NER: 20 a0 s0 s0 00 | cowt M| ZE s
e o - ) L o h
ELEV iyl w3 %% 3 [SHEAR STRENGTH WPa Voot £ o?;r‘;"?uﬂéin
BEpTH DESCRIPTION 2l Z 1 2123581 5 lounconaneo  + e vane y
T 5
DEPTH 3 -1 B §8 £ e ouick thamaL  x 148 vang |WATER CONTENT (%) {%)
BS.8 | Grownd Surface =3 £19 o 10 20 30 GR SA 51 CL
0.0 - 3 Wu -
Sandy Silt . L““‘“*Wm_._ 1990L10°gx
Soma Gravel RN S ma—
(Glat‘:ial Till) _' ] ‘gg 0k sednl. | 88,0 g
| P 7] Seal
¥ e
Brown ALRERECRIEN 87.0
- E "SR fid g
TR e o T ki 16 36 {48)
4
11.]4 1Bx jRoulded | es.0
Compact to V. Densei.
;‘
My #5.0
Jds Iss | 14 o
fandomly placed A
Boulders o]+
L 3 59 84.0
{.) 7 | Bx |poutfier
T8 1785 123/ bug, 3
(: 9 1Y poulfer 81,0
1 —
N 10 1es in8/) p
A 22,0
Gerey A
’. . = ELOOEL S e o
BN 81.0
AN
C' 112] bx_soutfer
i 20,0
’ L ] *
{1l ss | s8 9
. 79.6
s
saﬂdy ZOH‘E 11 14 SS 60 73‘0 o ’.3 69 (13’
Nl 77.0
76.5 '4 . " po"
12.3 Yo | X D =
Limestone Bedrock Zizls o T
¢ T6.0 - 55%
16 | e bosz RQD
M7 | X Rec RQD ~ 472
ZD” we fon
[~ ‘ 75.0
QZ X Rec % 0
» H =
N lee sz | RQ
73.9 Z?' " 1,0

Frrdof TOTENOTY

W0
+3, %% Numbers vefer 1o 45 o 5 (o) STRAIN AT FANURE
Sensitivity 10
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Sheet 1 of 2
RECORD OF BOREHOLE No7 METRIC
w p _187-89-02 LOCANION JNi.5 000 767 2 E: 69 175 ORIGINATED 8Y AN
pist .2 Hwy_. 416 BOREHOLE Type lollow Stem Auper COMPILED 8Y AK.
parum Geodetic parg . 1990 11 01 CHECKED 8Y CuMu. .
o wr JOYNAMIC CONE PENETRATION ,
SOIL PROFILE SAMPLES E'Q § RESISTANCE FLOT "2 RASHE ::s'.'s'r'u‘:e v NE REMARKS
v w | 20 20 40 0 80 00 |VMF  comtent vty 5O L
9 o et} at o H L d 4 L Wop w W 3§
ELEV DESCRIPTION & % w § Zg © |SHEAR STRENGTH LPa rsin D(l;s;:'?%'? g‘éix
DEPTH 1512 % o vnconamen + FIELD VANE {BUTY
'?:‘Z 21712120 2 leoucx rmana x 148 vane WATER CONTENT (%)| 7 (%]
58.5 | Geowd Sueface = il B R GR A 51 CL
0.0
Sandy Silt 1 1 8l 0 W.ls OB
Some Gravel o* 1990 11 02
dltins |2 9
(Glaeial Til1) H
;,) 2 18%  Dewsicor 7.0
Brown :'_
dd 3 1es 114 86.0 16 37 4N
Compact to V. Dense|ll
Tl 85.0
(112 _fox_boulder
Randomly placed ||, 5188 |91 p
Boulders - 84.0
'y)
(1 6 (BY Boulfler | .o
15 0ss {52/em 3
é
H 13 Ipx (uouljler 52.0
\L L/ ] ’
Grey R o Sl wva N °
NER 1.0
¥
ZL] wiox |ooullier | 49.9
#] ]
‘BT ng-vm@r:m.. ™
e 79.0
‘I 78.0
| EREsE=e0E Som
- il
o] § 7.
J113p 88175 0
76.3
12.2
Limestone Bedrock J14 oy |Rec 76.0
ROD = 25%
®#C JOO%
[
R 5.0
BX IR
@ls ol e RQD = 37%
E 74.0
73.5 {Cont. on Sheet 2 I~
15.0

+3, P Numbar‘s refer to
Sunsitivity

20 ‘
15 &5 (") STRAIN AT FALURE
10
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ol
Ontiio .

Steet 2 of 2

RECORD OF BOREHOLE No7 contd

METRIC

w p _187-89-02 LOCATION _N: 5 000 767 . E: 369 175 ORIGINATED BY ALA,
pisT 9. Hwy_ %16 BOREHOLE Type Hollow Stem Auger COMPILED BY A.K.
pATym _ Geodet jc DATE 1990 11 01 CHECKED BY _C.M
SOIL PROFILE AMPLE « Wi JDYNAMIC CONE FENETRATION
. 5 5 Ly 8 RESISTANCE  PLOT masne AR o] L E REMARKS
- w361 9 20 40 80 80 g0 |UWT comrma Lairg 54
Of e b bt y i f i } W W W, Sw &
fre) Sla% 4 P t z
‘%LV- DESCRIPTION sle ¥ z12¢1 ¢ SHEAR STRENGTH kPa A GRAIN 51ZE
peEpTH w 5| T | S |38 G [ounconameo v rieovaNel oo e y |DISTRIBUTION
Sz 5 | 89| & | owex vraxar  x as vane ¥ ENT (%) %)
131,5iCont. from Shest 1.1 : w GR 5A 51 CL
15.0 L(,é
55‘6 5% | Ree 3.0 "
* D = 56%
RC LOO%
72.5 N
{6.0]End of. Borehole

+3, %3 Numbers reter 1o
Sansitivity

20
1545 (%) STRAIN AT FALURE
10
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Gniaria
RECORD OF BOREHOLE No?9 METRIC
WP 187-89-02 LOCATION N2 5 000 757.0 E: 369 208.0 ORIGINATED BY QLN
DIST 0. HWY_416 _  ____ BOREWOLE TYPE _Dynemic Cone Penetration Test COMPIED BY _A.A.
oAtuM _Geodetic pare 1991 11 12 CHECKED 8Y _CuM,
p a w OYNAMIC CONE PEMETRATION .
SO PROFILE S5AM xgs u g RESISTANCE PLOT " Ihastc womner Lous m:’; REMARKS
= . |38 ¥ 20 20 6o 80 igo [T content wwR oo s
Olel | &8 = A v PV W Wp W w | 5@
CLEv DEsCRIPTION IR EREL & [sHEAR STRENGTH WPo . | 3 Shain size
IpepTHl w1E| Z 1S 186 % lounconsmen  + mEw vane y 1BUTI
gz " - gu 2 1o quick rmaniaL  x 1A vane | WATER CONTENT (%) %}
88.9| Ground Surface A £ o GR 34 51 CL
0.0 o |
Probable Sandy Silt [ |
with Geavel ot 8.0 \
(Glacial Tit) LI N
o]«
e W""“"ﬁm
. N o
A% 87.0
#6.6 o,
2.3 End of Conetest
20
o3, x5 Numbers refer to (g 0 o vy sTRAIN AT FAILURE
Sensitivity o
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UNIFIED SOIL CLASSIFICATICON SYSTEM :
SAND GRAVEL
CLAY & Sur Fine ] Medium | Coorse Fine Coarse
GRAIN SIZE IN MICROMETERS MINISTRY SIEVE DESIGNATION { Metric)
4 2 3 45 o 20 30 4030 ryum 1B0um I0Gum 600um LiHemm  2.36mm . S5mm O mm 3Z5mm  53.0mm
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VOID RATIO e

VOID RATIO e

VOID RATIO-PRESSURE CURVES

B H 3
SAMPLE 4
DEPTH 33m
R ELEY 84.5m
0.2 ‘1 WL 2 31.0%.
1] Wp = 20.0%
0.80 el !1«: W o= 29.0%
| x
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B H
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WL 2
WP x
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i 10 100 1000 10 000
PRESSURE kPa
Fig 3 . WP 187-89-02
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7812 M
UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY & sur Fine ] Medium [ Coarse Fine ] Coarse
GRAIN SIZE N MICROMETERS MINISTRY SIEVE DESIGNATION | Metric}
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LONGITUDINAL  SECTION
1-REMOVE TOPSOIL &/OR SOFT SUBSOIL UNDER AREA OF COMPACTED GRANULAR "A’ & EARTH FILL.
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CURRENT M TC STANDARDS.

3- CONSTRUCT CONCRETE FOOTING.
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FOUNDATION INVESTIGATION REPORT
for
Regional Road 6

W.P. 187-89-02, District 9, Ottawa
Highway 416, Str. Site: 3-576

1.0 INTRODUCTION

Strata Engineering Corp. has been retained by UMA Engineering Ltd. to carry out a
foundation investigation for the crossing of the proposed southbound lanes of Highway 416
and Regional Road 6 (Roger Stevens Drive). 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 in accordance with the requirements of the Foundation Design Section of
the MTO.

This report, which follows a letter report dated 1991 01 23, complies with these terms of
reference.

2.0  SITE AND GEOLOGY

The site is located approximately 30 km south of Ottawa along Highway 16. The location of
the site is shown on the key plan in Drawing 1878902-A, appended.* The centre line of the
new southbound lanes will be located some 30 m west of existing Highway 16. Therefore, the
underpass to carry Regional Road 6 across the new highway will be a two span structure with
abutments located to the east and west respectively of the existing highway and the proposed
southbound lanes of the new highway The proposed centre pier will be situated west of the
west shoulder rounding of the existing hlghway, which has been widened at this intersection
to accommodate turning lanes.

The site lies within the physiographic area known as the North Gower Drumlin Field. The
drumlins have a north-south orientation. The area has been inundated by the Champlain Sea
which has caused the drumlins to be covered with a mantle of marine soil, predominantly silt
and Leda clay. Bedrock in this area has been mapped as magnesium limestone to dolostone
of the Oxford Formation, Lower Ordovician age.

3.0  FIELD AND LABORATORY WORK

The field work was carried out in two phases. The initial mvestlgatxon was conducted between
1990 10 02 to 1990 11 01, and consisted of the drilling of seven boreholes, five of which were
accompanied by a dynamic cone penetration test. Four boreholes were drilled at the comners
of the proposed abutments and one near the centre pier. The remaining two boreholes were
drilled away from the structure to provide information for the approach fills. The second
phase of the investigation, from 1991 11 12 to 1991 11 13, was conducted in order to more
completely define the soil stratigraphy at the east abutment location. It consisted of the
drilling of one additional borehole (BH 8) and a dynamic cone penetration test (BH 9) to the
south of the proposed pier location.

* Sheet No 144 of the Contract Drawings.



Borehole elevations are referenced to Geodetic datum and were supplied by UMA
Engincering. The locations of the boreholes and dynamic cone penetration tests are shown’
on Drawings 1878902-A and -B. *

Drilling was conducted with Bombardier mounted CME 55 drill rigs. Hollow stem augers
were used to advance the borcholes. Boreholes 2 and 5 for the approach embankments were
terminated within the highest competent stratum. Bedrock was proven by coring in three
boreholes near the proposed structure abutments and pier.

Standard Penetration Tests were performed to sample very stiff to hard cohesive and all non-
cohesive deposits, the accompanying N values being noted in blows/0.3 m. In cohesive strata
and in Borehole 3, relatively undisturbed samples were obtained by pushing thin-walled Shelby
tubes either manually or hydraulicaily into the soil. In situ vane shear testing was conducted
using a standard MTO A size vane in the cohesive strata. Remoulded shear strengths were
also measured to determine sensitivity.

Upon completion, water levels were measured in the uncased holes. In Borehole 6, a
standpipe was installed for longer term water level monitoring. The other holes were
backfilled with native soil cuttings. The site was then restored to its original condition. Due
to its proximity to the travelled roadway, no long term water level observation standpipe was
installed in Borehole 8.

Recovered samples were transported to our Don Mills Laboratory for further visual
examination, classification and index property testing such as moisture content, grain size
distribution and Atterberg limits. One consolidation test was performed. The results are
shown on the Record of Boreholes and on Figures 1 to 4, appended.

4.0 SUBSURFACE CONDITIONS

4.1 General

Over most of the site, a dense sandy silt glacial till overlies limestone bedrock. In the
southeast area of the site, the till is overlain by a wedge of clayey silt. The groundwater table
lies within a metre or so of ground surface.

4.2 Medium Sand (Road Fill)

In Boreholes 2 and 5 for the approaches and in Borehole 8 at the proposed east abutment
location, a brown medium sand with traces of asphaitic concrete is present from the surface
to depths ranging from 1.7 m to 2.1 m below ground surface. The moisture content ranges
from 10 to 25 per cent. A typical grain size distribution curve is shown on Figure 1.

The N values from the Standard Penetration Resistance test ranged from 20 to 4 blows/0.3 m,

generally decreasing with depth, indicating a compact to loose relative density of the road fill
material.

* Sheets No 144 and 145 of the Contract Drawings.



4.3 Clayey Silt

A brown to grey clayey silt deposit was found in Boreholes 3 and 8 at the south corner of the
east abutment. The deposit in Borehole 3 was 5.3 m thick, and in Borehole 8 it was 3.7 m
thick.

The moisture content of this material ranged from 30 to 48 per cent. Atterberg limit test
results (Figure 2) show the soil to be of low plasticity (CL). The moisture content is generally
higher than the liquid limit, indicating a liquidity index of greater than unity.

N values in this deposit ranged from 2 to 7 blows/0.3 m. Field vane tests indicate the
undrained shear strength of the deposit to be over 100 kPa above about elev. 86+ m, below
which the strength decreases to between 45 and 75 kPa around e¢lev. 84+ m. The sensitivity
of the soil ranged between 6 and 8. Based on these observations the deposit is considered to
be very stiff to firm.

One consolidation test on a sample from Borehole 3 is shown on Figure 3. A strict
interpretation of the preconsolidation pressure, using the Schmertmann method, gives a
preconsolidation pressure, p,, of about 200 kPa. However, from visual inspection of the e-log
p curve, the p, value ranges between 150 kPa and 180 kPa. The compression index, C, is
0.180. The recompression index, C,, is 0.02. Since the existing effective overburden pressure
at the location of the sample is about 30 kPa, the clayey silt appears to be overconsolidated
by about 120 to 150 kPa.

4.4 Sandy Silt with some Gravel (Glacial Till)

Below the clayey silt in Boreholes 3 and 8, and the road fill material in Boreholes 2 and 5, and
from surface down in the remaining boreholes, there is a sandy silt with some gravel (glacial
till), with random boulders and cobbles. Typical grain size curves for the sandier portions of
the deposit are shown in envelope form in Figure 4A. Gravelly zones and less silty zones
within this deposit are plotted on Figure 4B. N values in this deposit ranged between 7 and
in excess of 100 blows/0.3 m, generally increasing with depth. The lower N values were
observed within the upper zones of the deposit and may be due to local re-working of the till.
The dynamic cone penetration tests all terminated within this deposit. Based on these N
values, the deposit is considered to be very dense with localized loose to compact zones near
the surface.

4.5 Limestone Bedrock

Limestone bedrock was proven by coring in Boreholes 3, 6 and 7. The core recoveries were
between 70 and 100 per cent. The thinly bedded rock has a maximum RQD value of 55 per
cent, most values being about 30 per cent. Based on the measured RQD’s the bedrock quality
is very poor to fair. '



5.0 GROUNDWATER CONDITIONS
Groundwater observations are summarized below:

Borehole

00~ Ov b B B =

- Not stabilized

W.L. Elev.(m)

87.4
86.8*
87.4
87.9
87.8
88.4
87.9
86.6

Depth (m)

0.7
2.8
0.4
1.0
1.8
0.4
0.6
32

Date

1990 10 03
1990 10 02
1990 10 16
1990 10 04
1990 10 05
1990 11 02
1990 11 02
1991 11 13



7.0 CLOSURE
The drilling was supervised by A. C. Abel. Drill rigs were rented from F. E. Johnston and
Marathon Drilling companies, Ottawa.

Several reviews of this report have been conducted between initial issue and this submission.
We are grateful for the many constructive suggestions received in its finalization.

NOTE: The preceding report is a copy of the factual information from the
Foundation Investigation and Design Report prepared by Strata
Engineering Corp. (consulting geotechnical engineers for this
project), and signed and sealed by C. Mirza, P. Eng. The project
was carried out under the technical supervision of UMA Engineering
Ltd., the supervising consultant for this project.

D. Dundas, P; Eng.
Sr. Foundation Engineer
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FOUNDATION INVESTIGATION REPORT
for
Steven Creek Bridge

W_P. 187-89-03, District 9, Ottawa
Highway 416, Str. Site: 3-356/2

1.0 INTRODUCTION

Strata Engineering Corp. has been retained by UMA Engineering to carry out a foundation
investigation for the crossing of the proposed southbound lanes of Highway 416 and Steven
Creek. 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, which follows a letter report dated 1990 12 20, is submitted in compliance with
these terms of reference.

2.0 SITE AND GEOLOGY

The site is located in Rideau Township, some 35 km south of Ottawa along Highway 16. The
location is shown in the key plan on Drawing 1878903-A, appended.* The proposed bridge
centreline is approximately 30 m west of the existing 20 m single span structure on Highway
16. At this location Steven Creek is approximately 12 m wide and 3 m deep. The flow is in
an easterly direction towards the Rideau River. The south approach to this site is flat and
clear of vegetation. The north approach is bush covered. A tributary stream flows from the
northwest to join Steven Creek to the west of the existing bridge.

The site lies within the physiographic area known as the North Gower Drumlin Field. The
drumlins have a north-south orientation. The area has been inundated by the Champlain Sea
which has caused the drumlins to be covered with a mantle of marine soil, predominantly silt
and Leda clay.

Bedrock in this area has been mapped as magnesium limestone to dolostone of the Oxford
Formation, Lower Ordovician age.

Due to the undulating nature of the topography there are springs within the area. Water
enters the soil in high ground, usually a glacial landform where the mantle of marine soil is
relatively thin. Springs are frequently found where erosion has removed much of the cohesive
overburden material. Artesian pressures exist at depth.

3.0 FIELD AND LABORATORY WORK

The field work, carried out between 1990 10 22 and 25, consisted of the drilling of six
boreholes, each accompanied by a dynamic cone penetration test. Four boreholes were drilled
at the corners of the proposed structure. The other two holes were drilled for the north and
south approach fills. The borehole elevations, referenced to Geodetic datum, were supplied
by UMA Engineering. The locations of the boreholes are shown on Drawing 1878903-A.*

* Sheet No 161 of the Contract Drawings.
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Drilling was performed with bombardier mounted CME 55 drill rigs. Hollow stem augers
were used to advance the boreholes. Boreholes 1 and 6 for the approaches were terminated.
within the highest competent stratum. Boreholes 3 and 4 for the structure were terminated
at auger refusal. Bedrock was proven in Borehole 5 by diamond coring. It was intended to
prove bedrock in Borehole 2, however artesian conditions required its premature termination.

Standard Penetration Tests were used to sample very dense or non-cohesive strata. In
cohesive strata relatively undisturbed samples were obtained by pushing thin walled Shelby
tubes either manually or hydraulically into the soil. After the recovery of each thin walled
tube sample standard MTO A size vane tests were carried out to measure the undrained shear
strength. Remoulded strengths were also determined to assess the sensitivity of the soil.

Upon completion of each borehole, water levels were measured in the uncased hole.
Boreholes 1, 5 and 6 were backfilled with native soil cuttings. Bentonite sealed perforated
standpipes were installed in Boreholes 3 and 4. The water level in these boreholes was
monitored over a period of a week.

Borehole 2, in which high artesian pressures were present, was sealed with a polymer additive
to stop the flow. Considerable difficulties were encountered in stemming the flow of water.
Initial attempts resulted in the water finding a new path to the nearby cone test location, and
upwards of two days were required to effect proper closure of all artesian conditions near this
borehole. :

Recovered soil samples were transported to our Don Mills Laboratory where they were
visually examined and classified. Tests for index properties such as moisture contents,
Atterberg Limits, and grain size analyses were performed on selected samples. Unconfined
compression tests were conducted on seven of the thin walled samples. One consolidation test
was also performed. The test results are given on the Record of Boreholes and on Figures
1 to 4 in the Appendix.

4.0 SUBSURFACE CONDITIONS

4.1 General

The soil stratigraphy consists of silt with trace organics overlying a sensitive silty ciay to clay
deposit above a silt stratum. The silt is underlain by a very dense sand and gravel glacial till.
Limestone bedrock is fractured.

Details are provided below.

4.2 Silt, Trace Organics

Where present, there is some 400 mm of topsoil. Closer to the banks of the creek there is up
to 1.4 m of brown silt with trace of organics. The moisture content ranged from 22 to 36 per
cent. N values ranged from 2 to 17 blows/0.3 m indicating the consistency to range between
soft and stiff.
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4.3 Silty Clay to Clay
A silty clay to clay deposit was found below the topsoil or surficial silt with trace of organics. -
Its thickness varied from 6.2 m to 9.1 m, with its base between 76 m and 78 m. The silt
content increases with depth.

The moisture content of this material generally increases with depth down to clev. 81xm
below which the moisture content decreases. A desiccated crust is present in Boreholes 4, 5
and 6. Atterberg limit tests (Figure 1) indicate a medium to high plasticity for this soil.
Below the desiccated crust, the moisture content is generally higher than the liquid limit,
resulting in a liquidity index of 1 or greater.

N values ranged from 0 to 10 blows/0.3 m. The higher values being in the upper desiccated
crust which has a lower moisture content.

Ficld vane tests indicatc undrained shear strengths of 15 kPa to 48 kPa, generally increasing
with depth at a ¢,/p, ratio of about 0.28. The sensitivity of the silty clay was found to be
between 5 and 9 with a couple extreme values of 3 and 22. Unconfined compression test
values ranged from 12 kPa to 30 kPa. Based on the measured undrained shear strengths, the
deposit has an overall consistency ranging from soft to firm.

The result of one consolidation test carried out on a 75 mm sized thin walled tube sample is
shown on Figure 2. The preconsolidation pressure, p,, is 160 kPa+. The recompression index,
C, is 0.04 and the compression index, C,, is 1.7.

4.4 Silt

Silt, ranging in thickness from 1.4 m to 3.0 m, is present below the silty clay to clay stratum.
This deposit is non homogenous and contains inclusions of silty clay which diminish with
depth. The sand content increases with depth.

The moisture content of the silt ranged from 20 to 38 per cent, the higher values being
associated with the presence of the clay inclusions. Atterberg limit tests show the soil to be
non-plastic. One grain size curve is shown on Figure 3.

Vane tests were attempted in this deposit in the belicf that it was a plastic soil. However the
thin walled tube samples taken in this stratum reveal the soil to be silt. Therefore, the
reported vane shear strength values are not an appropriate indicator of strength for this
deposit. N values of 0 to 13 blows/0.3 m indicate the soil to be very loose to compact.

4.5 Sand and Gravel (Glacial Till)

Below elev. +£75 m the silt deposit is underlain by a glacial till consisting of a mixture of sand
and gravel with traces of silt and clay. The moisturc content ranged from 5 to 20 per cent,
with an average of 10 per cent. Grain size distribution curves are shown on Figure 4 and
indicate a composition ranging from uniform fine to medium sand to well graded sand and
gravel. N values in this glacial till deposit ranged from 10 to 59 blows/0.3 m indicating it to
be compact to very dense.



4.6 Limestone Bedrock

Limestone bedrock was encountered at elevations of 71 m to 72 m and was proven by coring -
in Borehole 5. It is thinly bedded with recoveries ranging from 77 % to 100 %, the RQD

values were all below 18 % indicating very poor quality.

5.0 GROUNDWATER CONDITIONS

In boreholes close to the stream, the water levels were the same as those of the stream, which

was at elev. 86.1 m on 1991 10 24.

* The sand and gravel deposit above the bedrock is under artesian pressure, with the water level

rising to elev. 87.0 m, some 1+m above ground surface.

Water level observations are summarized below:

Borehole W.L. Elev,
(m)
1 86.2
2 86.0
3 86.1
4 86.2
5 86.0
6 86.0

Art. W.Lo

(m)

87.0
87.0

87.0

Date

1990 10 22
1990 10 23
1990 10 24
1990 10 26
1990 10 26
1990 10 26
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7.0 CLOSURE

The field work was supervised by A. C. Abel. The drilling equipment was rented from F. E.-
Johnston and Marathon Drilling companies, Ottawa.

NOTE: The preceding report is a copy of the factual information from the
Foundation Investigation and Design Report prepared by Strata
Engineering Corp. (consulting geotechnical engineers for this
project), and signed and sealed by C. Mirza, P. Eng. The project
was carried out under the technical supervision of UMA Engineering

Ltd., the supervising consultant for this project.

D. Dundas, P. Eng.

Sr. Foundation Engineer
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RECORD OF BOREHOLE Nol METRIC
w p  187-89-03 LOCATION Ji 5 001962.8 5 _E: 368 833.0 ORIGINATED BY _A-A:
oisT .9 Hwy 416 BOREHOLE Type Mtollow Stem Auper , Dynamic Cove Penetration Test  COMPILED BY A.K.
DATUM _ Geodetic paTE 1990 10 22 CHECKED BYG.M.
SOIL PROFILE SAMPLES o w QYNAMIC CONE PENETRATION
;guzw g RESISTANCE PLOT 3 nasric Pt vaue .:::f; REMARKS -
= w |20 ¥ 20 40 40 80 wo | contenr it 5 U
9 o .5 iy = z f h ) | i Wp W w, HSw &
EAEY DESCRIPTION Sla|lw| 2198 & [SHEAR STRENGTH Po SR, 2 | craN SIZE
OEPTH 51| S 1381 G |ounconnmeo 4 rieio vane ol ¥ |DISTRIBUTION
&)z 5 &Y & | ouck tranal  x s vane |WATER CONTENT (%) %)
86.5 | Ground Surface n d w 0 4 6 80 100 20 40 6D kp/m? {GR SA 51 CL
0.0 e W
350mn Topsoi 1 “ = . Le on
opsoi 86.0 1990 10 22
//
Silty Clay to Clay P Iss |2 o
85.0
112 | ss |2
5
4.0 :
v o]
3 LIW | PM 83.0
Soft to Firm ¥q
9
o
L
82.0
G4 [TW M o o 15.2
0
’ 81.0 *
¥ .
5 (W | PIE L ] o
Grey 80.0
J
{ 79.0
Ty
6 ITW irn [}
¥
A 78.0 y !
/
7.4
9.1
silt 7185 |+ NP
77.0
with Clay Inclusions
V. Loose \
76.0 Grey [
; 2 76.0 =
10.5 Sand and Gravel A < .
. (Glacial TilD) ® 18 |55 | 46 . o 37 53 (1)
75.2 Mensg Groy - v ™,
11.3} End of Borehole
* Penertrated by weight
of llanmer and” Rods

+3, x5 ; Numbers refer to
Sansitivity

0
15455 (%) STRAIN A FAILURE
10
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RECORD OF BOREHOLE No?2 METRIC
w p _187-89-03 LOCATION _N: 5 00l 982,5 E: 368432,5 ORIGINATED BY A-A.
DIST 9 HWY 416 BOREHOLE TvPE Jlollow Stem Auger , Dynamic Cone Penetration Test COMPILED BY A.K.
DATUm _ Geodel ic parg 1990 10 23 CHECKED 8Y C.M.
X DYNAMIC CONE PENETRATION
SOiL PROFILE SAMPLES | & § RESISTANCE PLOT NATURAL =
S Z 3 ':;I"r“t MOISTURY “":‘l'""? = REMARKS
b n | 2OV 20 40 80 B0 w00 | contenr L Zx A
9 EJ wi Q.V.'..Art 1 il i 1 i WD W W, DHw
ELEV Qi Ela| wi2 Z-El _,1{5 SHEAR STRENGTH kPa L S— 3 | cramn size
DEPIT DESCRIPTION lEL S 861 & | unconene + FIELD VANE . y |DISTRIBUTION
21z 5 | &Y & e ounck triapar x 1ap vang | WATER CONTENT (%) (%)
86.1| Ground Surface » Z o 2040 60 B0 100 20 4 oo ke/m® foRr sa 51 CL
0.0 B R U e e R el s U PN —_— W. L. on
Silt trace Orpanics| k- 1990 10 23
Soft
H4.0 Brown LSS |2 85.0 ——
1.3
Silty Clay to Clay 2 |s8s * * ! °
84.0 H
: 83.0
Firm 307W | M a
B82.0 L
A 1TW | m [r—— [ 15.4
81.0
Grey
80.0 -
5 ™ Pi 4]
79.0
78.6
7.5 Silt
with Clay Iuclusions 6 | 1w | Pt | ob?
78.0 T
Loose
1.2 Grey
8-9 0 .
Sand and Gravel - 77.0 "
trace Silt ‘217 185 ] 30 o
{Glacial Till) 0
Oce., b -
Cobbles - 76.0}
Compact to V. Dense .
-0 -
o . 'ﬁ”l\rt. Etjcountered
-8 |85 | 3o ) [ 30 62 (8)
Grey - 75.0
Qn
74.2 2. 19| 85|59 o
11.9 | End of Borehole
* Penetrated by weight
of Hammer and Rods

R

x3 : Numbers refer to
Sansitivity

20
15 -5 {*) STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No3 METRIC
W P _187-89-03 tocation _N: 5 001 9804 ; E: 368820.4 ORIGINATED 8Y A.A,
pisT 9 Hwy__416 BOREHOLE TypE llollow Stem Auger, Dynamic Cone Pemetration Test COMPHED BY A.K.
parum .. Geodetic DaTE _1990 10 23 ‘... CHECKED 8y C.M.
o | DYNAMIC CONE PENETRATION .
SOIL PROFILE SAMPLES W 2 IresisTANCE PLOT 2-—-....._..,._, wasyic ::'zgm:! o ._bx- REMARKS
g £ e LM s content  HIMIT -3 .
|~ w | 2Q v 20 40 60 80 WO z- &
Qe w - z 1 L A L 4 Wp w W, :l“é
ELEV DESCRIPTION Tlal w| 2|88, O [SHEAR STRENGTH WPo R DC;RTI;H: ?‘éﬁ
DEPTH EINan é@ 35 |0 unconeneD  + FiELD vane . y |DISTRIBUTION
:-_:‘ 4 H % jICad§ ® QUICK TRIAXIAL % LAB VANE WATER CONTENT (%) (%)
86,3 | Ground Surface v : u 2 40 o) B 100 20 40 6D kp/m? |GR $A 51 CL
T WL,
0.0 S5ilt trace Orpanics '&1"' 86.0 1990 18"21;
Firm "
Brown FLAfr oSS [} o
15.0 e 85.0
1.3 ¥
Silty Clay to Clay 21811 s o o
84.0 ving
o
Soft ' 3{ W] o 83.0
K:
.L;
¥ 82.0
Consol. Test
4 | TW | P Laua simal o} 15.5 Figure 2
81.0 H—f4
% +!
/
Grey ) 5] TW | PN 80.0 ty
’
. 46
79.0 all
1A
Mi{l6 | W] BM o o 19.1
&
78.0 16
1 +F
7™ |en 7.0
76.1
&+
10.2 Silt 76.0 ¥
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8| ™|en L Je
Loose
ed
Gre 7»«75-0
7h.7 y Q A
116 | sand and Gravel o .
" soiee Silt . Art, JEncognt
(Glacial Till) cdolss | 2 4.0 °
2.
Occ Cobbles LT . .
Compact to Very Dense 0. : Spandpipe
0 73.0
12.4 Grey o o tesoodisen o 14 66 (20)
13.9 | End of Porehole 9}
Probable Bedrock

.20
43, %% ; Numbers vefer to g o ¢ (v} STRAIN AT FAILURE
Sensitivity 10
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RECORD OF BOREHOLE No 4

ME

TRIC

we 187-89-07 LOCATION __N: 5 002 012.5; E: 368 828.0 ORIGINATED By A
oisr__9 HWY 416 BOREHOLE Tyre lollow Stem Auper, Dynamic Cone Penctration Test COMPILED BY A.K.
batum __Gewletic parg _ 1990 10 24 CHECKED By UM,
OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES gm ; RESISTANCE PLOT nasrye NATRAL =
g £ v Mo TURE  LIOUID | REMARKS
. 20w 20 40 60 80 tog U™ comrmw umir} 5O
0o 8 gl B L N ) h i wp w W, | Sw L
ELEy DESCRIPTION Tia| w | 2198] & [sHEAR STRENGTH WPa NS % | GRAIN si7¢
DEPTH — “;_5, >4 85 9 o unconrnen + FIELD VANE " y DISTRIBUTION
5“:‘: Z bd 6u ‘;‘)_,’ ® QUICK TRIAXIAL  x (aB vane | WATER CONTENT (%) %)
0.2} Ground Sucface hld " w 2 40 80 100 20 4 6o kp/m! [GR SA 51 CL
0.0 Sile tra ) T | e.o|— [ — —|— Wola o
il ce Organics 1990 10 26
Stiffl .
1} s55) 11 !
84.8 Rrown — 85.0}
i Silty C1 cl
1lty Clay to ay 2 55 5
besiceated
""""" “+H 84.0
3] ssit 0
83.0
4 ™ | PM } [»]
Soft to Fiem
4_('3
82.0 ~8
5] TW | )0 ? 17.3
81.0
L7
+8
80.0}
G ™ | PM °
Grey Y
7.0 :
+7
%
- o X 17.6 :
t 8.0
.0 i,
o
77.4 ¢
+
8.8
77.0}—
Silt 81 TW|m o
with Clay Inclusions (
+
V. loose to Compact 76.0 -3
Grey 9| ss{13 o
-
Sela | 73.0 R
74.4 287
L4 14
11.8 Standpi
Samly Zone L | 74.0
w0l ss 12 b 0 99 (1)
Sand and Gravel b 73.0 \ﬁ?
(Glacial Till) ;Q' /
Oce. Cobbles '
Dense .
LI
P 72.0
Gre D \hqﬁ
71.3 Y ° .
14,9 End ol Borehole L4
Probable Bedrock +3, x5 : Numbers refer to 20

Sensitivity

1545 (") STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No5

METRIC

w P 187-89-03 LOCATION Ni 5 002 0110 £ 368 812.0 ORIGINATED BY A, A .
pist 9 Hwy 416 BOREHOLE TYpe llollow Stem Auper, Dynamic Cone Penetration Test COMPILED BY A.K.
DATUM __Goodetic paTe 1990 10 25 CHECKED BY _C.M.
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & | W L s O ! - -
=5 < PLASHC  jenstore VOUD | o X REMARKS
'y L) LMY COMTEMT  LIMIT I V]
51 e 0 A 20 40 60 80 100 w W w | 3% 2
Ol = i { i P
ELEV DESCRIPTION lulwl 2(25] & [HEAR STRENGIH wPo AT = | cRAIN S12E
DEPTH w5121 3138 5 |ounconmne o miewo vane . y DISTRIBUTION
g1z 120 & |e ook Trana x iap vane |WATER CONTENT (%) 1%
87.6 | Ground Surface 5 £ e o 200 40 60 80 100 20 40 60 |kp/m® ek sa 81 ct
0.0
Silt trace Orpanics pub Ade. Ik:;‘l W. L. on
- | 87.0 1990 10 26
Very Stiff o
86.2 Brown Lyss 7 Y
L4} silty Clay to Clay B i86.0
Stitf 285 | 10 o
Desiceal ed ¢
afss | 3 85,0 \ 2
4w | P o
Soft to Fiem 84.0
W
5
*
83.0
51TW | M o
4
+
) 82.0 -3
61TW | '™ ¥ b 15.2
g 81.0 |- "
Grey +
K
A 80.0
71w | PM o
4
A +
79.0 v
» r
8w | 78.0 e
Ry
4
7.1 "
10.5 77.0 b
Silt 911 | m °
with Clay lncusions
76.0 fo{—f—t2
v, Loose +]
10)ss | * o 0 9 {91)
Grey 75.0
74.6 \
13.0 Sand and Gravel o,
{Glacial Till) . 74.0 \
Ty
4 o
Occ. Cobbles Jjgss | 10
Compact o Sul} Art. JEncomtfred
Grey 0 A 173.0
72.6] Cont, on Pape 2 © L

5.0

’J' %% ; Numbers refer 1o
Sensifivity

20
15 -0-5 (") STRAIN AT FAILURE
S I
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RECORD OF BOREHOLE No5cont'd METRIC
w P __187-89-01 LOCATION _N: 5 002 0140 ; E: 308 812.0 ) ORIGINATED BY ALA.
{ . *
pist Y Hwy 416 BOREHOLE Type _lollow Stem Auper, Dynamic Cone Penctration TesL  cOMPILED BY ALK,
Geexlet i
DATUM odetic pate 1990 10 25 CHECKED BY C.M,
SOIL PROFILE SAMPLES E_‘ wh DYNAMIC COME PEMETRATION
- e} g | RESISTANCE PLOT = .
520 & 01 2o fmane WoSe vaue | o T pemanks
51 w | 20 B 70 40 &0  BO 100 CONTEN zx &
Qml 18 las| z — s PO VR Wo w w, | 5w
ELEV Mol | Zz0 O [SHEAR STRENGTH kbo [ N > 1 GRAIN SIZE
Seh DESCRIPTION slslalsz) = i
=31 21518861 & [ounconnne « FIELD VANE . y  [PISTRIBUTION
ok e |2 » [ &Y .; ® QUICK TRIAXIAL  x 1ap vang | WATER CONTENT (%) (%]
_]-~'/) Cont from Pape 1 v * w GR SA 51 L
15.2 - T L
Limestone Bedrock @12 BX [Rec 2.0
. ’ RC |77 " ROD = 0 %
Thinly Bedded \§
" 13 WX iRec
& A e i71% 1.0 RODH = 07
114 X IRec T T B R SR S
6 RGC (837 R =0 %
BX |Rec R—
6 151 pe losz 70
¥ O g—t——t s E— RQD = 0 %
g BX  [Ree
16 RQD = 187
RC {100% -
69.0 7
18.6 | End of Borehole

* Penclrated by weight

of Hammer and Rods

+3, x5 . Numbers refer to
Sansitivity

20
1585 (%) STRA!
10

N AT FAILURE
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RECORD OF BOREHOLE Noé METRIC
w e 167-86-03 LOCATION _N: 5 002037.8& E: 368 811,0 ORIGINATED BY Aufa..
oisT .9 Hwy_ 416 BOREHOLE Type lollow Stem Auper, Dynamic Cone Penetration Test — COMPILED BY AKX,
DATUM Leodetic DATE __1990 10 25 CHECKED BY _CuMa . .
SOIL PROFILE SAMPLES o w DYHAMIC CONE PENETRAFION -
ﬁ‘é’ i RESISTANCE PLOT nasric Narum vove | - I REMARKS .
- w |20 @ 20 40 &0 80 100 CONTENT zz
Q= o - z N h 1 $ z Wp w W, S5w &
ELEV DESCRIPTION Elal w2198 | & |SHEAR STRENGTH kPa [P 2 | GrAIN SiZE
DEPTH {EL [ 2138 5 |ounconmmnen  « miewo vane . y {DISTRIBUTION
g1z y | 8O | & | ouck rmaxac x ab vane WATER CONTENT (%) 1%
86.3 | Groumd Surface b E by 20 40 60 B8O 100 20 40 60 kp/m* isr sa %1 CL
001 400 mm Topsoi 1 X. | 86.0 JERE Wl on
? 1990 10 26
Silty Clay to Clay 1 i85 ]2 o
PSS 0 NN DR TN SUVRIN UGN S S
Desiccated ’ #5.0
_ 2185 | 1 e
84.0 |7[¥ e
" 4
3 W] ™M 83.0 )
Soft to Firm
11
11
| 82,0 |- fe N
(R o o | 15.1
81.0 2
,10
o)
YIS | vl % °
Grey
o
79.0
y 6] IW{PMM \ o
78.0 78.0 *G
8.3 silt
with Clay Inclusions
77.0
Loose T
W2
75.7 Grey 76.0
10.6 st
Sand and ‘Gravel e 1 | ss lao \ -0 10 76 {14)
some Silt e R
(Glacial Till) o 75.0 —
Oce. Cobbles
Dease q
Grey 2,
“ 74.0 4.._“
75.5 ot MMM
12.8 End of Borehole

o, x5 ; Numbers refer 1o
Sensitivity

0
15 45 {*%) STRAIN AT FAILURE
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FOUNDATION INVESTIGATION REPORT
for
Mud Creek Bridge

W.P. 187-89-04, District 9, Ottawa
Highway 416, Str. Site: 3-358/2

1.0 INTRODUCTION

Strata Engineering Corp. has been retained by UMA Engineering Ltd. to carry out a
foundation investigation for the crossing of the proposed southbound lanes of Highway 416
and Mud Creek. 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, which follows a letter report dated 1990 12 20, is submitted in compliance with
these terms of reference.

2.0 SITE AND GEOLOGY

The site is located within Rideau Township approximately 30 km south of Ottawa along
Highway 16. The location of the site is shown on the key plan in Drawing 1878904-A,
appended™ The proposed bridge centreline is approximately 30 m to the west of centreline of
the existing structure at Highway 16.

The topography of the immediate area is flat. With the exception of a small wooded area to
the west of the site, the land use is primarily agricultural. The creek flows within a channel
some 4 m deep. The creek is approximately 10 m wide and 2 m deep in the vicinity of this
site.

The site lies in the physiographic region known as the North Gower Drumlin field. The
drumlins are oriented more or less north-south. A mantle of marine soils is draped over the
drumlins and other glacial landforms. The marine soils are the result of inundation by the
Champlain Sea. Therefore, silt and Leda clay are common in this area.

3.0 FIELD AND LABORATORY WORK

The field work, carried out from 1990 10 26 to 30, consisted of the drilling of six boreholes,
each accompanied by a dynamic cone penetration test. Four boreholes were drilled at the
corners of the proposed structure. The remaining two boreholes were drilled along centreline
away from the structure to provide information for the approach fills. The borehole
elevations, referenced to Geodetic datum, were supplied by UMA Engineering. The locations
of the boreholes are shown on Drawing 1878904-A.*

Drilling was conducted with two bombardier mounted CME 55 drill rigs. Hollow stem augers
were used to advance the boreholes. Boreholes 1 and 6 for the approach embankments were
terminated within the highest competent stratum. Boreholes 2 and S were terminated at auger
refusal. Bedrock was cored in Boreholes 3 and 4.

* Sheet No 176 of the Contract Drawings.
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Standard Penetration Tests were used to sample very dense materials as well as non-cohesive
deposits, the accompanying N values being noted in blows/0.3 m. In cohesive strata, relatively .
undisturbed samples were obtained by pushing thin walled Shelby tubes either manually or
hydraulically into the soil.

After the recovery of each thin walled tube sample, standard MTO A size vane tests were
conducted to determine the undrained shear strength of the deposit. Remoulded shear
strengths were also measured to determine the sensitivity of the soil.

Upon completion of each borehole the water levels were measured in the uncased holes.
Boreholes 1, 2, 5 and 6 were backfilled with native soil cuttings. Bentonite sealed perforated
standpipes were installed in Boreholes 3 and 4. The water level in these instrumented holes
was monitored over a period of time. The site was restored to its original condition.

Recovered samples were transported to our Don Mills Laboratory for further visual
examination, classification and index property testing such as moisture content, grain size
distribution and Atterberg limits. Unconfined compression tests were performed on six thin
- walled tube samples. The results are shown on the Record of Boreholes and on Figures 1, 2A
and 2B.

4.0 SUBSURFACE CONDITIONS

4.1  General

The soil stratigraphy consists of a silty clay to clay deposit overlying loose silt above a silty
sand glacial till. Fractured limestone bedrock lies 11 m to 14.2 m below prevailing ground
surface.

4.2 Surficial Organics
Topsoil (200 mm to 400 mm) was present at all borehole locations.

43 Siity Clay to Clay

A 4.2 m to 5.6 m thick deposit of silty clay to clay occurs below the topsoil.

The upper 1.5 m to 2.0 m of this deposit is desiccated. This upper desiccated crust is mottled
brown and fissured. The moisture content in the crust ranged from 25 to 50 per cent, and lies
between the liquid and plastic limits of the soil. One field vane test within the crust gave an
undrained shear strength value of 68 kPa.

Below the desiccated zone the silty clay to clay is grey. The moisture content ranged from 70
to 40 per cent, generally decreasing with depth. Atterberg limits (Figure 1) indicate medium
to high plasticity.

Field vane test undrained shear strength values ranged from 24 kPa to 58 kPa generally
increasing with depth and decreasing moisture content, indicating a soft to firm consistency.
The sensitivity of the soil is about 6 with extreme values of 2 and 11.
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44  Silt
At about elevation 85 m to 86 m the silty clay to clay deposit is underlain by a grey silt deposit °
with thin clay seams. This stratum was 2.9 m to 4.6 m in total thickness at the drilled
logations.

Field vane tests were carried out in this deposit in the belief that the soil was cohesive.
However, when the recovered samples were ecxamined, it was seen that the deposit was
predominantly silt. Hence, any field vane values shown for this deposit have been discounted
in stability analyses. The natural moisture content of the silt ranged from 20 to 50 per cent,
the average being about 30 per cent. N values of 0 to 10 blows/0.3 m indicate the silt is very
loose to compact.

4.5 Silty Sand (Glacial Till)

The silt stratum is underlain at a depth of about 9m below the prevailing ground surface by
a silty sand with some gravel (glacial till). This deposit was fully penetrated in Borehole 3
where the thickness was 4.7 m and in Borehole 4 where it was 6.9 m.

Grain size curves are shown in envelope form in Figure 2A. A sandy zone is plotted on
Figure 2B. N values in this deposit were between and 2 and 114 blows/0.3 m, generally
increasing with depth. The lower N values were observed within the upper zones of the
deposit and may be due to local re-working of the till. The dynamic cone penetration tests
all terminated within this deposit. Based on these N values, the deposit is considered to be
very dense with localized loose to compact zones near its surface. Cobbles are suspected to
be present on the basis of obscrvations in the field during drilling.

4.6 Limestone Bedrock

Limestone bedrock was proven in Boreholes 3 and 4. It is badly fractured with core recoveries
of between 37% and 90%. The maximum RQD value was 30%, most values being 0% for
each core run.

5.0 GROUNDWATER CONDITIONS
The phreatic level at the site corresponds more or less to the creek level. Observations are
listed below:

Borehole Ground Elev, W.L. Elev. Date
(m) (m)

1 89.8 88.5 1990 10 30
2 9%0.4 88.3 1990 10 29
3 89.9 89.9 1990 10 29
4 90.7 90.3 1990 10 30
5 90.6 88.2 1990 10 30
6 90.8 88.5 1990 10 30
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7.0 CLOSURE

The drilling was supervised by A. C. Abel. Drill rigs were rented from F. E. Johnston and .
Marathon Drilling companies, Ottawa.

NOTE: The preceding report is a copy of the factual information from the
Foundation Investigation and Design Report prepared by Strata
Engineering Corp. (consulting geotechnical engineers for this
project), and signed and sealed by C. Mirza, P. Eng. The project
was carried out under the technical supervision of UMA Engineering
Ltd., the supervising consultant for this project.

'D. Dundas, P. Eng.
Sr. Foundation Engineer
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RECORD OF BOREHQOLE Nol METRIC
w p _187-89-04 LOCATION _N: 5 005 065 ; E: 366 407-5 ORIGINATED 8Y A A,
DIsT _ 9 _Hwy_ 416 BOREHOLE Type Hollow Stem Auger , Dynamic Cone Penetration Test  COMPILED BY A.K.
DATUM Geodetic . DATE 1990 10 26 CHECKED BY C.M. _
SOIL PROFILE SAMPLES a w DY AMIC CONE PEMNETRATION .
g‘g 6 RESISTANCE  PLOT FLASTIC :‘.‘('.'.‘,‘.'.‘,;, e |, L REMARKS-
[ . 39 v 0 40 60 80 100 Lmre COMtENT  HIMIT E(_D
9 o g P =z 1 ! i i 1! Wp w W, W &
EUEV OESCRIPTION Sla| ) 2 12G6| O [SHEAR SIRENGTH kPe —— % | GraIN SIZE
DEFTH = E3 Il 36| g |o unconmnep + FIELD VANE . y |DISTRIBUTION
x|z 5 | &Y | & |eQuCK TRIAKIAL  x 1A vANE WATER CONTENT (%) (%)
89,8 Ground Surface n ! o 20 40 6D 80 100 20 40 60 kp/m® R sA $1 ¢t
0.0} 200un Topsoil
Silty Clay to Clay
Stiff 9.0\ — | —— I - —_—
Desiccated 1188 in pr-O—
Mottled Brown Y
"""""" 11 = W.L. on
L .
21ss | s 88.0|— 9% 10 30
Fimm to Stiff( 4
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JITW {eM o
5
86.0 ) m— —
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41 WM 85.0 b —fy — 5 18.9
3
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it 51 | NP
Occ. Clay Seams 83.0L—1 ——
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/
6| TW|PM 82.0)— b
3
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9.2| Silty Sand 17 ] ss |1z ¢
trace Grave) " A —
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F
. e}
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79.0 — -
78.7 Grey L8 | ss {101 ° P92 (D)
11.1] End of Borehole

20
15 -5 ("%} STRAIN AT FAILURE
10
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RECORD OF BOREHOLE No?2 METRIC
wp _ 187-89-04 LOCATION N2 5 005 086 : E: 366 398 ORIGINATED BY ALA.
pisT. 9 Hwy _ 416 BOREHOLE Tvpe _llollow Stem Auper , Dynamic Cone Penetration Test COMPILED BY AJK.
DATUM _.Geodet iy DATE 1990 10 29 CHECKED By C.M.
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @m g RESISTANCE  PLOT rastic SRR\ oue _T REMARKS
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9 o Wt = P 1 L i t f Wp W W\ = &
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DEFTH DESCRIPTION A3 2| $ {36 5 Jounconmnen  + riew vane ATER content | 7 [PSTRIBUTION
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0.0 s
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Silty Sand e [ss |32 81.0 - 0 22 46 (32)
with Gravel : \'---... ’
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: S i 7 o
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Grey ;, ’
41 77.0
Pl 11158 {100/ fi7em o
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75.7 o]
14.7 {Eod of Borehole

3, x5 . Numbers refer to
Sensitivity
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0




EXPLORATION

CFFICE REPORT ON SOIL

Mirvsiry

&)

Tramysporiation

52

wop _187-89-04

RECORD OF BOREHOLE No3

LOCATION __N: 7

Q5 001 § E: 366 393

METRIC

ORIGINATED BY A.A. ’

oisT 9 Hwy 416 BOREHOLE TYPE Hollow Stem Avper, Dyvamic Cone Pepelration Tost COMPILED BY AK,
DATUM __Geodetic DATE _1990 1026 CHECKED BY C.M,
i AMP o w DYNAMIC COMNE FENETRATION -
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bt w | 2Q | Vv 20 40 60 A0 100 = A
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212 |80 D e ouick Traxal  x ab vane | WATER CONTENT{%) (%)
89.9 | Ground Surface i s O” o 20 40 60 80 100 20 40 o kp/iw? |GR SA SI CL
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2 s | 88.0 o o
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o119 155 1100/ POcu o
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1 77.0 e e
|04
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13.6 . 10] B X |Rec R
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RECORD OF BOREHOLE No3cont'd

METRIC

w P __187-89-04 LOCATION Nt 5 005 061 E: 366 393 . ORIGINATED BY AA.
prsy 9 Hwy _ 416 BOREHOLE TYPE _liollow Stem Auger . Dynamic Cone Penetration Test . COMPHED BY A.K,
DATUM _Geodetic DATE _1990 10 26 cHeckeDp gy CMe
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES é'é‘ 3 |Resistance Pior T O I REMARKE
- w | 36] & 20 40 &0 80 o UM conTmnr uMa g =20 3
Ofx W - > i A L 1 ) Wp w W, | oW
ELEY DESCRIPTION gl wi = %9 G |SHEAR STRENGTH kPo R z DGSR?QI?; SIZE
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15.8 | End of BDorelivle

o3, x5 ; Nombers refer 1o

L

Sansitivity
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1545 {*A) STRAIN AT FAILURE
0
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vy
RECORD OF BOREHOLE No 4 METRIC
w p__187-89-04 tocanion _N: 5005 104 ; E: 3606 380 ORIGINATED BY AA,
oisT.__ 9 Hwy _416 BOREHOLE Typg Hollow Stem Auger , Dynamic Cone Penetration Test  comeied By A. K.
DATUM Geodatic DATE _1990.10 30 CHECKED By &M
SOIL PROFILE SAMPLES | W JDYNAMIC CONE PENETRATION “
p“:‘:‘g g |RESISTANCE PLOTY 2_____~ PASTIC  arrny vum | . T REMARKS '
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. o 83.0 |-~ —
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1 82.0 |— —
ol — \
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. it -‘“-‘m
‘o’_— 81.0 Jp— -::""""'--... —
Y’ o S TR 17N 80.0 e =)
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RECORD OF BOREHOLE Nod4 cont'd METRIC
WP 187-89-04 LtOcATiON _ N: 5 005 104 1 E: 366 380 ORIGINATED BY _ALA. .-
DIsT 9. HWY___4l6 BOREHOLE TYPE liollow Stem Auger, Dynamic Cone Penetration Test ... COMPILED 8YAK,
patum __Geodetic DATE 1990 10 30 CHECKED BY C.Nf
DYNAMIC COME PEMETRATION
S50IL PROFILE SAMPLES ﬁm ‘é‘, RESISTANCE PLOT raric Mt v )
i i) T MOISTORE b [ o REMARKS
e Q| v 20 40 &0 BO 100 CoNTENT z=
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RECORD OF BOREHOLE No 5

METRIC

wp _ 187-89-04 LOCATION _N: 5 0050%.5: E: 366 374 ORIGINATED BY A.A.
oisT 9 Hwy _ A16 BOREHOLE Type Hollow Stem Auper, Dynamic Cone Penetrarion Test COMPILED BY ALK
DATUM _Geodetic DaTe 1990 10 30 CHECKED BY _C.M.
< w  [DYNAMIC CONE PENETRATION ,
SOIL PROFILE SAMPLES S‘_,m :i. RESISTANCE  PLOT - . E
:(‘ z . l::ul IIMI‘Y = [G] REMARKS
- w |50} @ 20 40 60 80 100 z o &
2l 2195 | & [shear srrenoin i e TR ram s
ELEV “lal a i =178 O o ]
DEPTH DESCRIPTION 3z 2 8% % [0 unconsnep RO VANE | CENT (o y |O1STRIBUTION
alz > | &V & e uocK TRIAXIAL  x tae vang | WATER CON (%) %1}
90.6 [Ground Surface e £ i 2 4 G 0 100 20 i ke/m? [GR SA Si Ci
0.0 350um Topsoil
Silty Clay to Clay 90.0 — e
Firm besiccated 1| es 6
Mot Lied Nrown IR S
------- % 89,0 f— At |- L —
21855 6
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¢ X W.L. on
3 ss 2 = 88-0 D e I - l()()o 10 30
Grey
4 TW| PM 3 15.5
B7.0 i - [
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5
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Sile |
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6 |8s 2
- 84.0 |\—f|—|—|
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7188 * $
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(Glacial Till) N
-
Compact Il .0 H::"""--..._‘__\
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11.2 | End of Borehole P
Probable Bedrock
* Penetrated by weipht
of lianmer and Rods

+3, x5 . Numbers refer 1o
Sensitivity
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RECORD OF BOREHOLE Noé METRIC
WP 187”89‘0A LOCATION N: 5 005 11t : £ 366 366 QRIGINATED BY AJA,
oisT __9 Hwy__416 BOREHOLE TYPE flollow Stem Auger, Dynamic Cone Penetration Test _ COMPILED BY ALK,
patum _ Geodetic pate 1990 10 26 CHECKED BY .C.M.
DYNAMIC CONE PENE TION
SOIL PROFILE SAMPLES ,:f_,m g R TANCE POt TRA nasne S . .
- - g% H 20 40 60 80 100 Limr CONTENT  LiMT {’9 EMARKS
O w P = L ! 1 L i Wp W w,| 5w &
ELEV. BESCRIPTION Elw| ]| 2186] & [sHEAR STRENGTH kPo e Ot E | craNv size
DEPTH ESCRIPTIO LHELEZ] S 8% % | o unconsinep + FIED VAME | ' . y D‘STNBU”ON
g1z o E‘DU & leouck TRaxAL  x ap vane | WATER CONTENT (%) (%)
90.8 | Ground Surface ] £ ] 0406 100 20 40 6D GR SA $1 CL
0.9 | 3000m Topsoil
Silty Clay to Clay
Firm 4 90.0
besiccated “_L_ 551 6 ©
Mottled Brown
25516 £9.0 . b
Rt F
LA ¥ Wolo on
Firm 13 | 85 | 4 - 1990 10 30
{ 88.0 f- R
4 FTW | M o 4 15.8
LA
Grey
87.0 "
+
5
15 1ss |4 86.0 - ;
85.6
5.2 l |,6
'5 B
silt I 85.0
Oce. Clay Seams l
6 | W | PM
Loose
84.0
Grey
71815 83.0 &
W2
a1.9 82.0 3
8.9 ol
Silty Sand |8 | ss e o 10 53 (37)
some Gravel W 81.0 |
{Glaeial Till) ol
Compact AT \
o1 80.0 Q
Grey e \
ol
il 79.0 > S
78.6 i b
12.2 | End of Borehole

3, 55 Numbers refur to
S.nsihvily
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1545 {%) STRAIN AT FAILURE
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SECTION B-B

SECTION A-A

CONT No
WP No187-89-02

REGIONAL RD, 6 U'PASS SHEET

BORE HOLE LOCATIONS & SOIL STRATA

STRATA ENGINEERING CORP:

SEE
DWG, No1878902-A

KEY PLAN
SCALE

O

LEGEND '

Bore' Hole

Dynamic Cane Paneteation Test {Cone)

Bore Hole & Cane

oG e

Blows/0-3m (Std PenTest, 475 J/blaw)

CONE Blows/0.3m [60° Cone, 475 1/ blow)

e

WL ot time of ivestigation
OcL& Nov. 1990, Nov.1991
Stand

=

[ e I

1 881 5000 808.0| 3692380
2 896 5 000 809.0 .369 2580
3 87.8 5 000 778.0 369 249.0
a4 889 5000 7850 369201.0
5 89.6 50007420 369162.0
& 88.8 5 000 747.0 3071820
7 88.5 5 0007620 3691750
B B9.8 . 5 000 786.5 369 2455
g 88.9 5000 7570 3692080

=NOTE=

The baundaries betwaen sail strata hove been sstablished
odly o) Bore Hole locations. Between Bore Holes the
boundaries are assumed from geologicol evidence

NOTE: The complete foundation investigation ond_dasign report for

this project ond olher relofad documents moy be excmined of the

Fogincoring Hetarils Offico Do, Il

1his report ond rolated decumen isis specificall
donce with the conditions of Sechion 102

x
2 of Form 100,

¥

R
& oaiE v ]

DESCRIPTION

Goocres No BIG- 215

WY No 4 BIST %
SUBMD A A [CHECKED __|DATE Jan 071992 [SITE
ORAWNAK _[CHEGKED - [Xrrove BWG 1575902 B
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REF Mu E-55- 4162, 1991 01

CONT: No
WP No187-89-02

&

REGIONAL RD:& U'PASS
BORE HOLE LOCATIONS & SOIL STRATA

SHEET

STRATA ENGINEERING CORP.

KEY PLAN
SCAIE

LEGEND

Bore Hole

Dynamic Cone Penetrotion Test {Coné}
Sore Hole & Cone
Blows/0-3m (Std Pan Test, 475 1/blow)

Blows/0.3m {60° Cone, 475 )/ blow)

L "Wt ot timo of investigalion Get 1990

o Jervanon]  (LOrORPIATES |
1 88.1 5 000 806 3692380
2 89.6 5000 5096 369 258.0]
3 87.8 5 000778.0] 369 2490
4 339 5 000 785.0| 369 2040
5 89.6 5000 7420 369162.0
6 888 5 000 747.0| 3469183.0]
7 88.5 5 000 7670| 3691750
8 8998 5000 786.5 369 2455
9 88.9 50006 757.0 349 208.0

f —=NOTE=

The boundaries heiween sail strata have been  established
only ot Bore Hole locorions. Between Bore Holes the
boundaries are assumed from geological evidence

NOTE: The complete foundotion investigation ond ‘design report for
this prosect and ather relaled documents moy be exomined of He
Engineering Materiols Officr, Bownsview. informalian conlained in
this report and reloled documents is specificolly. excloded in
accordoncs with the conditions of Section 1022 of Form 100.
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