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Geocres No: 30M15-282  

1 INTRODUCTION 

WSP Canada (WSP) was retained by Ainley & Associates Limited (Ainley) to carry out foundation investigations 

to provide necessary geotechnical information and make recommendations to construct the New Commuter 

Carpool Lot (CCL) bridge structure (24 m single span) located about 650 m north of Halls road and Dundas 

Street intersection, Whitby, Ontario. The structure is located in the Region of Durham, under the Central Region 

of the Ministry of Transportation (MTO). These form part of the work under MTO contract No. 2081-12-00.   

This report addresses pertinent geotechnical information for the design and construction of the new CCL bridge 

structure.  As part of the work under MTO 2081-12-00 contract, the new CCL bridge structure at  Sta. 1+061 will 

be constructed as shown on the General Arrangement (GA) Drawing (dated January 26, 2016; prepared by 

Planmac Engineering Inc. (Planmac)).  

The purpose of the Geotechnical Investigation was to determine the sub-surface conditions at the site by means 

of boreholes, field and laboratory tests. Based on the information obtained, the engineering characteristics of the 

subsurface soils are assessed and site conditions are described to develop geotechnical recommendations 

regarding bridge foundation options for the proposed bridge structure. 

2 BACKGROUND INFORMATION 
2.1 GEOLOGICAL SETTING 

According to surficial geology of the Oshawa area map (MNDM-3331), regionally the project site lies within the 

glacial lake deposits, which has been characterized mainly as a silt and clay, massive to laminate and silt and 

clay interbedded with diamicton and some lone stones. According to MNDM (Map 2544), bedrock underlying the 

site comprises Upper Ordovician age shale (Whitby formation), limestone, dolostone, and sandstone. It is 

typically weathered and often there is a till/shale complex at the contact of the bedrock with the overburden 

above.  This till/shale complex contains broken pieces of the shale bedrock mixed with clayey sand till/clayey silt 

till.  

2.2 PREVIOUS GROUND INVESTIGATIONS 

The general geology of the area was evaluated using regional data collected (MOE water well records (WWR)). 

Part A: FOUNDATION INVESTIGATION REPORT 

DUNDAS STREET/WEST DURHAM LINK COMMUTER CARPOOL LOT BRIDGE 
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Part A of this report presents factual information concerning the subsurface conditions based on all the 

subsurface information at hand and is followed by Part B wherein engineering discussion and recommendations 

are made for the design and construction of the proposed CCL bridge structure. Early in the investigation, this 
site was also referred to as 407 Commuter Carpool Lot Bridge.



2 
 

The wells were reportedly used for domestic water supply purposes and were installed in the Clay silt (till-shale 

complex) or Sand deposits. 

Well records indicate that the depth to the Till-shale complex on west side of the Halls road is approximately 3.0 

m. However, on the east side of Halls road, deeper overburden soils (about 8 m thick) are present. 

Recorded water levels from the water well records in the vicinity of the site area, indicated that static water levels 

were generally at least 4.5 mbgs. Perched water within fill material may also be encountered. 

2.3 SITE DESCRIPTION 

The key plan of the site location is shown on Drawing 1a . The bridge site lies on the east of Halls road north 

and it is an undeveloped and generally well vegetated and treed landscape. Photographs 1 to 6 (all photographs 

in Appendix C ) give a general impression of the proposed site. 

All geographic directions used in this report are with reference to the “Construction North “direction 

shown on the GA drawing . 

2.4 PROPOSED STRUCTURE 

Initially the creek crossing was proposed as a culvert structure. It was subsequently revised as a single span 

bridge with an extended span length. 

Nearby Road Halls Road North, Whitby, Ontario 

Station 1 + 061 

Span (m) 24.0 

Number of Lanes 2 

Lane width (m) 3.75 m 

Skew (degrees): perpendicular to the abutment 

axis and road centerline 
0 

Abutment Height (m) 4.0 (max.) 

Wing wall Length (m) 7.0 

Superstructure  CPCI girders with Concrete deck  

At this bridge site, the proposed road embankment is approximately 4 m high and of El. 88.5 m on the road 

Foundation Investigation Report 
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The details of the proposed structure are given in Table 2-1 . 

Table 2-1: Details of Dundas Street/West Durham Link CCL Bridge (Based on the GA drawing) 
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centerline. Based on the GA drawing, and the cross-sections provided, the toe of the west side slope of the north 

approach embankment overlies the creek with side slopes of 2 H: 1V. 

3 FIELD AND LABORATORY INVESTIGATIONS 
3.1 FIELD INVESTIGATIONS 

Nine (9) boreholes (C1 to C6 and A1 to A3) were drilled for the proposed bridge. The boreholes were drilled 

between March 18, 2015 and November 30, 2015. Boreholes BH-A1 to A3 and BH-C1 to C4 were initially carried 

out to address a culvert structure mentioned in Section 2.4. The conversion of the water crossing structure to a 

single span bridge with an extended span necessitated two additional boreholes, BH-C5 and BH-C6. At the time 

these two additional boreholes were carried out, the north abutment of the bridge structure was not fixed (the 

south abutment was as proposed previously for the culvert structure and remained the same). The locations for 

these additional boreholes were based on approximate locations for the north abutment, based on discussions 

with the structural designers. 

Boreholes BH-C1 and BH-C2 were drilled at the proposed south abutment locations to depths of 9.2 m and 11.8 

m respectively. Boreholes BH-C3 and BH-C4 were drilled to address the now revoked culvert north abutment to 

depths of 9.3 m and 8.2 m respectively. Boreholes BH-C5 and BH-C6 were drilled at the proposed north abutment 

location (approximate) to depths of 7.7 m and 10.2 m respectively. On the south approach embankment side, 

two boreholes (BH-A1 and BH-A2) were drilled to depths of 9.2 m and 6.2 m respectively whereas BH-A3 was 

drilled in the north approach embankment side to a depth of 7.3 m. 

Prior to drilling operations, underground utilities were cleared at the borehole locations by representatives of 

public, private companies and MTO. 

The borehole investigation results are documented in Appendix A . The exploratory borehole locations are 

shown on Drawing 1a  following the text of the report. A summary of the borehole information is given in Table 

3-1. 

Table 3-1: Summary of Borehole Details 

BH 

No: 

*Co-ordinates 

(m) 

Ground 

Elevation (m) 

Drilled 

Depth 

(m) 

Remarks 

BH-A1 E 346322 

N 4859750 

87.7 9.2 South approach embankment area; SBL shoulder; 

Solid stem auger; terminated within inferred 

bedrock; split spoon sampling and rock coring 

BH-A2 E 346338 

N4859752 

86.9 6.2 South approach embankment area; SBL; Solid 

stem auger; terminated within the till/shale 

Foundation Investigation Report 
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BH 

No: 

*Co-ordinates 

(m) 

Ground 

Elevation (m) 

Drilled 

Depth 

(m) 

Remarks 

complex; split spoon sampling 

BH-A3 E 346395 

N4859768 

85.3 7.3 North approach embankment area; C/L of road; 

Solid stem auger; terminated within inferred 

Bedrock; split spoon sampling and rock coring 

BH-C1 E346358 

N4859741 

87.7 9.2 In the vicinity of south Abutment; Offset 13.8 m Rt. 

from C/L; solid stem auger; terminated on inferred 

bedrock; split spoon sampling and piezometer 

installed. 

BH-C2 E346346 

N4859766 

86.8 11.8 In the vicinity of south Abutment; Offset 13.4 m Lt. 

from C/L; solid stem auger; terminated within 

bedrock; split spoon sampling and rock coring 

BH-C3 E346371 

N4859749 

85.0 9.3 In between south and north abutments; Offset 10.7 

m Rt. from C/L; solid stem auger; terminated within 

bedrock; spilt spoon sampling and rock coring 

BH-C4 E346363 

N4859769 

85.3 8.2 In between south and north abutments; Offset 

11.0m Lt. from C/L solid stem auger; terminated 

within inferred bedrock; spilt spoon sampling and 

rock coring 

BH-C5 E346381 

N4859754 

85.0 7.7 In the vicinity of north Abutment: Offset 9 m Rt. 

from C/L; Solid stem auger: terminated on inferred 

bedrock; split spoon sampling 

BH-C6 E346380 

N4859772 

85.3 10.2 In the vicinity of north Abutment ; Offset 9 m Lt. 

from C/L; Solid stem auger: terminated within 

inferred bedrock; split spoon sampling, rock coring 

and piezometer installed 

NBL – northbound lane;   SBL – southbound lane; *based on MTM NAD 83 Zone 10 coordinates 

The boreholes were drilled using a track-mounted CME 55/75 rigs (owned/operated by DBW drilling and Drilltek 

drilling). These boreholes were advanced using solid stem augers (150 mm diameter). 
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Soil samples in the boreholes were taken at frequent intervals of depth by the Standard Penetration Test Method 

(SPT), in general accordance with ASTM D1586. The test consists of freely dropping a 63.5 kg hammer a vertical 

distance of 0.76 m to drive a 51 mm O.D. split barrel (SS-split-spoon) sampler into the ground. The number of 

blows of the hammer required to drive the sampler into the relatively undisturbed ground by a vertical distance 

of 0.30 m is recorded as the Standard Penetration Resistance (SPT) or the N-value of the soil. This is indicative 

of the compactness condition of granular (or cohesionless) soils (gravels, sands and silts) or the consistency of 

cohesive soils (clays and clayey soils). 

In-situ shear vane tests (with a MTO ‘N’ vane) were carried out within the cohesive soils when the consistency 

of such soils allowed to obtain an indication of the shear strength of the soil. 

The WSP borehole investigation was carried out under full-time supervision of WSP engineering staff who 

directed the drilling and sampling operation, logged borehole data in accordance with MTO Soils Classification 

System and soil samples retrieved for subsequent laboratory identification and testing. The recovered soil 

samples were placed in labelled moisture-proof bags, and returned to WSP’s Vaughan laboratory for further 

assessment. 

3.2 LABORATORY INVESTIGATIONS 

A laboratory testing program, consisting of natural moisture content, Atterberg Limits tests and grain size 

analyses, was performed on selected representative samples. The results of the laboratory tests are presented 

on the appropriate Record of Borehole Sheets in Appendix A  and details of grain size distributions and Atterberg 

limits are given in Appendix B. 

3.3 GROUNDWATER INVESTIGATIONS 

Groundwater conditions in the boreholes were observed during and on completion of drilling in the open 

boreholes. A standpipe piezometer was installed in Boreholes BH C1 and BH C6 upon their completion to enable 

long term groundwater level monitoring. The rest of the boreholes were grouted using a cement/bentonite mixture 

as per MTO procedures. As part of the construction, the piezometers need to be decommissioned in accordance 

with Ontario Regulation 903 (amended to Ontario Regulation 372/07). 

Table 3.2 below provides information about the piezometers installed for this investigation, including ground 

surface elevations, well depths, and the approximate elevations for the well screens. 

Table 3-2: Piezometer Installation Details 

BH ID Ground Surface 

Elevation (m) 

Borehole Bottom Well Screen Interval 

Depth, m 

Well Screen Interval 

Elevation, m 

Depth 

(m) 

Elevation 

(m) 

From To From To 

BH C1 87.7 9.2 78.5 3.1 6.1 84.6 81.6 

Foundation Investigation Report 
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BH ID Ground Surface 

Elevation (m) 

Borehole Bottom Well Screen Interval 

Depth, m 

Well Screen Interval 

Elevation, m 

Depth 

(m) 

Elevation 

(m) 

From To From To 

BH C6 85.3 10.2 75.1 4.5 6.1 80.8 79.2 

4 SUBSURFACE CONDITIONS 
4.1 GENERAL 

The subsurface conditions encountered at the bridge location are described in the following sections. For 

purposes of soil description, the MTO soil classification manual was generally followed. 

A borehole location plan with a subsurface profile and cross-sections are shown on Drawing 1a and 1b at the 

end of the text. It should be noted that the subsurface conditions may vary in between and beyond the borehole 

locations. Drawing 1a and 1b that presents inferred stratigraphic details at the bridge location are based on the 

borehole data. The strata boundaries shown should not be interpreted as exact planes of geological change but 

rather as inferred transitions from one soil type to another. 

The soil descriptions are based on visual and tactile observations, and complemented by the results of field and 

laboratory soil test results. It should be noted that the subsurface conditions and the topsoil thicknesses 

encountered may vary in between and beyond the borehole locations. 

An overview of subsurface conditions is described below. All depths quoted are below existing ground surface. 

It is to be noted that based on the borehole data, the elevations (El.) reported for strata boundaries are from the 

shallowest occurrence to the deepest occurrence. 

4.2 OVERVIEW 

In general terms, the stratigraphic sequence encountered can be described as topsoil underlain by silty 

clay/clayey silt/sandy silt with organics. The underlying native deposits consisted of silty clay/silty sand followed 

by glacial tills (silty clay/silty sand). These were underlain by a till shale complex (with explored thicknesses 

between 1.3 m and 5.4 m) overlying shale bedrock/inferred of the Whitby formation at shallow depths ranging 

from 6.1 m to 9.1 m. 

The hard clayey silt till shale complex contains varying amounts of shale fragments and overlies the shale 

bedrock. The Bedrock was cored in three boreholes with coring advanced exceeding 3.0 m in length in BH-C2 

and BH-C3 only, whilst the shale was contacted in all the boreholes except in BH-A2, within the investigated 

depths. The elevation on top of the bedrock varied between 80.1 m and 77.2 m across the investigated holes 

where shale was contacted. 

A borehole at each abutment location (or in close proximity) was installed with a piezometer. The measured 
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groundwater level generally varied from 1.0 m to 3.0 below existing ground surface at the borehole locations 

(i.e., elevations of 85.9 to 83.8 m). However, it must be noted that the factual data presented on the Record of 

Borehole Sheets would govern any interpretation of the site conditions. 

The glacial deposits, due to their mode of deposition, can be expected to have cobbles and boulders. 

The following paragraphs are intended to give more detailed descriptions of the data documented on the Record 

of Borehole Sheets (Appendix A ). 

4.3 SUBSOIL CONDITIONS 

4.3.1 TOPSOIL 

All boreholes (BH-A1 to BH-A3 and BH-C1 to BH-C6) encountered topsoil at the ground surface which ranged 

between 300 mm and 510 mm in thickness. However, it is to be noted, based on our experience, the thickness 

of topsoil frequently varies in between and beyond borehole locations, especially in depressed areas and near 

watercourses. 

Moisture content of this deposit ranged between 23% and 53%, indicating a generally wet condition (based on 

nine (9) SPT samples) and the higher moisture contents indicative of the organics. 

4.3.2 SILTY CLAY TO CLAYEY /SANDY SILT 

Below the topsoil, all boreholes encountered silty clay to clayey/sandy silt material to depths ranging from 0.8 m 

to 1.5 m (El. 87.3 to 83.8 m) containing organics. The explored thickness of this material ranged between 0.3 m 

(BH-C4 and A3) to 1.0 m (BH-C6). This material typically contained silty clay to clayey/sandy silt mixed with 

topsoil and rootlets and trace to some organics. It could likely be re-worked native material with a possible farming 

background in the past. 

Moisture content of this deposit was 31%, indicative of a wet condition (based on one (1) SPT sample). 

A SPT N-value of 4 blows/0.3 m was obtained in this layer indicative of a very soft consistency (based on one 

(1) SPT value; BH-C6/SS2). 

4.3.3 SILTY CLAY  

With the exception of boreholes BH-C5 and BH-C6, all boreholes encountered a soft to very stiff silty clay deposit 

below the deposit with an organic background at a depth of 0.8 m (elevations ranging from  87.0 m in BH-A1 to 

84.2 m in BH-C3) below ground surface. The explored thickness of this deposit varied between 0.7 m (BH-C2, 

C3 and C4) and 4.1 m (BH-A2). A thin clayey silt (approximately 0.5 m thick) which is interlayered with the silty 

clay deposit was encountered in the boreholes BH-A2 and BH-A3. 

The grain size distributions of two (2) representative samples from the silty clay were determined in the laboratory 

which gave the following grain size distribution. 

Foundation Investigation Report 
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Table 4-1: Grain Size Distribution Summary-Silty Clay 

Sample Tested Size Fraction % Passing by 

weight 

Remarks 

BH-A2/SS3 

BH-C1/SS3 

Gravel 0% Shown as Fig.1, in Appendix B; 

Summarized on the relevant Record of 

Borehole Sheets 
Sand 2% 

Silt 40% to 48% 

Clay 50% to 58% 

The grain size distributions of two (2) samples from the interlayered clayey silt were determined in the laboratory 

which gave the following grain size distribution. 

Table 4-2: Grain Size Distribution Summary-Clayey Silt 

Sample Tested Size Fraction % Passing by 

weight 

Remarks 

BH-A2/SS5  

BH-A3/SS3 

Gravel 11% to 14 % Shown as Fig.1, in Appendix B; 

Summarized on the relevant Record of 

Borehole Sheets 
Sand 34% to 44% 

Silt 30% to 38% 

Clay 12% to 17% 

This deposit broadly consists of dark brown to brown silty clay with trace to some gravel and trace sand to sandy. 

Atterberg Limit tests were performed on representative samples from the silty clay deposit. These tests indicate 

the following index values. 

Table 4-3: Atterberg Limits Test Results-Silty Clay 

Sample Tested Atterberg Limits Index Values Remarks 

BH-A2/SS3 

BH-C1/SS3 

Liquid Limit 42 % to 46 % Shown as Fig.5, in Appendix B; 

Summarized on the relevant Record of 

Borehole Sheets 
Plastic Limit 21% to 25 % 
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Sample Tested Atterberg Limits Index Values Remarks 

Plasticity Index 21 % 

An Atterberg Limit test was performed on a sample from the interlayered clayey silt. This test indicates the 

following index values. 

Table 4-4: Atterberg Limits Test Results-Clayey Silt 

Sample Tested Atterberg Limits Index Values Remarks 

BH-A3/SS3 Liquid Limit 23% Shown as Fig.5, in Appendix B; 

Summarized on the relevant Record of 

Borehole Sheets 
Plastic Limit 15% 

Plasticity Index  8% 

The above values are characteristic of a cohesive soil of low plasticity (CL) to intermediate plasticity (CI). 

Moisture content within this deposit ranged between 5% (BH-A2/SS7) and 37% (BH-A3/SS4a), indicating a 

generally moist to wet condition (based on 17 SPT samples). The plasticity indices and the moisture contents 

indicate a variable consolidation stress history. 

SPT N-values of 2 blows/0.3 m (BH-C4/SS2) to 21 blows/0.3 m (BH-A1/SS2) were obtained in the deposit. Field 

vane test was also performed within this deposit and the result yielded a shear strength value of 20 kPa (BH-

A2/Vane 6).  Collectively, these indicate, the consistency of this material can be described as soft to very stiff 

consistency (based on 16 SPT values and one vane test). 

4.3.4 SILTY SAND  

Boreholes BH-C5 and BH-A1 encountered a silty sand deposit at depths of 0.9 m (in BH-C5) and 2.6 m (in BH-

A1) respectively below ground surface  with elevations of 84.1 (BH-C5) and 85.1 m (BH-A1). The explored 

thicknesses of this deposit were 1.2 m (BH-A1) and 1.7 m (BH-C5). 

Moisture contents based on three (3) samples recovered from this layer ranged from 5 % (BH-A1/SS5) to 20 % 

(BH-C5/SS3) indicative of a moist condition. 

SPT testing carried out in this layer gave SPT ‘N’ values ranging from 6 (BH-C5/SS2) to 20 (BH-C5/SS3) 

blows/0.3 m (based on 3 test results) which indicate a loose to compact relative density condition. 

4.3.5 CLAYEY SILT TILL 

Boreholes BH-A1, BH-C1, BH-C2, BH-C3 and BH-A3 encountered a clayey silt till deposit. The clayey silt till was 

encountered at depths ranging from 1.5 m (BH-C3) to 3.8 m (BH-C2 and BH-A1) below ground surface. In terms 

of ground elevation, this deposit was contacted at elevations ranging from El. 84.6(BH-C1) to 82.8 (BH-A3). The 
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explored thickness of this deposit was between 1.5 m (BH-C2) and 2.3 m (BH-A1, A3 and C3). Shale rich 

interlayers were found within the deposit based on visual observation. 

The grain size distribution of one (1) sample from the clayey silt till was determined in the laboratory which gave 

the following grain size distribution which reflects the presence of shale fragments in the coarser grain sizes. 

Table 4-5: Grain Size Distribution Summary-Clayey Silt Till 

Sample 

Tested 

Size 

Fraction 

% Passing by 

weight 

Remarks 

BH-C1/SS6 Gravel 21 % Shown as Fig.2, in Appendix B; 

Summarized on the relevant Record of Borehole 

Sheets Sand 36% 

Silt 30% 

Clay 13% 

The grain size distribution of one (1) sample from the clayey silt till with shale rich interlayer was determined in 

the laboratory which gave the following grain size distribution which reflects the presence of an increased amount 

of shale fragments in the coarser grain sizes: 

Table 4-6: Grain Size Distribution Summary-Clayey Silt Till (Shale Rich) 

Sample Tested Size Fraction % Passing by weight Remarks 

BH-A3/SS4b Gravel 34 % Shown as Fig.2, in Appendix 

B; 

Summarized on the relevant 

Record of Borehole Sheets 

Sand 51% 

Silt 11% 

Clay 4% 

This till deposit broadly consists of dark grey clayey silt till with trace sand to sandy and trace to some shale 

fragments. 

Moisture contents based on eleven (11) samples recovered from this deposit ranged from 5% (BH-C2/SS7) to 

15% (BH-A1/SS7) indicative of a moist condition. 

SPT testing carried out in this layer gave SPT ‘N’ values ranging from 14 (BH-C1/SS5) to 92 (BH-C2/SS6) 

blows/0.3 m (based on 12 test results) which indicate a stiff to hard consistency. 

Foundation Investigation Report 

Dundas Street/West Durham Link Commuter Carpool Lot Bridge 

Whitby, Ontario 

WSP No 141-55237-00 (SPL No. 10001315) July 8, 2016 



11 
 

4.3.6 SANDY SILT TO SILTY SAND TILL 

Boreholes BH-C2, BH-C4 and BH-C6 encountered a sandy silt to silty sand till deposit at a depth of 1.5 m below 

ground surface.  In terms of ground elevation, this deposit was at elevations ranging from El. 85.3 (BH-C2) to 

83.7 m (BH-C4). The explored thickness of this deposit was between 1.1 m (BH-C6) and 2.3 m (BH-C2). 

The grain size distributions of two (2) samples from the sandy silt to silty sand till were determined in the 

laboratory which gave the following grain size distribution: 

Table 4-7: Grain Size Distribution Summary-Sandy Silt to Silty Sand Till 

Sample Tested Size Fraction % Passing by 

weight 

Remarks 

BH-C2/SS4 

BH-C6/SS3 

Gravel 15 % to 16 % Shown as Fig.3, in Appendix B; 

Summarized on the relevant Record of 

Borehole Sheets 
Sand 50% to 60% 

Silt 17% to 25% 

Clay 7% to 10% 

This till deposit broadly consists of brown to dark grey sandy silt to silty sand till with trace to some clay and 

some gravel. 

Moisture contents based on six (6) samples recovered from this layer ranged from 6% (BH-C4/SS4) to 20% (BH-

C6/SS3) indicative of a moist condition. 

SPT testing carried out in this layer gave SPT ‘N’ values ranging from 11 (BH-C6/SS3) to 66 (BH-C2/SS5) 

blows/0.3 m (based on 6 test results) which indicate a compact to very dense relative density condition. High 

SPT ‘N’ value (66 blows) was encountered only in BH-C2/SS5 due to possible influence of underlying hard clayey 

silt till deposit. 

4.3.7 CLAYEY SILT (TILL/SHALE COMPLEX) 

All boreholes encountered a clayey silt Till/Shale Complex at depths ranging from 2.6 m (in BH-C5 and C6) to 

6.1 m (BH-A1) with elevations ranging from El. 82.7 (BH-C6) to El. 80.7 m (BH-A3).  The explored thickness of 

this deposit was between 1.3 m (BH-A2) and 5.4 m (BH-C6). Borehole BH-A2 was terminated within this deposit. 

In Boreholes BH-C5 and BH-C6, probable shale floaters were observed within this layer resulting in more shale 

fragments in some horizons. 

The grain size distributions of two (2) samples from the more shale horizons of this deposit were determined in 

the laboratory which gave the following grain size distribution. 
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Table 4-8: Grain Size Distribution Summary-Clayey Silt (Till/Shale Complex) –Shale Horizon 

Sample Tested Size Fraction % Passing by 

weight 

Remarks 

BH-C5/SS5 

BH-C6/SS7 

Gravel 27% to 37% Shown as Fig.4, in Appendix B; 

Summarized on the relevant Record of 

Borehole Sheets 
Sand 48% to 51% 

Silt  11% to 16% 

Clay 4% to 6% 

In general, this deposit broadly consists of grey to dark grey clayey silt (till/shale complex) with trace sand to 

sandy and some gravel to gravelly (shale fragments in the coarser  particle sizes). 

Moisture content based on thirty one (31) samples recovered from this deposit ranged from 4% (BH-C2/SS10 

and BH-C3/SS6) to 14% (BH-C1/SS11) indicative of a moist condition. 

SPT testing (based on 31 SPT results) carried out in this layer gave SPT ‘N’ values ranging from 20 blows/0.3 

m (BH-C5/SS4) to in excess of 100 blows/0.3 m (BH-C2/SS8, C3/SS8 and C6/SS10) which indicate a very stiff 

to hard consistency. 

4.3.8 SHALE BEDROCK 

With the exception of borehole BH-A2, the presence of bedrock was inferred from auger/split spoon/rock coring 

in all the exploratory boreholes. The bedrock was confirmed only in two boreholes (BH-C2 and BH-C3) with a 3 

m rock core as per industry standards whilst rock coring was also undertaken to a shorter length in BH-C6.  The 

findings are given in Table 4.9. Photographs of rock core samples are attached in Appendix C . 

Table 4-9: Depth/Elevation of Bedrock/ Inferred Bedrock 

BH 

No: 

Depth 

Below 

Ground 

Surface 

(m) 

Top 

Elevation 

(m) 

Augered / 

Cored  

Depth (m) 

RQD % 

(RQD in 

core 

runs) 

Uniaxial 

compressive 

strength based on 

Point Load Test, 

MPa (run) 

Remarks 

BH-A1 7.6 80.1 1.6 (augered) N/A N/A SPT ‘N’ (2 SPT 

results) > 100 and 

terminated due to 

auger refusal 

BH-A3 6.1 79.2 1.2 (augered) N/A N/A SPT ‘N’ (1 SPT 
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BH 

No: 

Depth 

Below 

Ground 

Surface 

(m) 

Top 

Elevation 

(m) 

Augered / 

Cored  

Depth (m) 

RQD % 

(RQD in 

core 

runs) 

Uniaxial 

compressive 

strength based on 

Point Load Test, 

MPa (run) 

Remarks 

result) > 100 and 

terminated due to 

auger refusal 

BH-C1 9.1 78.6 0.1 (augered) 

 

N/A N/A SPT ‘N’ (1 SPT 

result) > 100 and 

terminated due to 

auger refusal 

BH-C2 8.8 78.0 3.0 (cored) 0/39/85 19 (run 2) and 21 (run 

3) 

 

BH-C3 6.1 78.9 3.2 (cored) 0/0/0/63 19/23/19/19  

BH-C4 6.1 79.2 2.1 (augered) N/A N/A SPT ‘N’ (2 SPT 

results) > 100 and 

terminated due to 

auger refusal 

BH-C5 7.6 77.4 0.1(augered) N/A N/A SPT ‘N’ (1 SPT 

result) > 100 and 

terminated on 

inferred bedrock 

surface 

BH-C6 8.1 77.2 2.1 (cored) 0/30 23 (run 2)  

RQD values measured on the recovered cores ranged from approximately 0% to 85% which is indicative of a 

rock mass of very poor to good quality as per Canadian Foundation Engineering Manual (Table no. 3.10). Based 

on the point load based uniaxial strengths ranging from 19 to 23 MPa, the encountered shale can be described 

as weak (as per Canadian Foundation Engineering Manual - Table no. 3.5) at the point load test locations. 

4.4 GROUNDWATER OBSERVATIONS 

Groundwater conditions in the open boreholes were observed during the drilling and at the completion of 

each borehole. A standpipe piezometer was installed in Boreholes BH-C1 and BH-C6. The observations are 
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shown on the individual Record of Borehole Sheets in Appendix A .  

The observed water levels in the open boreholes on completion ranged from 0.8 m (BH-C4) to 3.0 m (BH-A2) m 

below grade level. It should be noted that these water levels had not stabilized. In the piezometers, the water 

levels were measured at depths ranging from 0.95 m (approx. 1 week after installation in BH-C6) to 2.0 m 

(approx. 37 weeks after installation in BH-C1) below ground surface or at El. 85.7 m to 84.35 m. 

The table below summarizes the ground water observations. 

Table 4-10: Summary of Groundwater Observations 

BH 

No. 

Ground 

Elevation 

(m) 

Top of Screen 

Depth/Elevation (m) 

Water Level Measurements Remarks 

Depth (m) Elevation 

(m) 

BH-A1 87.7 N/A 2.2* 85.5 Wet spoon @ 2.3 m & 

Borehole Open  

BH-A2 86.9 N/A 3.0* 83.9 Wet spoon @ 4.6 m & 

Caved @ 5.2 m  

BH-A3 85.3 N/A 1.2* 84.12 Wet spoon @ 2.4 m & 

Caved @ 4.6 m  

BH-C1 87.7 3.1/84.6 3.0* 84.7 Wet spoon and Caved @ 

6.1 m 
3.0 

(Mar.18,2015) 

84.7 

2.0  

(Mar.26,2015) 

85.7 

2.0 (Dec.07, 

2015) 

85.7 

BH-C2 86.8 N/A 0.9* 85.9 Wet spoon @ 3.9 m & 

Caved @ 4.6 m  

BH-C3 85.0 N/A 0.9* 84.1 Wet spoon @ 1.6 m & 

Caved @ 4.6 m  

BH-C4 85.3 N/A 0.8* 84.5 Wet spoon @ 1.6 m & 

Caved @ 6.0 m  
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BH-C5 85.0 N/A 1.2* 83.8 Wet spoon @ 1.5 m & 

Caved @ 6.1 m  

BH-C6 85.3 4.6 / 80.7 1.5* 83.8 Wet spoon @ 2.5 m & 

Caved @ 6.1 m   
0.95 

(Dec.07,2015) 

84.4 

*water level measurement upon completion of borehole 

It should be pointed out that groundwater levels would be subject to seasonal fluctuations in response to major 

weather events. The groundwater levels observed at the site may also be influenced by the water level in the 

watercourse. 
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trace sand, some shale fragments, dark grey,

moist, hard.

WHITBY FORMATION: shale, dark grey.

END OF THE BOREHOLE

Note:
1) Borehole was open and water at 2.15m
below ground surface upon completion.

2) Auger refusal at 9.2m
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END OF THE BOREHOLE

Note:
1) Borehole caved at 5.2m and water at 3m

below ground surface upon completion.
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Note:
1) Borehole caved at 4.6m and water at 1.2m

below ground surface upon completion.
2) Auger refusal at 7.3m
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1) 50mm dia. monitoring well was installed
upon completion, screened at 3m to 6.1m.

2) Auger refusal at 9.2m
3) Caved-in at 6.1 m

Water level measured in monitoring well:
Date             W. L. Depth (m)

Mar 18, 2015      3.0
Mar  26, 2015      2.0
Dec 07, 2015      2.0
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TOPSOIL: 380mm

SILTY CLAY:
mixed with topsoil, trace rootlets, dark brown

to brown, moist, stiff.
SILTY CLAY:

trace gravel, brown, moist, stiff

SANDY SILT (TILL):
trace clay, trace to some gravel, dark grey,

moist, compact to very dense.

CLAYEY SILT (TILL):
sandy, trace shale fragments, dark grey,

moist, hard.

CLAYEY SILT (TILL/SHALE COMPLEX):
sandy, some shale fragments, dark grey,

moist, hard.

WHITBY FORMATION: shale, dark grey.
Refer to Rock Core Log.
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WHITBY FORMATION: shale, dark grey.
Refer to Rock Core Log. (continued)

END OF THE BOREHOLE

Note:
1) Borehole caved at 4.6m and water at 0.9m

below ground surface upon completion.
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Moderately weathered (W3):
Fragmented zone: 8.84m-8.97m
Fracture: 8.97m-9.09m,    = 0°

Slightly weathered (W2):
Fragmented zone: 9.5m-9.6m
Fracture: 9.37m-9.63m,    = 15°

Slightly weathered to Fresh (W1/W2):
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WHITBY FORMATION
(UPPER ORDOVICIAN)
Moderately weathered to fresh,
laminated to thinly bedded, grey
and black, weak to strong, slightly
bituminous SHALE (90%~95%),
occasionally with thinly laminated
to very thin bedded, slightly
weathered to fresh, light grey,
medium strong to strong SHALY
LIMESTONE (5%~10%).

END OF BOREHOLE
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TOPSOIL: 500mm

SILTY CLAY:
mixed with topsoil, trace rootlets, dark brown

to brown, moist, stiff.
SILTY CLAY:

some sand, trace gravel, brown, moist, firm

CLAYEY SILT (TILL):
sandy, trace shale fragments, dark grey,

moist, very stiff to hard.

CLAYEY SILT (TILL/SHALE COMPLEX):
some sand to sandy, some shale fragments,

dark grey, moist, hard.

WHITBY FORMATION: shale, dark grey.
Refer to Rock Core Log.

END OF THE BOREHOLE

Note:
1) Borehole caved at 4.6m and water at 0.9m

below ground surface upon completion.
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Highly to Moderately weathered
(W4/W3):
Fragmented zone: 6.25m-6.4m

Loss zone: 6.58m-6.86m
Fragmented zone: 6.86m-6.91m,
7.19m-7.21m, 7.47m-7.54m
Broken zone: 7.34m-7.47m

Fragmented zone: 7.85m-7.9m,
7.98m-8.05m
Broken zone: 8.18m-8.33m,
8.56m-8.69m

Slightly weathered (W2):
Fracture: 8.97m-9.02m,    = 40°
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WHITBY FORMATION
(UPPER ORDOVICIAN)
Highly weathered to slighly
weathered, laminated to thinly
bedded, grey and black, weak to
strong, slightly bituminous SHALE
(92%~100%), occasionally with
thinly laminated to very thin
bedded, slightly weathered to
fresh, light grey, medium strong to
strong SHALY LIMESTONE
(0%~8%).

END OF BOREHOLE
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TOPSOIL: 500mm

SILTY CLAY:
mixed with topsoil, trace rootlets, dark brown

to brown, moist, stiff.
SILTY CLAY:

trace sand, trace gravel, brown, moist, soft.

SANDY SILT (TILL):
trace clay, trace shale fragments, dark grey,

moist, dense.

CLAYEY SILT (TILL/SHALE COMPLEX):
sandy, some shale fragments, dark grey,

moist, hard.

WHITBY FORMATION: shale, dark grey.

END OF THE BOREHOLE

Notes:
1) Borehole caved at 6m and water at 0.8m

below ground surface upon completion.
2) Auger refusal at 8.23m
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TOPSOIL: 510mm

SANDY SILT :
mixed with topsoil, trace to some organics,

some clay, trace rootlets, dark brown to brown,
wet, loose

SILTY SAND:
trace clay, trace shale fragments, dark grey,

wet, loose to compact.

CLAYEY SILT (TILL/SHALE COMPLEX):
sandy, some shale fragments, dark grey,

moist, hard.

WHITBY FORMATION: shale, dark grey.
END OF THE BOREHOLE

Note:
1) Borehole caved at 6.1m and water at 1.22m

below ground surface upon completion.
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407 Commuter Car Pool Lot Bridge, Whitby, ON  Project No. 10001315 

 

Photo 1: Looking North West, Creek Crossing  

 

Photo 2: Looking East, West Side of Creek  
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Photo 3: Looking West, West Approach Near BH A1 and A2 

 

 

Photo 4: Looking North-West, South-West Corrner of Structure Near BH-C1 
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Photo 5: Looking East, North-West Corrner of Structure Near BH-C2 

 

Photo 6: Looking West, South-East Corrner of Structure Near BH-C5 
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Photo 7: Looking West, North-East Corrner of Structure Near BH-C6 

 

Photo 8: Looking Eest, East Approach near BH-A3 
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Rock Core Photo: Run 1, Run 2 and Run 3  

Run 1: 29’ 0’’ – 30’ 9’’ (8.84m – 9.47m)          Run 2: 30’ 9’’ – 35’ 5’’ (9.47m – 10.8m)  

   Run 3: 35’ 5” – 38’ 9’’ (10.8m – 11.82m) 
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Rock Core Photo: Run 1 to Run 4 

Run 1: 20’ 6’’ – 21’ 7’’ (6.25m – 6.58m)          Run 2: 21’ 7’’ – 25’ 9’’ (6.58m – 7.85m)  

   Run 3: 25’ 9” – 28’ 6’’ (7.85m – 8.7m)          Run 4: 28’ 6” – 30’ 6’’ (8.7m – 9.32m) 

 



 
 

 

BH-C6 

 

 

Rock Core Photo: Run 1 to Run 2 

Run 1: 26’ 6’’ – 28’ 6’’ (8.1m – 8.7m)          Run 2: 28’ 6’’ – 33’ 6’’ (8.7m – 10.2m)  
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Part B: FOUNDATION DESIGN REPORT 

DUNDAS STREET/WEST DURHAM LINK COMMUTER CARPOOL LOT BRIDGE 
AT STATION 1+061, WHITBY, ONTARIO 

Geocres No: 30M15-282 

5  

5  

5 DISCUSSION AND RECOMMENDATIONS 
5.1 GENERAL 

This section of the report provides recommendations for the foundation aspects for the proposed bridge over the 
creek connecting the road leading to the Dundas St./West Durham Link commuter carpool lot. The 
recommendations are based on our understanding of the project and on the interpretation of factual data 
compiled from both field and laboratory investigations carried out by WSP for this project. 

The discussions and recommendations presented in this report are intended to assist the designers with 
sufficient information that would enable them to proceed with the design of the structure foundations and 
approach embankments. 

Construction comments made herein are based on geotechnical considerations only and should not be relied 
upon without further independent assessment and qualification in the selection of means and methods for 
construction. 

Based on the General Arrangement Drawing (dated January 26, 2016), the proposed structure will be a single 
span pre-stressed concrete bridge with a total span length of 24 m. The proposed structure details are given in 
Table 2.1 in Part A. The bride approaches principally consist of fill embankments up to 4 m high. 

5.2 GEOTECHNICAL MODEL 

5.2.1 OVERVIEW OF SUB-SURFACE CONDITIONS 

In general terms, the stratigraphic sequence encountered can be described as topsoil underlain by a silty 
clay/clayey silt/sandy silt deposit with organics or possibly reworked material up to a depth of 1.5 m. The 
underlying deposits consisted of silty clay/silty sand followed by glacial tills (silty clay/silty sand) underlain by a 
till shale complex (with explored thicknesses between 1.3 m and 5.4 m) overlying shale bedrock/inferred, of the 
Whitby formation at shallow depths ranging from 6.1 m to 9.1 m. 

The hard clayey silt till shale complex contains varying amounts of shale fragments and overlies the shale 
bedrock. The Bedrock was cored in three boreholes with coring advanced exceeding 3.0 m in length in BH-C2 
and BH-C3 only, whilst the shale was contacted in all the boreholes except in BH-A2, within the investigated 
depths. The elevation on top of the bedrock varied between 80.1 m and 77.2 m across the investigated holes 
where weathered shale was contacted. 

The measured Groundwater level was generally varying between 1.0 m and 3.0 m below existing ground surface 
based on the piezometers installed in selected boreholes (i.e., El. of 85.9 to 83.8 m). According to the MOE well 
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records perused for this project, the till shale complex is a source of domestic water supply in this area. The 
piezometer in BH-C6 was installed entirely within the till shale complex and sub-artesian conditions were 
observed in this piezometer. 

5.2.2 GROUND MOTION PARAMETERS 

Based on the borehole information and our review of the general subsurface conditions in the area, the subject 
site for the proposed structure can be classified as ‘Class D’ for seismic site response according to Table 4.1 of 
CSA S6-14. 

The peak zonal acceleration for the Town of Whitby, Ontario is 0.05g (CHBDC Table A3.1.1). The Site Coefficient 
(S) may be taken as 1.2, consistent with Soil Profile Type II in accordance with Section 4.4.6 and Table 4.4 of 
CHBDC. As the site coefficient (S) is 1.2, and the zonal acceleration is 0.05, then the design zonal acceleration 
ratio for the site can be taken as, A=0.06. 

Accordingly, for pseudo-static analysis, the following parameters are appropriate: 

 a  kh value of 0.03 (kh = 0.5*amax/g; Kramer,1996)  
 a kv value of 0.02 (2/3 of kh)  

5.2.3 FROST DEPTH/SUSCEPTIBILITY 

The frost depth for the project site is 1.4 m. The soils at the proposed culvert site have low frost susceptibility 
based on the MTO Frost Classification. 

5.3 DISCUSSION OF ALTERNATIVE FOUNDATION OPTIONS 

5.3.1 SPREAD FOUNDATIONS ON NATIVE SOIL OR GRANULAR PAD 

Based on the ground conditions encountered in the boreholes, the depth for a competent stratum for shallow 
foundations can be variable up to 4.9 m across the site, and within the borehole cluster for the abutments, it 
could be as deep as 3.0 m, reflecting the spatial variability. Even to place a granular pad, minimum excavations 
as much as 2.5 m may be necessary. The issues of groundwater dewatering and in particular, presence of a silty 
sand deposit with high moisture within the founding depths in BH C5 and proximity to the creek should be taken 
into consideration in the assessment of the most favourable foundation type. Therefore based on the above 
issues and possible need for extensive shoring, shallow foundations are not considered to be an attractive option. 

5.3.2 DEEP FOUNDATIONS 

A number of deep foundation options which are common in Ontario have been considered as follows: 

 Drilled caisson foundations 

 Auger press concrete piles (CFA piles) 

 Driven steel tube piles 

 Driven Steel H-Piles 
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 DRILLED CAISSON FOUNDATIONS 

The dense to very dense/hard glacial till deposit is suitable to support drilled and cast-in place concrete piles (i.e. 
caissons).  However, in view of the sub-artesian high water table, this approach is not recommended as caissons 
are considered to be more difficult to install under such conditions, and due to inspection difficulties would make 
it less reliable to ascertain sound end bearing conditions and also perhaps less cost effective.  As such, the use 
of caisson foundations is not recommended for this particular project. 

 AUGER PRESS CONCRETE PILES (CFA PILES) 

This pile type requires a high degree of construction control on the relative rates of auger extraction and concrete 
intrusion and is not particularly suited to resist lateral loads and may not amenable for integral bridge abutments. 
The use of this type of pile should be discussed with a specialized contractor before giving it consideration and 
we will be pleased to further discus this type of pile, should you require it. 

 DRIVEN STEEL TUBE PILES 

Steel tube piles have the advantage that they can be inspected after driving and prior to pouring of concrete for 
possible damage that they may have suffered while driving.  If they are driven open-ended, they are susceptible 
to being plugged and may require intermittent cleaning to ease the build-up of resistance. If they are driven close-
ended, they should have sufficient wall thickness and base plate thickness to minimize potential damage caused 
by the expected hard driving conditions through the till shale complex.  The end plates should not be wider than 
the base of the steel pipes (i.e. should not project beyond the circumference of the piles), so that adhesion/friction 
is/are not adversely affected.  The tube piles will need to be filled with concrete after their installation and 
inspection for possible damage. 

 DRIVEN STEEL H-PILES 

Consideration can be given to the use of driven steel H-piles at the abutment locations as the shallow shale 
bedrock of the Whitby formation encountered across the site would prove support and refusal for the driven steel 
H-piles. Although sub-artesian ground water pressures have been observed, given the shallow bedrock 
conditions, the clayey nature of overlying deposits, and pile resistances being predominantly in end bearing in 
the weathered shale bedrock should favour the driven steel H-pile option. They can withstand hard driving 
through the till shale complex, with suitable rock points. This method of construction is widely used in Ontario 
and these piles can be installed quickly and efficiently. 

5.4 RECOMMENDED FOUNDATION OPTION 

Integral bridge abutments have become very popular due to the economic, functional and durability advantages 
of these structures. They are particularly attractive to accommodate environmentally induced horizontal loading 
(MTO Report SO-96-01 Integral Abutment Bridges). In this particular instance, the bridge geometry and ground 
conditions are attractive for adoption of integral abutments, subject to confirmation by the Structural Designers. 

Spread footings will involve dewatering and possibly more extensive shoring, and as such they present a less 
attractive solution from a construction point of view and also less amenable for integral abutments. 
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steel H-piles are better suited for the subsurface conditions encountered at this site, in comparison with steel 
tube piles, in view of the fact that steel H-piles are low displacement piles. The use of driven steel H-piles is 
considered to be the most suitable foundation support and is the most widely used pile type for integral bridge 
abutments in Ontario. 

The summary of alternative foundations options is given in a summary/tabular form in Appendix E. 

5.5 DESIGN DETAILS FOR DRIVEN STEEL H-PILES 

5.5.1 GEOTECHNICAL CONSIDERATIONS – AXIAL LOADING 

 PILE CAPACITY DETAILS 

Based on the subsurface conditions encountered in the area of the proposed abutments, steel H-piles should be 
driven to found on or within the weathered shallow bedrock (“100 blow material”) to reach practical refusal. The 

top of shale bedrock varied between 8.8 m and 9.1 m at the south abutment (BH-C1 and BH-C2) and between 
7.6 m and 8.1 m at the north abutment (BH-C5 and BH-C6), below ground surface. Some hard driving can be 
anticipated through the shale fragments in the till shale complex. The driven piles will act essentially as end-
bearing piles. 

The estimated pile tip elevations are as shown in Table 5.1 and should be viewed for estimation purposes only. 
The actual lengths may vary along the abutment locations. The actual pile tip elevations will be controlled as 
described in Section 5.5.2 on Pile Installation. 

Table 5-1: Estimated Pile Tip Elevations 

Foundation 

Element 

Reference Borehole Elevation of 
Ground Surface 
(m) 

Anticipated Pile Tip 
Elevation (m) 

South 

Abutment – East 
Side 

BH-C1 87.7 78.6 

South 

Abutment – West 
Side 

BH-C2 86.8 78.0 

North 

Abutment – East 
Side 

BH-C5 85.0 76.4 

North BH-C6 85.3 76.7 
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Foundation 

Element 

Reference Borehole Elevation of 
Ground Surface 
(m) 

Anticipated Pile Tip 
Elevation (m) 

Abutment – West 
Side 

DOWNDRAG 

Based on the subsurface conditions discussed earlier, at the borehole locations, generally up to 1.0 m of 
overburden consists of organic inclusions (inclusive of topsoil) possessing high moisture above the ground water 
table. To minimise the potential for drag force development and also to minimise ongoing creep movements due 
to organic decay, it is recommended that under the embankment footprint, this material be stripped and replaced 
with non-frost susceptible engineered fill (OPSS.PROV 212). This removal and replacement operation in itself 
constitutes part of the existing overburden under which full consolidation has taken place. Therefore, this should 
not cause any downdrag by itself. There could be localized areas within the embankment footprint that might 
warrant a deeper replacement due to unknown creek meandering patterns in the geological past and these 
issues should be addressed by the QVE. 

Since the piles for the subject ground conditions are essentially end-bearing, the drag settlement would be small 
but a drag force could develop (essentially a structural issue). An NSSP should be included in the Contract to 
address this material replacement and the suggested wording is included for reference in Appendix F. With the 
above being undertaken, there should be no issue due to downdrag. The requirements for any extent of stripping 
beyond the footprint are discussed in Section 5.7 under Approach Embankments and compaction and other 
placement requirements are discussed in Section 5.8 under Construction Considerations. 

GEOTECHNICAL AXIAL RESISTANCE 

HP 310 x 110 piles for the abutments driven to the elevations given in Table 5.1 may be designed not to exceed 
the following geotechnical resistance (compression): 

Factored ULS  1600 kN 
SLS (for 25 mm)  1400 kN 

The axial compression resistance of the pile will be predominantly in end bearing in the “100 blow” or better 

material. The structural resistance of the pile must be checked by the structural engineer. 

Eccentric loading on piles and the required pile spacing should be considered as per the CHBDC CAN/CSA-S6-
14 and the Canadian Foundation Engineering Manual (CFEM). 

FROST PROTECTION 

As discussed in Section 5.5.1.1, up to 1.0 m of overburden consists of organic inclusions (inclusive of topsoil), 
based on intercepted borehole conditions. With this material stripped and replaced with non-frost susceptible  
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(as per MTO SDO-90-01: Pavement Design and Rehabilitation Manual) engineered fill should address requirements 
for resistance against frost effects. Also, frost action effects can become more significant if poor drainage occurs 
(leading to localized saturation of the soils). 

For frost protection, all pile caps should have a permanent earth cover of at least 1.4 m (frost depth for the Whitby 
area) or an equivalent thickness of insulation. 

5.5.2 PILE INSTALLATION 

 PILE INSTALLATION MONITORING USING DYNAMIC FORMULAE 

Pile installation should be in accordance with OPSS 903. Pile driving should be monitored by the Hiley Formula 
(Standard Structural Drawing SS-103-11). The estimated ultimate resistance of the piles by the Hiley Formula 
can be calculated by dividing the recommended axial resistance at ULS by a resistance factor of 0.4 (CHBDC 
(2014)). However, based on MTO experience with the Hiley formula in Southern Ontario, a resistance factor of 
0.5 may be used for this project. Therefore the estimated ultimate resistance of the piles by the Hiley formula 
can be calculated by multiplying the recommended axial resistance at factored ULS by a factor of 2 (i.e. 1600 
kN multiplied by 2), giving an ultimate geotechnical resistance of 3200 kN. In accordance with the above criterion 
and subject to the approval of the Quality Verification Engineer (QVE), we recommend that the piles be driven 
to about 1.5 m above the recommended pile tip elevation and then the driving monitored by employing the Hiley 
Dynamic Formula, in accordance with MTO Standard Drawing SS 103-11. On occasions, pile set-up might be 
delayed up to 72 hours or more, especially in view of the excess hydrostatic pressure observed during soil boring. 

If the piles encounter premature refusal, then pile capacities may need to be revisited and alternative measures 
sought. Therefore, pile driving records should be kept. In such circumstances, PDA/CAPWAP testing is 
recommended to confirm capacities and the Foundation Design Engineer and the Bridge Design Engineer should 
be notified. 

PDA and CAPWAP testing should be undertaken at end of initial driving (EOID) and on restriking after 48 hours. 
On occasions, pile set-up (gain in strength) might be delayed up to 72 hours, especially in view of the excess 
hydrostatic pressures observed during soil borings. In the event of a conflict between the results based on the 
Hiley formula and PDA/CAPWAP testing, the latter, i.e. PDA/CAPWAP testing, should take precedence. 

The Foundation Design Engineer and the Bridge Design Engineer should be consulted to assess the axial 
resistance and the minimum pile length requirements if PDA testing proves inadequate pile capacity. 

As mentioned earlier, heavy driving can be anticipated through the till shale complex due to the possible 
presence of shale floaters and this should be “red flagged” and a suggested wording for an NSSP is included 
for reference in Appendix F. As such it is recommended that the H-piles be reinforced at the tip. The piles should 
be reinforced with flange plates as per OPSD 3000.100 or driving shoes such as Titus Standard “H” Bearing Pile 

Point design for protection during driving. An NSSP should be included in the Contract to address this and the 
suggested wording is included for reference in Appendix F. However, care must be taken to avoid overdriving 
and damaging the pile tip, i.e. the structural capacity of the piles should not be exceeded. 
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5.5.3 GEOTECHNICAL CONSIDERATIONS – LATERAL LOADING 

Geotechnical considerations (pertaining to lateral capacity and lateral deformations) are addressed in the 
following with respect to lateral loading of piles: 

 Lateral capacity of piles: the estimated undrained strength Su (for cohesive soils) and passive earth 
pressure coefficient, Kp and the effective unit weight of soils (for cohesionless soils) address pile lateral 
capacity issues 
 

 Lateral deformation of piles: the coefficient of horizontal subgrade reaction, ks  (via Su for cohesive soils 
and via nh for cohesionless soils) provide the input  for lateral deformation analyses 

Vertical piles can provide resistance to lateral loading and this geotechnical resistance can be enhanced by the 
use of batter piles, subject to the restrictions imposed with the use of integral abutments (MTO Report SO-96-
01 Integral Abutment Bridges), as in the present case. The geotechnical lateral resistance is greatly affected by 
the soil properties close to the ground level (about 10 pile diameters, Ref: Piling Engineering, Fleming, et al ). 

In cohesionless soils, the coefficient of horizontal subgrade reaction can be estimated from: 

ks = nh z / d 
where ks = coefficient of horizontal subgrade reaction 

nh = coefficient related to soil density as given in Table 5.2 
z = depth 
d = pile width 

Where the soil is primarily cohesive, the coefficient of horizontal subgrade reaction can be estimated from: 
ks = 67 cu / d   

where Su = undrained shear strength shown as ”Su” in Table 5.2 

Table 5-2 Geotechnical Parameters – Lateral Pile Resistance* 

Location Elevation 

(m)  

Soil nh 

(MN/m3) 
Su (kPa) Kp Buoyant Unit 

Weight 

(kN/m3) 

South 
Abutment 

East: BH-C1 

87.7 to 86.9 **To be replaced 
by engineered fill 

 50 na 10 

 86.9 to 84.6 Silty clay  80 na 8 

 84.6 to 82.4 Clayey silt till  200 na 11 

 82.4 to 78.6 Clayey silt 
(Till/Shale 

 300 na 13 
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Location Elevation 

(m)  

Soil nh 

(MN/m3) 
Su (kPa) Kp Buoyant Unit 

Weight 

(kN/m3) 

complex) 

 Below 78.6 Weathered shale  500 na 14 

South 
Abutment 

West: BH-C2 

86.8 to 86.1 **To be replaced 
by engineered fill 

 50 na 10 

 86.1 to 85.3 Silty clay  80 na 8 

 85.3 to 83.0 Sandy silt (Till) 4.4  3.5 12 

 83.0 to 81.5 Clayey silt (till)  250 na 11 

 81.5 to 78.0 Clayey Silt 
(Till/Shale 
complex) 

 300 na 13 

 Below 78.0 Weathered shale  500 na 14 

North 
Abutment 

East: BH-C5 

85.0 to 84.1 **To be replaced 
by engineered fill 

 50 na 10 

84.1 to 82.4 Silty sand 1.5  3.0 10 

82.4 to 77.4 Clayey Silt 
(Till/Shale 
complex) 

 250 na 13 

Below 77.4 Weathered shale  500 na 14 

North 
Abutment 

West: BH-C6 

85.3 to 84.3 **To be replaced 
by engineered fill 
(as specified in 
Section 5.6) 

 50 na 10 
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Location Elevation 

(m)  

Soil nh 

(MN/m3) 
Su (kPa) Kp Buoyant Unit 

Weight 

(kN/m3) 

84.3 to 82.7 Silty sand (Till) 1.3  3.0 11 

82.7 to 77.2 Clayey Silt 
(Till/Shale 
complex) 

 300 na 13 

77.2 to 75.1 Weathered shale  500 na 14 

      

Note: The design water level is assumed at the ground surface for lateral pile resistance considerations  

** The quoted depth of replacement is based on intercepted borehole conditions and may vary between 
boreholes; na = not applicable 

Reference should be made to Clause 6.11.2.2 of CHBDC CAN/CSA-S6-14, for assessing lateral pile resistance.  
For preliminary design purposes, the recommended horizontal resistances for HP 310x110 steel H-piles are as 
follows: 

Horizontal Resistance at ULS =  110 kN/pile 

Horizontal Resistance at SLS* = 50 kN/pile 

* for a lateral displacement of 10 mm at the pile head with reference to Clause 6.11.2.2 of CHBDC. 

Pile interaction should be considered with reference to Clause 6.11.4.7, CHBDC CAN/CSA-S6-14. In order to 
minimize the effects of the longitudinal (horizontal) forces in the structure, the abutment foundations should be 
made flexible and hence less resistant to longitudinal movements.  To provide the required flexibility for the piles, 
the upper 3 m of the piles should be surrounded by a 600 mm diameter CSP filled with sand (grading as per 
Table 1 of MTO Report SO-96-01 Integral Abutment Bridges). 

5.6 ABUTMENTS AND ASSOCIATED SUB-STRUCTURES 

5.6.1 GENERAL 

Lateral earth pressures that mobilize behind abutment walls and any associated wing walls/retaining walls 
depend on many factors. These include such as the type of backfill material, the method of placement, the 
stiffness and the freedom of the walls to move, nature of drainage behind walls, type of soil behind backfill, slope 
geometry behind the walls and the magnitude of imposed surcharge including those during construction. Seismic 
loading must also be considered. 
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5.6.2 LATERAL EARTH PRESSURE – STATIC LOADING 

Backfill behind structures and retaining walls should consist of non-frost susceptible, free-draining granular 
materials in accordance with OPSD 3101.150. Free-draining backfill (Granular ‘A’ or Granular ‘B’ Type I or Type 

II, with less than 5% fines, i.e. 200 sieve). The provision of drain pipes and weep holes should prevent hydrostatic 
pressure build-up. Computation of earth pressures should be in accordance with CAN/CSA-S6-14.  For design 
purposes, the following unfactored static earth pressure parameters can be used (assuming wall friction is 
neglected, the back wall is vertical and the ground surface is horizontal in front of the toe): 

Table 5-3: Unfactored Static Earth Pressure Coefficients 

Wall Movement Condition Compacted Granular ‘A’ and 

Granular ‘B’ Type II 

Angle of Internal Friction,  = 35 

Unit Weight = 22 kN/m3 

(Wall friction neglected) 

Compacted Granular ‘B’ Type I 

Angle of Internal Friction,  = 32 

Unit Weight = 21 kN/m3 

(Wall friction neglected) 

Top Ground Surface Angle Top Ground Surface Angle  

Horizontal 2H:1V Horizontal 2H:1V 

Active Earth Pressure (KA) 0.27 0.38 0.31 0.46 

At-Rest Earth Pressure (KO) 0.43 0.62 0.47 0.68 

Passive Earth Pressure  (KP) 3.69 - 3.25 - 

CHBDC Section C6.12 and Table C6.6 should be consulted to assess the minimum movements required before 
the adoption of active lateral pressures and if movements are found to be inadequate due to the restraints 
imposed by the superstructure and sub-structure elements, then at-rest earth pressures should be considered 
for design. Passive earth pressures within the frost depth in front of the walls should be disregarded. In 
accordance with Section 6.9.3 and Figure 6.6 of CHBDC, a minimum surcharge of 12 kPa should be considered 
in the design and other surcharge loadings, if relevant, should also be accounted for in the design. 

5.6.3 LATERAL EARTH PRESSURE – SEISMIC LOADING 

 YIELDING WALLS 

Seismic (earthquake) loading should be taken into account in the design in accordance with Section 4.6 of the 
CHBDC. These estimates are based on the Monobe-Okabe (M-O) pseudo-static method of analysis. The M-O 
method produces seismic loads that are more critical than the static loads that act prior to an earthquake.  

In accordance with Sections 4.6.5 and C.4.6.5 of the CHBDC and its Commentary, the horizontal seismic 
coefficient, kh, used in the calculation of the seismic active pressure coefficient, can be taken as, kh=0.03.  The 
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seismic active earth pressure coefficient is also dependent on the vertical component of the earthquake 
acceleration coefficient, kv, although the influence of kv is estimated to be less than 10% on the seismic active 
earth pressure (Kramer, 1996). 

It should be noted that in the computation of seismic earth pressure coefficients, the wall back-face geometry, 
backfill slope and wall friction effects need to be addressed. 

For design purposes, the following unfactored seismic lateral earth pressure parameters can be used (assuming 
wall friction is neglected, the back wall is vertical and the ground surface is horizontal in front of the toe): 

Table 5-4: Unfactored Seismic Earth Pressure Coefficients 

Wall Movement Condition Compacted Granular ‘A’ and 

Granular ‘B’ Type II 

Angle of Internal Friction,  = 35 

Unit Weight = 22 kN/m3 

(Wall friction neglected) 

Compacted Granular ‘B’ Type I 

Angle of Internal Friction,  = 32 

Unit Weight = 21 kN/m3 

(Wall friction neglected) 

Top Ground Surface Angle  Top Ground Surface Angle 

Horizontal 2H:1V Horizontal 2H:1V 

Seismic Active Earth 
Pressure (KAE) 

0.29 0.43 0.32 0.52 

Seismic Passive Earth 
Pressure  (KPE) 

3.63 10.7 3.20 8.5 

 NON-YIELDING WALLS 

When the wall movements are insufficient to mobilize the shear strength of the backfill soil, the limiting conditions 
of minimum active or maximum passive conditions cannot develop. Section C6.12 of the CHBDC details the 
required procedures.  The horizontal seismic coefficient, kh, used in the calculation of the seismic pressure 
coefficient, can be taken as, kh=0.09. 

5.6.4 BACKFILL AND DRAINAGE  

Positive drainage of the granular backfill should be provided with transverse drains and weep holes whilst OPSD 
3101.150 and OPSD 3121.150 requirements should be met with respect to backfill, sub-drains and frost taper. 
Selection of compaction equipment should be compliant with OPSS 501. Minimum backfill placement 
requirements should conform to CHBDC Figure C6.20. 

Backfill and frost taper to the abutments should consist of Granular A or Granular B and placement should be in 
accordance with OPSS 902. Drainage should be provided as per OPSD 3102.100. 
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5.7 APPROACH EMBANKMENTS 

5.7.1 GENERAL 

The approach embankments (within 20 m form the bridge abutments, as per the MTO definition) as per the GA 
drawing show cross-sections with a maximum height of 4 m on the north side of the bridge. The maximum 
embankment height on the south side is less than 2 m. Hence, the approach embankment stability issues are 
discussed with respect to the north side. The side slopes of 2H: 1V have been adopted for stability analysis.  

The western side-slopes of the northern approach embankment from the abutment axis to Sta.1+105 under 
conventional 2H:1V side slopes will encroach the creek. Therefore, from the abutment axis to Sta. 1+105, the 
western side slope will be supported by a retaining structure as shown on the GA drawing and will be discussed 
in Section 5.7.4 under Retaining Wall Selection.  The eastern side-slope with conventional earth batters of 2H:1V  
at Sta. 1+095 (of the northern approach embankment) is analysed for embankment stability based generally on 
BH A-3 (vicinity borehole) subsoil conditions. 

Two stability scenarios were investigated, i.e. end of construction stability and rapid draw-down stability. The 
long-term stability is not considered an issue for foundation stability as under the imposed embankment loading, 
the ground will gain strength due to the ensuing consolidation following construction. 

Slope stability was investigated using the limit equilibrium method of stability analysis based on the Morgenstern-
Price method using SLIDE software (Rocscience Inc.). 

5.7.2 SLOPE STABILITY 

 STATIC DESIGN PARAMETERS 

As discussed in Section 5.5.1.1, the top 1.0 m of overburden within the embankment footprint should be replaced 
with non-frost susceptible engineered fill. Any requirement to extend this replacement zone on plan beyond the 
embankment footprint will be based on the outcomes of the stability analyses. The following ground model was 
used in the approach embankment slope stability analyses. 

Table 5-5: Geotechnical Model for Slope Stability – Dundas Street/West Durham Link CCL Bridge 

Soil Type Consistency or 
Compactness 
Condition 

Unit 
Weight 
(kN/m3) 

Effective Stress 
Parameters (c’ = 

0), Φ’ (degrees) 

Total Stress 
Parameters, Su 
(kPa) 

Drained 
Stiffness 
Parameters* 

E’(MPa); ’ 

Embankment 
Fill 

Compact 21 32  na 20;0.3 

Engineered 
Fill ** 

Compact/Stiff 20 30  50 15; 0.3 
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Soil Type Consistency or 
Compactness 
Condition 

Unit 
Weight 
(kN/m3) 

Effective Stress 
Parameters (c’ = 

0), Φ’ (degrees) 

Total Stress 
Parameters, Su 
(kPa) 

Drained 
Stiffness 
Parameters* 

E’(MPa); ’ 

Silty Sand Compact 20 30  na 12; 0.25 

Silty Clay Soft/Very Stiff 18 na 50 10;0.35 

Sandy Silt 
(Till) 

Compact/ Dense 22 34  na 45;0.3 

Clayey Silt 
(Till) 

Stiff/Hard 21 na 100 75;0.25 

Clayey Silt 
(Till/Shale 
Complex) 

Very Stiff/Hard 22 na 150 100;0.2 

Weathered 
Shale 

Hard 23 na 500 500;0.2 

 Partly based on : Schnaid, F., In-situ Testing in Geomechanics, Taylor & Francis (2009) 
**Non-frost susceptible engineered fill (OPSS 212) 

 STATIC SLOPE STABILITY 

END OF CONSTRUCTION (EOC) STABILITY 

Static slope stability was investigated using the geometry details described above and using the material 
parameters in Table 5.5. 

Considering the nature of the sub-soils (with the top 1.0 m replaced with non-frost susceptible engineered fill), 
for an earthen embankment not exceeding 4 m in height, no deep seated rotational or translational types of slope 
instability is anticipated under the approach embankments for the bridge structure. 

The short-term stability results are shown in Appendix D (see Figure 1). The Factor of Safety (FOS) for the side 
slope was greater than 1.3, which is considered the minimum acceptable FOS by MTO. 

RAPID DRAWDOWN STABILITY 

The design flood is the 25 year return flood with a high water level at El. 86.01 m. For embankment stability 
analysis, the drawdown level was taken as the existing ground surface. During the transient period following 
drawdown, the ground conditions are assumed to be similar to that of end of construction except elevated water 
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levels are assumed within the embankment body responding under undrained conditions following drawdown. 
The FoS was found to be in excess of 1.3 and is compliant with MTO requirements. The results are shown in 
Appendix D (see Figure 2). 

 SEISMIC SLOPE STABILITY/LIQUEFACTION POTENTIAL 

The liquefaction potential of the soils under seismic loading below the approach embankments has been 
considered using the empirical method outlined in Idriss and Boulanger (2008). Based on this method, with an 
average N value of 13 and with significant fines, it is estimated that negligible potential exists for liquefaction of 
the foundation soils below the abutments (as per Figure C4.21a in Section C4.6.6 in the CHBDC Commentary: 
based on a simplified case study based correlation between cyclic stress ratio and corrected penetration 
resistance of soil). 

A pseudo-static slope stability was undertaken under no liquefaction conditions using Rocscience software.  A 
kh value of 0.03 and a kv value of 0.02 were adopted as discussed in Section 5.6. The resulting FoS was equal 
to 1.3 and is considered to be acceptable under such conditions as per industry practice (see Figure 3 in 
Appendix D). 

5.7.3 SETTLEMENTS 

ased on the findings of the boreholes and the stiffness parameters given in Table 5.5, the anticipated foundation 
settlements under the stresses generated by 4.0 m high approach embankments are estimated to be less than 
20 mm, and is expected to occur fairly rapidly. The anticipated settlements would take place during and 
immediately after construction and is not considered to have an impact on the abutment foundations (providing 
up to 1.0 m of the surficial organic material is replaced as discussed earlier). 

The foundation settlements should be complete during construction for immediate, elastic settlement (due to 
natural moisture contents generally below about 1.5 m depth being practically less than 15%, which are indicative 
of heavily over-consolidated, stiff soil conditions). Assuming silty sand (likely bulk borrow) is used as 
embankment fill, the settlement of the embankment under its own weight should also be substantially complete 
soon after construction and use of cohesionless material as embankment fill is recommended. Paving should be 
delayed for about a month (preload period) after completion of the embankments. 

Differential settlement issues between the earthworks and the retaining wall backfill are discussed in Section 
5.7.4.3. 

5.7.4 RETAINING WALL SELECTION 

 SUBSURFACE CONDITIONS ALONG THE PROPOSED RETAINING WALL FOOTPRINT 

As mentioned earlier, the western side slopes from the northern abutment axis to Sta. 1+105 to the west will be 
supported by a retaining structure to avoid conventional batters from encroaching the creek. This wall 
construction will be a bottom-up construction with a maximum wall height of 4 m, i.e. equal to the maximum 
embankment height along the section delineated for the retained soil system. For the purposes of this discussion, 
the width of the retaining wall footprint is assumed to be equal to the sum of the height of the wall and a toe 
projection of 1 m. Therefore based on the maximum height of the proposed retaining wall, the width of the 
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footprint is considered to be 5 m and the length of the wall based on the GA drawing is 26 m. The closest 
boreholes relevant to the wall footprint are BH C6 and BH A3. As discussed in Section 5.7.2.1, and also based 
on the above two boreholes, the top 1.5 m of overburden should be replaced with non-frost susceptible 
engineered fill. This replacement will be subject to review following the outcome of the retaining wall global 
stability analysis. 

 DISCUSSION OF ALTERNATIVE RETAINING WALL OPTIONS 

MECHANISMS OF LATERAL SUPPORT IN RETAINING WALLS 

In addition to technical feasibility, the type of retaining wall is often selected based on multiple factors such as 
cost, aesthetics and environmental considerations. There is a wide variety of options available, ranging from 
simple gabion type walls to embedded retaining walls such as contiguous retaining walls. The following general 
retaining wall types are reviewed first: 

 Gravity or Mass Retaining Walls: Resistance to failure mechanisms of sliding and overturning 
(toppling) primarily relies on the weight of the structures: For example, gabion walls and armour stone 
walls belong to this category 

 Cantilever  Walls: Lateral pressures of the retained soil are resisted by bending of the wall stem; 
weight of the retained soil acting on the footing slab base, which projects beneath the backfill, prevents 
sliding and overturning (gravity action) 

 Retained Soil System Walls (RSS): These constructions at the global level can be treated as 
equivalent to gravity walls but at the local level as individually anchored wall units; instead of allowing 
the lateral pressures of the retained soil to be carried down to the foundation as bending stresses in 
the front wall, they are carried into the retained mass itself by the tensile forces induced in the 
reinforcement ties at various depths by the weight of the backfill; tension is always a more economical 
source of support than bending 

 Embedded Retaining Walls: The primary mechanism of resistance against the lateral earth pressures 
of the retained mass is the passive earth pressure of the soil in front of the wall, and possibly aided by 
props or tie-back anchors at one or more levels; typical examples in this category are sheet piled walls, 
soldier pile and lagging walls and contiguous caisson walls 

The first three wall categories above can be described as back-filled walls where the retained height of the soil 
behind is created by building up, i.e. bottom up constructions.  As opposed to the above categories, in the last 
category, i.e. embedded retaining walls, the level difference is created by removing soil from in front of the wall. 
Sometimes these are called excavated walls. 

As the subject retaining wall construction belongs to the first three categories, i.e. back-filled walls, further 
discussion of alternative options will exclude embedded wall types. Hence the following retaining wall types are 
discussed: 

 Concrete Cantilever Retaining Walls 
 RSS Walls 
 Armour Stone Walls 

Irrespective of the back-filled type of retaining wall adopted, the lateral earth pressure and vertical gravity loads, 
i.e. the weight of the wall and immediate backfill, acting together will result in eccentric (due to the lateral force; 
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and results in a reduced effective width of the footing and hence in an increase in the applied stress) and inclined 
loading (due to the combined action of vertical and lateral forces and results in reduced mobilisation of bearing 
resistance) conditions under the retaining wall footing.  This will limit the effective footing area and the 
geotechnical resistance that will mobilize to resist the vertical loads.  Therefore as per the CHBDC, the available 
geotechnical resistance need to be reduced. These reductions can only be estimated once the footings are 
proportioned. 

The following limit states need to be addressed: bearing resistance, sliding and overturning, settlements and 
global stability for the back-filled wall types under discussion. Provision of good drainage is key to sound retaining 
wall performance. 

CONCRETE CANTILEVER RETAINING WALL OPTION 

A concrete retaining wall consisting of a vertical stem and footing slab base is a common retaining wall option.  
In view of the reinforced concrete nature of the wall, i.e. less compliant for movement, relatively competent 
foundations (hard clayey soil/compact to dense granular soil deposits) are warranted, i.e. more stringent site 
preparation than for a RSS wall. Therefore the recommended top 1.0 m of overburden replacement with non-
frost susceptible engineered fill as per Section 5.7.2.1 may not be adequate for a cantilever retaining wall 
concrete footing slab. Further, because they are generally cast-in-place structures, issues of formwork, 
placement of reinforcement and in-situ concreting issues need to be addressed, i.e. QC issues. However, within 
the wall height range considered, i.e. maximum of 4 m, the concrete cantilever wall option can be competitive. 

RSS WALL OPTION 

This wall option has many of the drawbacks of a concrete cantilever retaining wall addressed. Being a more 
movement tolerant wall system, it requires less stringent site preparation, use of precast elements negates issues 
with reinforcement fixing and in-situ concreting. Wall facings can address aesthetic requirements with ease. On 
the other hand, the quality of backfill and placement are more important as the principal load carrying mechanism 
of lateral earth pressures on the facing panels relies on the interaction of the backfill with the reinforcement strips. 
Also the integrity of the connections between the reinforcing elements and the wall panels are critical. 
Environmental and chemical/electro-chemical considerations are relevant and may vary between inextensible 
steel reinforcement systems and geosynthetic reinforcement systems. This wall option has been widely used in 
Southern Ontario with good performance (MTO RSS Guidelines, Engineering Standards Branch). 

ARMOUR STONE WALL OPTION 

As the proposed retaining wall will form part of the bridge substructure on the north abutment, i.e. wing wall, this 
wall option is not considered appropriate for use in such locations. Hence, no further discussion is made of this 
option. 

 RECOMMENDED RETAINING WALL OPTION 

Within the wall height range considered (maximum 4 m height), concrete cantilever retaining wall option and 
geosynthetically reinforced wall option are comparable in terms of geotechnical considerations. The final decision 
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will depend on cost and whether aesthetic finishes are required. If aesthetics are a factor then the choice can 
get narrowed down to a RSS system. 

As the geotechnical criteria are common for both (other than proprietary system dependent issues such as 
internal stability of RSS walls), these issues are discussed below. 

LATERAL EARTH PRESSURES 

Static earth pressure coefficients for granular backfill are given in Table 5.3. The minimum granular requirement 
should satisfy the wedge shaped zone defined by a line drawn at 1.5 horizontal to 1 vertical (1.5H: 1V) extending 
up from the rear face of the footing (cantilever wall) or the rear face of the RSS backfill. 

BEARING RESISTANCE 

As discussed in Section 5.7.2.1, the top 1.0 m of overburden should be replaced with non-frost susceptible 
engineered fill. However, to support the preferred wall options, the remove and replacement will need to use 
Granular ‘A’ as excavation backfill within the wall footprint. However, the replacement depth should be increased 
to 1.5 m to provide enhanced scour resistance against flood events given the close proximity of the wall to the 
creek. The adequacy of this replacement material, and given the presence of the creek in the immediate vicinity 
(in front of the toe) of the wall alignment, whether a better quality backfill is needed will be reviewed under wall 
global stability considerations. 

The following table summarizes the recommended bearing resistances and underside footing elevations; 

Table 5-6: Recommended Bearing Resistances – Retaining Wall 

Subgrade 
Material 

Proposed Founding 
Depth (m) 

Recommended 
Geotechnical 
Reaction** at 
SLS*** (kPa) 

Recommended 
Factored 
Geotechnical 
Resistance** at 
ULS (kPa) 

Remarks 

Compacted 
Granular ‘A’ 

or Granular 
‘B’ Type II 

Top of granular pad 125* 185 Minimum 1.5 m 
thick and 5 m wide 

*  limited by the underlying deposits 

** geotechnical resistances and reactions mentioned above are for concentric loading conditions only and 
therefore do not account for inclined loading effects 

***  SLS values are based on a maximum total settlement of 25 mm and a maximum differential settlement of 20 
mm. 

All bearing surfaces should be inspected after excavation and underlying subgrade approved before backfilling 
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with the above OPSS Granular designations. 

STABILITY CONSIDERATIONS 

Sliding and Overturning 

The unfactored horizontal resistance against sliding between the compacted granular pad and the bases of the 
preferred wall options can be estimated using a friction angle of 32 degrees. The stability against overturning 
must be checked by the Structural Engineer once the geometry and the details of the wall system have been 
decided. 

Global Stability 

The most critical section for the wall which is considered to be the one closest to the creek (wall alignment  
approximately 1 m from the creek bank) has been used in the stability analysis for the retaining wall with the 
subsurface profile simulating BH A-3 conditions (the other borehole within the wall alignment, BH C6, show more 
competent subsoils). Two foundation pads were considered for the analysis, namely, a conventional granular 
pad and a geosynthetically reinforced granular pad. Figures 4 and 5 in Appendix D show the stability analysis 
results and are summarized in Table 5.7. The material in front of the wall toe (within the 1 m) has been virtually 
disregarded by modelling it as an extremely weak/soft material with Su of 1 kPa, given the close proximity to the 
creek. 

Table 5-7: Global Stability Results – Retaining Wall 

Nature of Foundation Pad Factor of Safety Remarks 

Granular 1.03  

Reinforced Granular 1.33 Two layers of uniaxial geogrid* 
placed within the granular pad 
at 1.0 m and 0.5 m depth 

*The geogrid must have a minimum long term design strength of 40 kN/m at the end of design life, after allowing 
for creep and installation effects. Because of the long-term reliance on strength, the polymer must not be 
polypropylene. The geosynthetic reinforcement shall be so placed to ensure the strength direction of the 
reinforcement is perpendicular to the axis of the retaining wall. Geosynthetic manufacturer’s instructions should 

be followed for product specific placement details and required bond lengths. An NSSP should be included in 
the Contract to address this and the suggested wording is included for reference in Appendix F. 

Based on the above analyses, the retaining wall should be placed on a geosynthetically reinforced granular pad 
of minimum1.5 m thickness with projections of 1 m in front and 1.5 m behind the heel of the wall gravity block. 
The side slopes of the granular pad can be at 1H:1V or shallower. The base and the sides of the reinforced 
granular pad should make contact with Class II, non-woven geosynthetic separator (OPSS 1860). 
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SETTLEMENTS 

The estimated settlement under the retaining wall is about 15 mm and hence the differential settlement between 
the retaining wall and the embankment just outside of the wall (See Section 5.7.3) is negligible.  

The summary of alternative retaining wall options is given in a summary/tabular form in Appendix E. 

5.8 CONSTRUCTION CONSIDERATIONS 

5.8.1 GENERAL 

During construction, the contract Administrator should employ experienced geotechnical staff to observe 
construction activities to ensure geotechnical recommendations are carried out. Potential construction 
considerations include, but are not necessarily limited to the following: 

5.8.2 SITE PREPARATION 

As discussed earlier in Section 5.5.1.2 and subsequently, prior to placement of any fill, all topsoil and the 
underlying organic silty clay/sandy silt should be stripped in accordance with OPSS 206. The exposed subgrade 
soils should be inspected prior to placement of embankment fill and proof-rolled to identify soft/loosened areas 
and such areas should be backfilled. Should delays be anticipated in the placing of excavation backfill, then a 
mud mat of lean concrete of minimum thickness 75 mm may be placed (if required) to protect the subgrade 
against time-related subgrade deterioration. An NSSP should be included in the Contract to address this and the 
suggested wording is included for reference in Appendix F. Based on the intercepted borehole conditions, this 
material was generally found to 1.0 m depth below ground surface. Non-frost susceptible engineered fill can be 
used as backfill. The special requirements for the retaining wall foundation are discussed in Section 5.7.4.3 
wherein the replacement depth under the wall footprint, i.e. width equal to the granular pad width, should be 
increased to 1.5 m. The granular pad should be compacted to at least 98 per cent of the standard Proctor 
Maximum Dry Density (SPMDD). The excavation and backfill should be carried out under geotechnical 
supervision. 

5.8.3 EXCAVATIONS 

All excavations, shoring and backfilling should be carried out in accordance with the Occupational Health and 
Safety Act (OHSA), as well as the following specifications. 

OPSS PROV 539 – Construction Specification for Temporary Protection Systems. 

OPSS 902 – Construction Specification for Excavating and Backfilling Structures. 

In accordance with OHSA, the sub-soils intercepted can be classified as follows: 

Organic silty clay/sandy silt  Type 4 

Clayey silt/sandy/silt    2H: 1V above water level and Type 4 below water 

Clayey till/sandy till    1H: 1V above water and 2H: 1V below water 
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The above slopes are for short-term open excavations only and should be visually monitored especially when 
people are working inside. 

Excavations in the native soils should be possible using heavy equipment such as a hydraulic excavator and 
cobbles and boulders within the native till deposits should be anticipated. 

Should shoring be undertaken, such system should be designed by a Professional Engineer, experienced in this 
type of work. Such work should conform to OPSS 539 and performance level for the protection system should 
be two (2). 

For shoring design, assume groundwater to be at the original ground surface. 

Table 5-8: Recommended Unfactored Parameters for Temporary Shoring Design 

5.8.4 GROUNDWATER  

here wet spoon conditions were observed during borehole drilling within the borehole cluster BH-C1 to BH-C6 
(6 nos), they were all observed below El. 84.0 m. To adjust seasonally, it is usual to add at least 1 m to reflect 
the worst conditions. The creek water level measured in February 2015 was at approximate El. 84.3 m (this will 
not reflect the spring thaw runoff). Equally the stream levels could be higher.  The top of the CSP is shown at El. 
84.0 m in Drawing No.3 (prepared by Planmac Engineering, dated January 26, 2016). In BH-C2, a sandy silt till 
deposit envelopes El. 84.0 where a grain size distribution result reveals 76% in the sand and gravel fraction. 

Based on these observations, and assuming the excavations are not deeper than El. 84.0 m, seepage into the 
excavations can be anticipated.  The seepage should be able to be handled by gravity drainage and pumping 
from open sumps and on occasions more aggressive dewatering may be required (e.g. vacuum well points/ 
eductors). For excavations close to the creek, seepage through conducting seams can be expected depending 
on the time of the year (i.e. creek level). For excavations extending into the till/shale complex, should expect 
more demanding dewatering and potential hydraulic blow out. These aspects should be ‘red flagged’ in the 

Soil Type Unfactored Parameters for Temporary Shoring Design   

Ka Ko Kp Bulk Unit Weight (kN/m3) 

Organic soils 0.41 0.58 - 17 

Silty Sand/Sandy Silt 0.33 0.5 3.0 18 

Clayey Silt/Silty Clay 0.33 0.5 3.0 18 

Sandy Silt Till 0.31 0.47 3.2 21 

Clayey Silt Till 0.31 0.47 3.2 21 

Till Shale Complex 0.24 0.4 4.2 22 
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contract documents. Intensity of seepage depends on the weather (i.e. precipitation), time of construction (i.e. 
snow melt) and construction methodology employed by the Contractor. Given the uncertainties, the obtaining of 
a PTTW is recommended and dewatering (if required) should be undertaken as per OPSS 517. 

5.8.5 EMBANKMENT FILL PLACEMENT 

Embankment fill placement should conform to OPSS 501. The top 600 mm of earthfill prior to placement of the 
granular subbase and base courses, should be compacted to at least 100 per cent of the standard Proctor 
Maximum Dry Density (SPMDD) as this is found to enhance pavement life by providing good subgrade support. 
To ensure appropriate materials are used and adequate levels of compaction are achieved, inspection and field 
density testing should be carried out by qualified geotechnical personnel. 

5.8.6 SLOPE PROTECTION/EROSION CONTROL 

The side slopes of the embankments should be provided with adequate erosion protection against surface water 
runoff. Proper erosion control measures should be implemented both during construction and permanently. This 
can be achieved by prompt seed and cover (OPSS 804) or sodding (OPSS 803). If the embankments have to 
be exposed during winter unprotected, then to minimize adverse spring thaw effects, covering the slopes with 
straw or gravel sheeting can be considered. Also maintain a cross-fall on top of the embankment so that no 
puddles will form during snow melt. Rip-rap placed at 1H: 1V without an underlying geotextile will be stable. 

Rip-rap protection should be provided in front of the abutments and outside the toe area of the retaining wall and 
should generally follow OPSD 810.010 and any specific recommendations in the hydrology report. 

These erosion/scour protection systems should be designed by a specialist River Engineer/Scientist (as erosion 
and scour largely depend on the hydraulic energy, i.e. velocity of water in the watercourse and its regime and 
the erodible nature of creek bank material). 

5.8.7 RE-USE/DISPOSAL OF EXCAVATED MATERIAL 

The excavated soil will not be suitable for any engineered construction. The investigation of disposal 
requirements is outside WSP’s scope. There is no guarantee as to whether or not excavated soils will be 

accepted by receivers.  Off-site receivers will likely require additional testing prior to acceptance of any soils.  
They may also reject soils based on other criteria, such as presence of organic material, peat, topsoil, rubble, or 
elevated moisture content. 

Vigilance must be kept on the excavated soils. Soils with any evidence of anomalous fill, staining or odours 
should be stockpiled separately, covered with tarps, and qualified professionals should be immediately contacted 
so that additional testing may be performed to assess their environmental quality. Management of excavated 
material should conform to OPSS 180.
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Wall backfill material 22 0 35

Clayey silt Ɵll 21 100 0

Granular pad 22 0 35

Low strength soil 14 1 0

Silty Clay 18 35 0

Support Name Color Type Adhesion (kPa) FricƟon
Angle (deg)

Strip Coverage
(%)

Tensile Strength
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Geosynethic GeoTexƟle 0 35 100 40
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APPENDIX E 
 
 

Summary of Foundation Alternatives 

 

Foundations        

Type 

Advantage/ 

Disadvantage 

Risks/ 

Consequences 

Relative 

Costs 

Recommendations 

Spread 

Footings  

Low cost 

Will require some shoring and 

dewatering effort 

Dewatering may be required 

depending on the groundwater 

conditions of the time of 

construction 

Low to 

medium 

cost 

Not recommended 

Drilled 

Caissons 

Less vibrations than driven piles 

Sub-artesian groundwater conditions; 

Will require dewatering; Difficulties of 

base inspections 

Due to shallow bedrock 

conditions and sub-artesian 

groundwater conditions, piles 

will be end bearing. However, 

base inspections may be 

compromised due to safety 

considerations.   

Moderate 

to high 

Not recommended  

Auger Press 

Concrete Piles 

(CFA Piles) 

Less vibrations than driven piles 

Hole stability is addressed by the 

installation process itself. Not 

particularly suited for lateral loads. 

Demands a higher degree of 

construction control to monitor auger 

extraction and concrete intrusion. 

 

Quality control issues and 

resulting uncertainties; If 

independent quick capacity 

assessment is required, 

reliability issues with PDA with 

such piles could be a risk. 

Moderate  Not recommended. 

Driven Steel 

Tube Piles 

Plugging issues with open driving and 

hence may require intermittent cleaning. 

Driving close ended needs significant 

reinforcement and potential for damage. 

Pile lengths can be changed easily 

Hard driving conditions are 

anticipated. Cobles and 

boulders in till can pose 

obstruction 

Moderate 

to High 

Not recommended 

Driven Steel H-

Piles 

Common in Ontario and widely used for 

integral abutments. Many contractors 

and resulting competitiveness and 

economies. Can withstand hard driving 

with suitable rock points. Pile soil 

interface under sub-artesian ground 

conditions can erode shaft resistance 

and loosen end bearing in cohesionless 

soils. Pile lengths can be changed easily 

Cobles and boulders in till can 

pose obstruction. In the present 

ground conditions, shaft 

resistance can be 

compromised. However, the 

piles will act predominantly in 

end bearing onto the weathered 

shale under the project 

conditions 

Moderate 

to high 

Recommended. 
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Summary of Retaining Wall Alternatives 

 

Retaining 

Wall        

Type 

Advantage/ 

Disadvantage 

Risks/ 

Consequences 

Relative 

Costs 

Recommendations 

Concrete 

Cantilever 

Retaining 

Wall  

Common wall system 

 

Less sympathetic to 

movements, hence 

more effort for site 

preparation 

May require some 

shoring and 

dewatering effort 

More time involved in 

construction issues, 

e.g. steel erection and 

in-situ concreting 

Limited in providing 

aesthetic finishes  

 

Susceptible to movement damage 

High in-situ construction elements could mean 

susceptibility to durability issues  

Low to 

medium cost 

for low height 

walls of limited 

length 

Recommended 

RSS Wall 

Widely used in 

Southern Ontario 

More sympathetic to 

ground movements 

Less demand for in-

situ erection 

procedures 

More capacity for 

providing aesthetic 

finishes 

May not be 

competitive for low 

height and limited 

length of walls 

Granular backfill with embedded reinforcing ties 

play a geo-structural; hence greater control in 

backfill compaction is required. 

Also the integrity of the connections between 

the reinforcing elements and the wall panels are 

critical. Environmental and chemical/electro-

chemical considerations are relevant and may 

vary between inextensible steel reinforcement 

systems and geosynthetic reinforcement 

systems. 

 

Low to 

moderate 

Attractive for 

higher height 

walls 

Recommended  

Armour 

Stone Wall 

Not appropriate for as 

part of bridge 

substructure, i.e. wing 

wall 

 

Quality control issues and resulting 

uncertainties;  

Moderate  Not recommended. 
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List of SPs, OPSSs, OPSDs and NSSPs referenced in the Report 

 

SSD S103-11 STANDARD STRUCTURAL DRAWING SS-103-11 

OPSD 3000.100 FOUNDATION PILES STEEL H-PILE DRIVING SHOE 

OPSD 3101.150 WALLS ABUTMENT, BACKFILL - MINIMUM GRANULAR REQUIREMENT 

OPSD 3121.150 WALLS RETAINING, BACKFILL - MINIMUM GRANULAR REQUIREMENT 

OPSS 501 CONSTRUCTION SPECIFICATION FOR COMPACTING 

OPSS 803 CONSTRUCTION SPECIFICATION FOR SODDING 

OPSS.P
ROV 212 CONSTRUCTION SPECIFICATION FOR EARTH BORROW 

OPSS 206 CONSTRUCTION SPECIFICATION FOR GRADING 

OPSS 804 CONSTRUCTION SPECIFICATION FOR SEED AND COVER 

OPSS 902 
CONSTRUCTION SPECIFICATION FOR EXCAVATING AND BACKFILLING - 
STRUCTURES 

OPSD 3102.100 WALLS ABUTMENTS BACKFILL DRAIN 

NSSP  ROCK POINTS 

OPSS.P
ROV 1010 MATERIAL SPECIFICATION FOR PAVING AND BACKFILL 

OPSS 1860 MATERIAL SPECIFICATION FOR GEOTEXTILES 

NSSP  MUD MAT 

OPSS 517 
CONSTRUCTION SPECIFICATION FOR DEWATERING OF PIPELINE, 
UTILITY, AND ASSOCIATED STRUCTURE EXCAVATION 

OPSS 903 CONSTRUCTION SPECIFICATION FOR DEEP FOUNDATIONS 

OPSS 539 
CONSTRUCTION SPECIFICATION FOR TEMPORARY PROTECTION 
SYSTEMS 

NSSP  SPECIFICATION OF GEOSYNTHETIC REINFORCEMENT 

OPSS 180 
GENERAL SPECIFICATIONS FOR THE MANAGEMENT OF EXCESS 
MATERIALS 

NSSP  NON-FROST SUSCEPTIBLE ENGINEERED FILL 

NSSP  H-PILES - HP 310X110 

 

 

 

 

 



 
 
 
 
 
 

 

H-PILES - HP 310X110 
 
Special Provision 
 

The requirements of OPSS 903, November, 2009 shall govern this- specification with the following 
amendments: 

903.07.02 DRIVEN PILES 

The Contractor shall note that there is a possibility of the presence of cobbles, boulders and 
shale rock slabs in the area where piles are to be installed, and heavy pile driving requirements 
through the very dense strata. If such obstructions are encountered, the Contractor shall employ 

the necessary measures to comply with the requirements of OPSS 903. The Contractor shall 
avoid overdriving and damaging the pile tip, i.e. the structural capacity of the piles shall not be 

exceeded. 

 

903.10   BASIS FOR PAYMENT 

903.10.02 H-PILES - ITEM 

Subsection 903.10.02 is amended by the addition of the following paragraphs: 

If obstacles such as cobbles, boulders, rock slabs, and heavy pile driving conditions are 

encountered there will be no additional cost to the Contract. 
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DRIVING SHOES 
 
Non-Standard Special Provision 
 
Scope 
 
As part of the work under the above tender item, the Contractor shall supply Titus Standard “H” Bearing 
Pipe Point design driving shoes on HP 310 x 110 Piles. Road. 
 
References 
OPSS 906 – Structural Steel 
SP903S01 
 
Materials 
 
The driving shoes shall be of the following: 
 
Product   Manufacturer 
 
HPP-S-12   Titus Steel Company Ltd. 
    6767 Invader Cr. 
    Mississauga, ON 
    Tel (905) 564-2446 
 
(Or approved equivalent) 
 
Basis of Payment  
 

Payment at the Contract Price for the above tender items shall be full compensation for all labour, 

equipment and material to do the work. 
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Payment at the Contract Price for the above tender item shall be full compensation for material supplied 

conforming to this Special Provision. 

 
 

  

Non-Frost Susceptible Engineered Fill 
 
Non-Standard Special Provision 
 
Scope of Work: 
 
The scope of work for the above noted tender item includes supply and replacement of weak organic 
surficial material generally up to 1.0 m thickness under the embankment footprint excluding the footprint 
delineated for the retaining wall.  
 
The requirements of OPSS 212 PROV, November 2013 shall govern this specification for the 
replacement material with the following amendment:  
 
212.05.01 Earth Borrow  
 
Earth borrow shall consist of earth as defined in OPSS 206 and shall be free from organic and foreign 
material and containing not more than  40% of its particles by mass passing the  75 μm in size, as 
determined using LS-702, shall be considered as earth borrow. 
 
Basis of Payment  
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Geosynthetic Reinforcement (Granular Pad)  
 
Non-Standard Special Provision 
 
Material Specification: 
 
The first paragraph of Subsection 1860.05 MATERIALS is amended as follows: 
 
The uniaxial geogrid shall be of polyester, or high density polyethylene polymer. It shall have a long-term 
design strength of 40 kN/m at the end of the design life of the structure which is specified in the contract 
documents.  
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LEAN CONCRETE (MUD MAT)  
 
Non-Standard Special Provision 
 
Scope of Work: 
 
The scope of work for the above noted tender item includes supply and installation of the lean concrete 
(i.e. mud mat) to prevent erosion and/or disturbance to the foundation soils, if required. If the granular pad 
for the retaining wall footings on the native or engineered fill soil cannot be poured immediately after the 
excavation and inspection, a working mat of lean concrete should be placed in the excavation to protect 
the integrity of the bearing stratum. 
 
Construction 
 
Lean concrete shall have a compressive strength of at least 5 MPa, shall be placed in general 
accordance with OPSS 904, and the working mat shall have a minimum thickness of 75 mm. The working 
mat should extend to at least one metre beyond the granular pad footprint.  
 
Basis of Payment  
 

Payment at the contract price for the above noted tender item includes full compensation for all labour, 

equipment and materials to do the required work. 
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LIMITATIONS OF REPORT 

This report is intended solely for the Client named. The material in it reflects our best judgment in light of 
the information available to WSP Canada Inc. at the time of preparation. Unless otherwise agreed in writing 
by WSP Canada Inc., it shall not be used to express or imply warranty as to the fitness of the property for 
a particular purpose. No portion of this report may be used as a separate entity, it is written to be read in 
its entirety. 

The conclusions and recommendations given in this report are based on information determined at the test 
hole locations. The information contained herein in no way reflects on the environment aspects of the 
project, unless otherwise stated. Subsurface and groundwater conditions between and beyond the test 
holes may differ from those encountered at the test hole locations, and conditions may become apparent 
during construction, which could not be detected or anticipated at the time of the site investigation. The 
benchmark and elevations used in this report are primarily to establish relative elevation differences 
between the test hole locations and should not be used for other purposes, such as grading, excavating, 
planning, development, etc. 

The design recommendations given in this report are applicable only to the project described in the text and 
then only if constructed substantially in accordance with the details stated in this report. 

The comments made in this report on potential construction problems and possible methods are intended 
only for the guidance of the designer. The number of test holes may not be sufficient to determine all the 
factors that may affect construction methods and costs. For example, the thickness of surficial topsoil or fill 
layers may vary markedly and unpredictably. The contractors bidding on this project or undertaking the 
construction should, therefore, make their own interpretation of the factual information presented and draw 
their own conclusions as to how the subsurface conditions may affect their work. This work has been 
undertaken in accordance with normally accepted geotechnical engineering practices. 

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, 
are the responsibility of such third parties. WSP Canada Inc. accepts no responsibility for damages, if any, 
suffered by any third party as a result of decisions made or actions based on this report. 

We accept no responsibility for any decisions made or actions taken as a result of this report unless we are 
specifically advised of and participate in such action, in which case our responsibility will be as agreed to 
at that time. 

 


