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1.0 INTRODUCTION

Terraprobe Inc. (Terraprobe) has been retained by MMM Group Limited (MMM) on behalf of the Ministry of
Transportation, Ontario (MTO) to provide foundation engineering services in support of preliminary designs
for the rehabilitation of structures identified in MTO’s Request for Proposal (RFP) titled “Preliminary Design,
Rehabilitation/Replacement of Twelve Structures on Highway 11, 101, 577, 579, 634 & 668, in New
Liskeard Area”, Contract Number. 5013-E-0018.

The terms of reference and scope of work for the foundation engineering services are outlined in MTO’s
RFP, and in Section 5.7 of MMM’s Technical Proposal for this assignment. This report presents factual
data on the subsurface conditions at the Unnamed Creek Culvert, Site 39E-244C on Highway 634,
Township of Adanac, District of Cochrane, Ontario.

2.0 SITE DESCRIPTION

The site is located on Highway 634 (Latitude 49.553°, Longitude — 81.510°), approximately 2.3 km south of
the highway’s east junction with Island Falls Road in the Township of Adanac, Ontario. lIsland Falls is
located east of the site and the main community of Smooth Rock Falls is situated approximately 35 km
south of the site. The key plan on the Borehole Locations and Soil Strata Drawing, (Drawing 1) provides
an overview of the site location.

The existing culvert located at Station 10+355 is a 2.4 m diameter and 30.3 m long round Structural Plate
Corrugated Steel Pipe (SPCSP) with upstream and downstream invert elevations of 93.8+ m. The
Highway 634 embankment is approximately 6.7+ m high at the culvert site with a pavement centre line
elevation of 100.7+ m. The watercourse flows through the culvert below Highway 634 from west to east.
Vegetation at the site consists primarily of a coniferous forest with grass and shrubs.

3.0 INVESTIGATION PROCEDURES

The field work for this project was carried out between August 18 and August 22, 2014 and consisted of
drilling and sampling three boreholes to depths ranging from 4.3 m to 23.8 m below ground surface.
Dynamic cone penetration tests (DCPT’s) were also carried out at two locations to depths of 3.9 m and
4.6 m below ground surface. The approximate borehole and DCPT locations are shown on Drawing 1.

Terraprobe’s staff staked out the borehole locations in the field relative to on-site features and MMM
surveyors established Control Point HCP 101 with a geodetic elevation of 100.00 m. The data from this
control point was used by Terraprobe’s staff to determine the ground surface elevations and local site
coordinates of the boreholes. This data is summarized in the following table.

Borehole Details

Borehole Local Site Coordinates Ground Surface Borehole
No. Northing (m) Easting (m) Elevation (m) Depth (m)
BH1 91770.9 7878.0 97.1 19.2
BH2 91 785.6 7 856.9 100.6 23.8
BH3 91 785.2 7 840.9 94.7 4.3
C1 91 785.2 7 839.9 94.7 4.6
C2 91 785.2 78379 94.7 3.9

Terraprobe Inc 1
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The boreholes were drilled with track-mounted CME 55 and portable drill rigs supplied and operated by
specialist drilling contractors. Samples of the overburden soils were generally obtained at intervals of
0.75 m and 1.5 m depth using a 50 mm outer diameter (O.D.) split-spoon sampler in conjunction with the
Standard Penetration Testing (SPT) procedures as specified in ASTM Method D 1586'. Two Dynamic
Cone Penetration Tests were also performed from ground surface to refusal at distances of 1+ m and 3t m
west of Borehole 3. The bedrock was also cored by NQ-size diamond coring techniques in Boreholes 1
and 2. The field work was monitored on a full-time basis by a member of Terraprobe’s staff who observed
the drilling, sampling and in situ testing operations and logged the boreholes.

Ground water conditions in the open boreholes were observed during the drilling operations and a standpipe
piezometer was installed in Boreholes 1 and 2 to permit longer term ground water level monitoring. The
boreholes were backfilled in accordance with current MTO procedures and Ontario Regulation 903 (as
amended).

The recovered soil samples were subjected to Visual Identification (VI) and select samples were also
subjected to a laboratory testing programme consisting of natural moisture content, grain size distribution
analyses and Atterberg limits determinations in accordance with MTO and/or ASTM Standards as
appropriate.

4.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS
4.1 Regional Geology

Surficial sediments in this area were deposited during the Late Wisconsinan glaciation. The main
overburden units deposited during this time are till, debris flows, glaciofluvial and glaciolacustrine
sediments. The most prominent surficial deposit found within this area is a dense, massive, impervious
clay-rich till that contains rounded pebbles (Ontario Geological Survey 2001).

A compilation of studies undertaken in the general area shows that the bedrock geology is dominated
largely by metasedimentary gneissic rocks. Other rock types occurring within the study area include large
batholiths of granitic intrusive rocks such as granodiorite. The bedrock age ranges from Precambrian to
Cenozoic (Ontario Geological Survey 2001).

4.2 Subsurface Conditions

Reference is made to the Record of Borehole Sheets in Appendix A. Details of the encountered soil
stratigraphy are presented in this appendix and on the “Borehole Locations and Soil Strata” drawing. An
overall description of the stratigraphy is given in the following paragraphs. However, the factual data
presented in the Record of Borehole Sheets governs any interpretation of the site conditions.

The stratigraphic boundaries shown on the Record of Boreholes and on the interpreted stratigraphic section
are inferred from non-continuous soil sampling and therefore represent transitions between soil types rather
than exact planes of geological change. The subsurface conditions will vary between and beyond the
borehole locations.

1 ASTM D1586 — Standard Test Method for Standard Penetration Tests and Split Barrel Sampling of Soils.

Terraprobe Inc 2
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In summary, the site is generally underlain by topsoil, the highway pavement, very loose to compact sand
and silty sand fill soils and soft to firm clayey silt fill. The fill soils are underlain by peat, deposits of stiff to
hard clayey silt to silty clay till and dense to very dense silt. The overburden soils are further underlain by
Granodiorite Schist bedrock. A more detailed description of the subsurface conditions is provided in the
following sections.

421 Topsoil

A 100 mm thick layer of topsoil was encountered at this site in Borehole 3. Topsoil thickness may vary
between and beyond the boreholes.

4.2.2 Flexible Pavement

Borehole 2, which was drilled through Highway 634, encountered a flexible pavement consisting of a 25 mm
thick layer of asphalt concrete underlain by a 375 mm thick layer of gravelly sand fill that extends to
elevation 100.2 m.

A Standard Penetration test carried out in the gravelly sand fill gave an SPT N-value of 93 blows for 0.3 m
of penetration indicating a very dense relative density. The natural water content of a sample of the granular
fill is 8% by weight.

423 Fill - Sand

The flexible pavement in Borehole 2 is underlain by a 1.7 m thick layer of sand fill that extends to elevation
98.5 m. Standard Penetration tests carried out in the sand fill measured SPT N-values ranging from 3 to
20 blows for 0.3 m of penetration suggesting a very loose to compact relative density. The moisture content
(by weight) of a sample of the sand fill is 11%.

The grain size distribution curve of a sample of the sand fill is shown on Figure B1 in Appendix B. The
results show a grain size distribution consisting of 18% gravel, 75% sand and 7% silt and clay size particles.

4.2.4  Fill - Silty Sand

A 2.3 m thick layer of silty sand fill was encountered in Borehole 2 extending to a depth of 4.4 m below
ground surface or to elevation 96.2 m. Standard Penetration tests performed in the silty sand fill gave SPT
N-values that range from 5 to 12 blows for 0.3 m of penetration indicating a loose to compact relative
density. The natural water content of samples of the silty sand fill varies from 13% to 18% by weight.

The grain size distribution curve of a sample of the silty sand fill is shown on Figure B2 in Appendix B. The
results show a grain size distribution consisting of 1% gravel, 58% sand, 34% silt and 7% clay size particles.

Terraprobe Inc 3
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4.2.5 Fill = Clayey Silt to Silty Clay

Clayey silt to silty clay fill was encountered across the site. The locations, thicknesses, depths and base
elevations of the silty clay fill are summarized in the following table.

Silty Clay Fill Borehole Data

Borehole No. Fill Thickness (m) Fill Depth (m) Fill Base Elevation (m)
BH1 0.7 0.7 96.4
BH2 2.3 6.7 93.9
BH3 0.6 0.7 94.0

Standard Penetration tests performed in the clayey silt to silty clay fill gave N-values that range from 2 to
6 blows for 0.3 m of penetration indicating a soft to firm consistency. The natural water content of samples
of the clayey silt to silty clay fill range from 12% to 19% by weight.

The grain size distribution plots of two samples of the clayey silt to silty clay fill are depicted on Figure B3
in Appendix B. The results show a grain size distribution consisting of 0% and 1% gravel, 14% and 31%
sand, 51% and 64% silt and, 17% and 22% clay size particles.

Atterberg limits tests were also carried out on two samples of the clayey silt to silty clay fill and the results
are plotted on the plasticity chart, Figure B4 in Appendix B. These values indicate that the fill is a low
plasticity cohesive soil (CL-ML and CL). The results from the Atterberg limits tests are summarized below:

Liquid Limit: 18% and 24%
Plastic Limit: 13% and 16%
Plasticity Index: 5% and 8%
Natural Moisture Content: 19%

426 Peat

A layer of fibrous peat was encountered in Borehole 3 below the silty clay fill. The peat layer is 0.7 m thick
and it extends to elevation 93.3 m.

A Standard Penetration test carried out in the peat layer measured a SPT N-value of 2 blows for 0.3 m of
penetration. The moisture content (by weight) of a sample of the peat is 88%.

4.2.7  Clayey Silt to Silty Clay Till

Till units ranging in composition from clayey silt to silty clay were encountered. The clayey silt to silty clay
till deposit is divided into upper and lower layers by an interbedded silt layer. Summarized in the following
table are the locations, thicknesses, explored depths and base elevations of the clayey silt to silty clay till.

Terraprobe Inc 4
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Clayey Silt to Silty Clay Till Borehole Data

Clayey Silt to Silty Clayey Silt to Silty Clayey Silt to Silty
Borehole No. Clay Till Clay Till Clay
Thickness (m) Depth of Deposit (m) Base Elevation (m)
Upper Clayey Silt Till Layer
BH1 3.7 4.4 92.7
BH2 2.6 9.3 91.3
BH3 2.9 4.3* 90.4
Lower Clayey Silt to Silty Clay Till Layer
BH1 11.9 17.9 79.2
BH2 10.8 20.9 79.7

* Borehole termination depth.

Standard Penetration tests carried out in this deposit measured SPT N-values that range from 10 to more
than 100 blows per 0.3 m of penetration indicating a stiff to hard consistency. The natural water content of
samples retrieved from these strata range from 8% to 37% by weight.

Grain size distribution tests were carried out on six samples of the clayey silt to silty clay till and the results
are illustrated in Figure B5 in Appendix B. The results show a grain size distribution consisting of 0% to
1% gravel, 5% to 17% sand, 61% to 72% silt and 20% to 27% clay size particles.

Frequent cobble and boulder inclusions were encountered in Borehole 2 at a depth of 18.9 m to 20.9 m
below ground surface and NQ-size diamond coring techniques were used to extend the borehole below the
cobbles and boulders. Photographs of the cobbles and boulders are provided in Figure B8 in Appendix B.

Atterberg limits tests were also carried out on six samples of the clayey silt to silty clay till and the results
are plotted on the plasticity chart, Figure B6 in Appendix B. The results indicate that the till matrix generally
consists of low plasticity (CL-ML and CL) clayey silt to silty clay soils. The Atterberg limits test results are
summarized below.

16% to 23%
12% to 15%
4% to 8%
12% to 19%

Liquid Limit:

Plastic Limit:

Plasticity Index:

Natural Moisture Content:

4.2.8 Silt

Embedded between the clayey silt to silty clay till layers, there exists a layer of silt. Summarized below are
the locations, thicknesses, depths and base elevations of the silt deposit.

Silt Borehole Data

Borehole No Silt Silt Silt
' Thickness (m) Depth (m) Base Elevation (m)

BH1 1.6 6.0 91.1

BH2 0.8 10.1 90.5

Terraprobe Inc 5
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The N-values of Standard Penetration tests carried out in the silt deposit range from 44 to 62 blows per
0.3 m of penetration, suggesting a dense to very dense relative density and, the moisture content of two
samples of this deposit are 20% and 21% by weight.

The grain size distribution curve of a sample of the silt is shown on Figure B7 in Appendix B. The results
show a grain size distribution consisting of 0% gravel, 0% sand, 95% silt and 5% clay size particles.

429 Bedrock

The overburden soils are underlain by granodiorite schist bedrock. Summarized below are the depths to
bedrock and the bedrock surface elevations.

Bedrock Borehole Data

Borehole Depth to Bedrock Top of Bedrock Elevation
No. (m) (m)
BH1 17.9 79.2
BH2 20.9 79.7

The granodiorite schist bedrock is described as unweathered, massive brownish grey rock of very high
strength (estimated by chipping rock specimens with a geological hammer). Photographs of the bedrock
core samples are provided in Figures B9 in Appendix B. Summarized below are the Rock Quality
Designation, Rock Mass Quality, Total Core Recovery and Solid Core Recovery.

Rock Core Sample Data

Borehole No Rock Quality Rock Mass Total Core Solid Core
" | Designation (RQD) Quality? Recovery (TCR) Recovery (SCR)
BH1 87% Good 100% 87%
BH2 100% Excellent 100% 100%
4.3 Ground Water Levels

The ground water conditions were observed in the boreholes during and upon completion of drilling and
standpipe piezometers were installed in Borehole 1 and Borehole 2. The ground water levels measured in
the piezometers are summarized in the following table:

Ground Water Level Data

Borehole Water Levels
Date -

No. Depth (m) Elevation (m)

BH1 September 16, 2014 0.1 97.0
October 27, 2014 0.3 96.8

BH2 September 16, 2014 2.7 97.9
October 27, 2014 2.4 98.2

2 Deere et al., 1967.
¢ ‘ Terraprobe Inc 6
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The ground water elevations in Borehole 1 and 2 are higher than the floodplain elevation of the creek
indicating that a hydrostatic head exists in the lower clayey silt to silty clay till in which the piezometer
screens were made. The free water level at this site is estimated to be at an approximate elevation of
94 .0+ m (flood plain level) based on the soil moisture conditions and the ground surface topography.

5.0 MISCELLANEOUS

The investigation was carried out using drilling equipment supplied and operated by Landcore Drilling of
Chelmsford, Ontario. The field operations were supervised by Mr. Wen Zhu and the routine laboratory
testing was carried out at Terraprobe’s Brampton laboratory.

This report was prepared by Mr. Rehman Abdul, P.Eng., a Senior Geotechnical Engineer and Principal with
Terraprobe with assistance provided by Ms. Sepideh D-Monfared, MESc. Mr. Michael Tanos, P.Eng.,
Terraprobe’s Designated MTO Contact conducted an independent quality control review.
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6.0 DISCUSSION AND ENGINEERING RECOMMENDATIONS
6.1 General

This report presents interpretation of the geotechnical data in the factual report and presents preliminary
geotechnical design recommendations to assist the design team to select a preferred culvert rehabilitation
alternative. The discussion and recommendations presented in this report are based on our understanding
of the project and our interpretation of the factual data obtained from the subsurface investigations. These
geotechnical recommendations are for planning and preliminary design purposes only, as part of the
assessment of the feasibility and constructability of potential alternatives.

When designing culverts, the economic analysis usually includes factors such as estimated service life,
construction cost, maintenance cost, replacement cost, risk of failure, and risk of property damage. The
material choice includes steel, concrete, high density polyethylene and polyvinyl chloride. The most
economical culvert is neither the one with the lowest initial cost nor the culvert with the longest service life.
Short and long term costs should be considered in both the original designs and in repairs or replacements.
Fish passage is also an important factor that affects the choice of culvert type. Some factors that are to be
considered include:

® Steel and plastic culverts have the advantage of simpler and quicker construction, which is
especially advantageous in remote areas. Steel also has the added advantage of often being at
least partly salvageable;

® A well designed concrete culvert is extremely durable under a wide range of conditions;

®  Precast concrete and smooth walled plastic pipes provide more efficient inlets than sharp edged
inlets on metal culverts;

®  The greater roughness of corrugated interiors may be an advantage for fish passage and for other
situations where barrel or outlet velocities must be reduced;

®  Flexible pipe culverts may have an advantage over concrete box culverts in certain unfavourable
foundation soil conditions; and

®  Normally where weak foundation soils and/or settlement sensitive soils exist concrete box culverts
or pipe culverts may provide better solutions.

The existing culvert consists of a 2.4 m diameter and 30.3 m long Structural Plate Corrugated Steel Pipe
(SPCSP) with upstream and downstream invert elevations of 93.81 m and 93.79 m respectively. The
maximum height of embankment fill at the site is approximately 6.7+ m. Listed below are the alternative
rehabilitation solutions that were considered.

®  Alternative 1 — Slip-lining the existing culvert with a 2120 mm inside diameter (ID) round tunnel liner
plate;

®  Alternative 2 — Slip-lining the existing culvert with a 1961 mm ID high density polyethylene pipe;

®  Alternative 3 — Slip-lining the existing culvert with a 1811 mm ID high density polyethylene pipe;

®  Alternative 4 — Paving the culvert invert with 100 mm thick concrete; and

®  Alternative 5 — Replacing the existing culvert with a single span 2.4 m x 1.8 m precast concrete box
culvert while maintaining one lane of traffic with roadway protection and temporary signals; and

®  Alternative 6 — Replacing the existing culvert with a single span 2.4 m x 1.8 m precast concrete box
culvert while maintaining one lane of traffic with temporary detour and a temporary culvert.

Terraprobe Inc 8
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6.2 Slip Lining

Rehabilitating culverts by slip lining is one of several methods available for extending the life of an existing
culvert. It is often cost effective when compared to complete replacement, particularly where there are
deep fills or where open cut excavations would cause extensive traffic disruptions.

At this site the embankment is approximately 6.7+ m high and the roadway consists of two lanes i.e. a
single lane in each direction. Therefore, either a temporary detour, or lane reduction to single lane traffic
will be required to install a new culvert. Building a temporary detour or installing a temporary protection
system to accommodate a lane reduction are expensive options. Additionally, both of these construction
options (temporary detour and lane reduction) will cause traffic disruptions.

A thorough examination of the existing culvert is necessary to ensure that it is a candidate for rehabilitation
by slip lining. The choice of material used for slip lining should be based on functionality and life cycle
costs. Based on the existing site and culvert conditions, Alternatives 1, 2, 3 and 4 are feasible and practical
options. Practical construction methodologies for slip lining around the timber posts within the existing
culvert should be taken into consideration.

Full length grouting of the liner is recommended to affix the liner to the existing culvert thereby increasing
hoop strength and, reducing the potential for joint leakage that can create future piping problems. The
grout shall be suitable for low pressure pumping into the void between the liner and the existing culvert and
should be compatible with the liner and culvert material. Grout pressure must be monitored to minimize
the potential for liner and culvert damage from excessive grout pressure.

6.3 Foundation Alternatives

If a culvert replacement is selected as the preferred option, the upstream and downstream invert elevations
of the replacement culvert will be similar to the existing culvert i.e. 93.8+t m approximately. The borehole
data indicates that a new culvert can be supported on spread footings designed to bear on the very stiff to
hard clayey silt to silty clay till deposit that exists above and close to the proposed design invert. Therefore,
alternative foundation schemes such as augered caissons and driven piles are impractical and were
therefore ruled out from further consideration.

6.3.1 Geotechnical Resistances Strip Footings

The recommended highest founding depths and geotechnical resistances for strip footings (minimum
footing width of 1.2 m) founded on undisturbed competent natural soils are tabulated as follows:

Footing Depths and Geotechnical Resistance For Spread Footings

Borehole Existing Bottom of Highest Factored Geotech.
; Footing Level . Geotech. )
Location Ground L Founding . Reaction at .
Below Existing . Resistance Subgrade Soil
And Surface d f Elevation SLS
Number Elev. (m) Ground Surface (m)* at ULS (kPa)
' (m) (kPa)
BH 1 97.1+ Below 0.7+ Below 96.4 300 200 Clayey Silt Till
BH 2 100.6+ Below 6.7+ Below 93.9 300 200 Clayey Silt Till
BH 3 94.7+ Below 1.4+ Below 93.3 300 200 Clayey Silt Till

* Structural engineer shall select a design founding elevation based on site topography, frost depth and structural dimensions.
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Since the silty clay till is susceptible to disturbance when wet, it is recommended that a 75 mm thick layer
of lean concrete (mud mat) be poured on the foundation bearing surfaces as soon as possible after
excavation and approval.

The ULS and SLS values provided herein are for vertical, concentric loads only. Effects of load inclination
and eccentricity should be taken into account as illustrated in the Canadian Highway Bridge Design
Code 2006 (CHBDC 2006), Clause 6.7.3 and Clause 6.7.4. The recommended SLS values correspond to
a settlement of up to 25 mm, a significant portion of which will be complete by the end of construction.

6.3.2 Ultimate Coefficient of Friction

Resistance to lateral forces/sliding resistance between the concrete footing and the subgrade soils should
be evaluated in accordance with the CHBDC 2006. The following ultimate coefficient of friction values are
recommended between concrete and the bedding material or subgrade soils:

®  OPSS Granular ‘A’ — ultimate coefficient of friction of 0.7; and
®  Silty Clay till — ultimate coefficient of friction of 0.6.

6.3.3  Design Frost Depth

For frost protection purposes it is not necessary to found a box culvert at or below the frost depth, as the
box structure is tolerant of small magnitudes of movement related to freeze-thaw cycles, should these
occur. However, frost treatment for a box culvert should conform to OPSD 803.010.

Strip footings for an open footing culvert and for any associated retaining walls, should be founded at a
minimum depth of 2.5 m of earth cover below the lowest surrounding grade to provide adequate protection
against frost penetration, as per OPSD 3090.100. In addition, the footings should extend below any existing
fill and surficial organic materials, where present.

6.4 Lateral Earth Pressure

Earth pressures are generally calculated using the following expression:

Pn=K(yh + q)

Pnh = horizontal pressure on the wall (kPa)

K = lateral earth pressure coefficient

v = unit weight of retained soil (kN/m3)

h = depth below top of fill where pressure is computed (m)
g = value of any surcharge (kPa)

Earth pressures acting on the structure should be computed in accordance with Clause 6.9 of the
CHBDC 2006 and according to Clause 6.9.3 of the CHBDC 2006; a compaction surcharge should also be
added. For soils with an angle of internal friction ranging from 30° to 35° the magnitude should be 12 kPa
at the top of the fill decreasing linearly to 0 kPa at a depth of 1.7 m; or decreasing linearly to 0 kPa at a
depth of 2.0 m for soils with an angle of internal friction that exceeds 35°. Compaction equipment including
hand operated vibratory equipment should be in accordance with OPSS.PROV 501.
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Earth pressure coefficients for backfill to the culvert and retaining walls are dependent on the material used
as backfill and typical values are provided in the following table.

Lateral Earth Pressure Coefficients

Lateral Earth Pressure Coefficient (K)
Existing Earth Fill OPSS Granular A or OPSS Granular B Type |
OPSS Granular B Type I
= O o = 3 = 0v o = 3 = [P 3
Wall Condition ¢ =30° v =19.0 kN/m ¢ = 35° y =22.8 KN/m ¢ =32° y=21.2kN/m
Horizontal Sloping Horizontal Sloping Horizontal Sloping
Surface Surface Surface Surface Surface Surface
Behind Behind Wall Behind Behind Wall Behind Behind Wall
Wall (2H:1V) Wall (2H:1V) Wall (2H:1V)
Active * * *
(Unrestrained Wall) 0.33 0.54 0.27 0.38 0.30 0.46
At rest
(Restrained Wall) 0.50 ) 0.43 . 0.47 )
Passive (Movement
Towards Soil Mass) 3.00 ) 3.70 ) 3.30 )

* For retaining walls.

The lateral earth pressure coefficients in the table above are “ultimate” values that require certain structural
movements for the respective conditions to be mobilized. The values to use in design can be estimated
from Figure C6.16 in the Commentary to the CHBDC, 2006.

6.5 Culvert Bedding and Backfill

Structural backfill and cover around the culvert should be placed in accordance with the limits illustrated in
OPSD 803.010 (concrete culvert). The backfill should consist of free-draining, non-frost susceptible
granular materials in accordance with OPSS.PROV 1010. All structural backfill should be placed in loose
lifts not exceeding 150 mm thick and should be compacted to at least 95 % of the materials Standard
Proctor Maximum Dry Density (SPMDD).

During all stages of backfill placement the differential backfill height shall not be greater than 400 mm and,
backfilling operations should be carried out in accordance with OPSS 902. Heavy compaction equipment
should not be used adjacent to the walls and roof of the culvert. Compaction equipment should be restricted
in accordance with OPSS.PROV 501.

Bedding material should consist of OPSS Granular “A” material placed and compacted to 95% of the
materials SPMDD in accordance with Section 422.07.07 of OPSS.PROV 422. Additional bedding
requirements that may be imposed by the supplier must also be followed.

To achieve the specified compaction, soils used for non-structural backfill must neither be too wet nor too
dry of their optimum moisture content. Soils that are too wet cannot be used immediately because the
material will have to be dried to a moisture content of 2+ % of optimum. If the construction operations are
time sensitive, the use of imported earth fill may be considered. Soils that are dry of optimum can be used
immediately provided that the material is moisture conditioned (i.e. water added) to achieve a moisture
content of 2+ % of optimum. The existing embankment fill (sand and silty sand) can be re-used for non-
structural backfill provided they are free of organics and other deleterious material.
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6.6 Erosion Protection

Erosion protection should be provided at the culvert inlet and outlet (including the slopes and sides). At the
inlet area a clay seal can be provided such that water is channelled through the culvert and does not seep
through the backfill around and underneath the structure. The clay seal should extend to cover all the
granular backfill materials, should be a continuous layer around the culvert, should have a minimum
compacted thickness of 0.6 m, and should extend at least 1 m above the high water level. The clay seal
should also be protected by a layer of rip-rap. Material used for the clay seal should conform to the
requirements stipulated in OPSS 1205. Concrete cut-off and head walls can also be used as an alternative
to a clay seal to protect the granular fill around the culvert from erosion.

Design of an erosion protection scheme for the stream bed in the inlet and outlet areas will depend on
hydrologic, hydraulic and/or other concerns. Typically, rip-rap protection should be provided to these areas.
The rip-rap layer should cover all surfaces on the embankment slopes with which creek water is likely to be
in contact.

We recommend that a qualified Hydraulics Engineer be consulted to design the specifics of the channel,
culvert outlet and inlet (i.e. thickness and extent of protection) and scour depth. Footings must also be
placed below the scour depth.

6.7 Excavations

All excavations must be carried out in accordance with the guidelines outlined in the Occupational Health
and Safety Act (OHSA) and Regulations for Construction Projects. Where workers must enter excavations
extending deeper than 1.2 m, the trench walls must be suitably sloped and/or braced in accordance with
the OHSA. Within the envisaged depths of temporary excavations (i.e. up to elevation 93.0 m), the OHSA
soil classifications are:

®  Embankment fill — Type 3 soils; and
®  Clayey silt to silty clay till — Type 2 soils.

The side slopes of temporary excavations may be formed no steeper than 1H:1V for Type 2 and Type 3
soils. Excavations should be carried out in accordance with OPSS 902.

6.8 Ground Water Control

Surface water and ground water control will be necessary to enable construction below the ground water
table. We recommend temporarily diverting the flow of creek water away from the construction area.
Around the perimeter of the excavation, a cofferdam and an interceptor perimeter trench should also be
installed to prevent surface water from entering the excavation.

The design, installation, operation and maintenance of the dewatering system is the Contractor’s
responsibility. The excavation will extend through the existing embankment fill terminating in the cohesive
clayey silt to silty clay till deposit. A suitable dewatering system that can be employed is gravity drainage
and pumping from strategically placed filtered sumps.
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6.9 Embankments
6.9.1  Stability

The global, internal and surficial stability of the embankment will depend on the slope geometry and also
to alarge degree on the material used to construct the embankment. Two scenarios related to embankment
stability were examined, namely:

®  Slip Lining Option — verification that the global stability of the existing embankment is equal to or
greater than a minimum target factor of safety of 1.3; and

®  Culvert Replacement Option — verification that the global stability of a new embankment
constructed at a minimum 2 Horizontal to 1 Vertical (2H:1V) side slope geometry will be equal to
or greater than a minimum target factor of safety of 1.3.

For the purpose of embankment stability analyses, the commercially available slope stability program
Slide 6.0 developed by Rocscience Inc. was used and the Morgenstern-Price and Spencer methods for
stability analysis were employed. The soil parameters used for the slope stability analyses of the two
scenarios outlined above and the factors of safety that were obtained are provided in the following table.
These soil parameters were established from predictions/empirical correlations using SPT N-values,
laboratory results and back calculation of the existing slopes, tempered with engineering judgement from
our experience with similar soils in this region of Ontario.

The slope stability models depicting the corresponding factors of safety are provided in Figures C1 and C2
in Appendix C. Our analyses indicate that the factors of safety of the existing embankment will be equal to
the target factor of safety of 1.3. A factor of safety of 1.3 was also obtained for a new embankment provided
that the embankment is constructed at a minimum 2H:1V side slope or flatter.

Slope Stability Design Parameters and Results

Total Stress Analysis Effective Stress Analysis Unit Weight
Material Type o c o' c' ¥
(degrees) (kPa) (degrees) (kPa) (KN/m3)
Existing Embankment (Slip Lining Option)
Sand to Silty Sand Fill 30 0 19
Clayey Silt Fill 28 0 19
Clayey Silt Till N/A* 33 0 21
Silt 30 0 19
Clayey Silt to Silty Clay Till 33 0 21
Design Factors of Safety - 1.3 -
New Embankment (Culvert Replacement Option)

Embankment Fill 30 0 30 0 20
Clayey Silt Till 0 200 33 0 21
Silt 30 0 30 0 19
Clayey Silt to Silty Clay Till 0 200 33 0 21
Design Factors of Safety 1.3 1.3 -

* Total stress analysis not applicable for the existing embankment.
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6.9.2 Settlement

The embankment settlement analysis (for new embankment construction) was carried out using elastic
deformation moduli established from predictions/empirical correlations using undrained shear strengths,
Atterberg limits and SPT N-values, tempered with engineering judgement from our experience with similar
soils in this region of Ontario. Since the Highway 634 grade will remain unchanged, the additional new
embankment load imparted to the underlying soils is not expected to be greater than about 15+ kPa. Itis
estimated that this additional embankment load will induce about 10+ mm of total settlement in the footprint
area of the new embankment.

Embankments constructed with local earth fill will also settle during construction (fill compression) and, the
magnitude of this settlement is expected to be about 1% of the fill height. This settlement should be
immediate in nature and essentially be complete shortly after construction is complete.

6.9.3 Construction

Materials used for embankment construction should be placed in lifts not exceeding 300 mm (before
compaction), and each lift should be uniformly compacted to at least 95 % of the material's SPMDD.
Embankment construction should be carried out in accordance with OPSS.PROV 209, OPSS.PROV 501
and OPSS.PROV 206. Borrow material must meet the requirements of OPSS.PROV 212 and bonding
between existing fill and new fill should be carried out by benching in accordance with OPSD 208.010.

Proper erosion control measures should be implemented both during construction and permanently.
Temporary erosion and sediment control must be provided in accordance with OPSS 805 and embankment
slopes must be reinstated with permanent erosion protection in accordance with OPSS 803 and
OPSS.PROV 804.

6.10 Temporary Protection Systems

Decisions regarding shoring methods and sequencing are the responsibility of the Contractor. Temporary
protection systems should be designed in accordance with OPSS.PROV 539 and the designs should be
carried out by a licensed Professional Engineer experienced in shoring design.

The shape of the soil pressure distribution diagram behind a temporary protection system depends upon
the type of soil to be encountered and the amount of movement that can be permitted. The sequence of
work will also alter the shape of the pressure diagram during the various construction phases.

Earth pressure computations must also take into account the ground water level. Above the ground water
level, earth pressure is computed using the bulk unit weight of the retained soil. Below the ground water
level, the earth pressures are computed using the submerged unit weight of the soil. A hydrostatic pressure
is also applied if the retained soil is not fully drained.

Flexible shoring should be designed on the basis of the active earth pressure coefficient (Ka). In this case,
the performance level should be Level 2 — Angular Distortion 1:200 but shall not be more than 25 mm.
Where limited shoring movement (Performance Level 1A or 1B) is required the design should be based on
the at rest earth pressure coefficient (Ko). For “kick out” design the lateral resistance should be computed
on the basis of the passive earth pressure coefficient (Kp). It should be noted that the lateral earth pressure
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coefficients chosen for design require certain movements for the active and passive conditions to be
mobilized.

The appropriate lateral earth pressure parameters for use in the design of temporary protection systems
are provided in the following table. The lateral earth pressure coefficients are based on the assumption
that the ground surface behind the temporary protection system is horizontal. Where the retained ground
is sloping, the lateral earth pressure coefficients must be adjusted to account for the slope and, these earth
pressure coefficients can be estimated from the equations provided on Figures C6.17 and C6.18 of the

CHBDC 2006.

Temporary Protection System Design Parameters

. . At - Rest Passive
F/:'rf;'lc:e | Unitweight | ASHve Earth Earth Earth

Stratigraphic Unit v oo Pressure Pressure
) Coefficient oo %

(KN/m3) Coefficient Coefficient
(degrees) Kz Ko Ko

Existing Fill Soils 30 19 0.33 0.50 3.00
Clayey Silt to Silty Clay Till 33 21 0.29 0.46 3.39
Silt 30 19 0.33 0.50 3.00

For the design of shoring in cohesive silty clay soils, the ultimate horizontal resistance can be estimated as
4cy, where cu is the undrained shear strength of the silty clay in this zone. For preliminary design purposes
cu value of 200 kPa can be used for the clayey silt to silty clay till.

6.11

The site is treated as lying in Seismic Zone 1. Reference to Annex A3.1 of the CHBDC 2006 indicates that
the following seismic parameters (Smooth Rock Falls) should be used for design:

Seismic Requirements

®  Velocity Related Seismic Zone 0;
®  Zonal Velocity Ratio 0.05;
®  Acceleration Related Seismic Zone 1;

®  Zonal Acceleration Ratio
®  Peak Horizontal Ground Acceleration

0.05; and
0.08 g (10% in 50 years).

The soil profile type at this site has been classified as Type | and the Site Coefficient “S (ground motion
amplification factor) that should be used in seismic design as per Clause 4.4.6.1, Table 4.4 of the CHBDC
is 1.0. Culverts should be designed in accordance with Clause 7.5.5 of the CHBDC for a seismic event
having a 10% probability of being exceed in 50 years. The vertical component of the earthquake
acceleration ratio (Av) shall be two-thirds of the horizontal ground acceleration ratio (An) and An shall be set
equal to the zonal acceleration ratio.

6.12

It is recommended that the following issues be considered during the future detail design studies.

Additional Studies

®  Confirm and further refine the preliminary geotechnical recommendations based on the selected
option;
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Carry out detail level foundation investigations if deemed necessary; and
®  Prepare Non Standard Special Provisions for the slip-lining option.

7.0 CLOSURE

This report was prepared by Mr. Rehman Abdul, P.Eng., a Senior Geotechnical Engineer and Principal with
Terraprobe; with assistance provided by Ms. Sepideh D-Monfared, MESc. Mr. Michael Tanos, P.Eng.,
Terraprobe’s Designated MTO Contact conducted an independent quality control review.
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