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1.0 INTRODUCTION 
Golder Associates Ltd. (Golder) has been retained by AECOM on behalf of the Ministry of Transportation, 
Ontario (MTO) to provide preliminary foundation engineering services for the future improvements and widening 
of Highway 401 from Brock Road to Courtice Road in the Regional Municipality of Durham, Ontario. 

This report addresses the proposed widening of the existing Duffins Creek bridges.  This report was developed 
with information from previous geotechnical/foundation investigations at the site, as follows: 

 MTO GEOCRES No. 30M14-007:  Report titled “Foundation Investigation Report for Widening of Duffins 
Creek Bridge on Highway 401, District 6 (Toronto), W.O. 72-11119, W.P. 44-71-02,” prepared by Ministry of 
Transportation and Communications, Ontario, dated January 22, 1973. 

 MTO GEOCRES No. 30M14-252:  Report titled “Foundation Investigation and Design Report For Highway 
401 Bridge Widening at Church Street/Duffins Creek, Town of Pickering, W.P. 137-95-00, Site 22-120,” 
prepared by Golder Associates Ltd., dated December 18, 1997. 

The terms of reference for the preliminary foundation engineering services are outlined in MTO’s Request for 
Proposals (RFP) for Assignment No. 2010-E-0062, dated June 2011.  The scope of work for the preliminary 
foundation engineering services is presented in Section 5.8 of URS’s Technical Proposal for this assignment, as 
well as Golder’s Scope Change for Foundations Engineering Services letter dated December 8, 2014. 

 

2.0 SITE DESCRIPTION 
The Duffins Creek bridges are located approximately 1.7 km east of Brock Road in the City of Pickering, in the 
Regional Municipality of Durham, Ontario.  The existing bridges are six-span structures that were originally 
constructed in 1940, and it is understood that the original structures were founded on spread footings supported 
on shale bedrock.  The eastbound and westbound bridges were widened approximately 6 m toward the outside 
under Contract 75-07, and widened again in the late 1990s; for both phases of outward widening of the 
structures, the widened abutments and piers are supported on steel H-piles either driven to bedrock or placed in 
pre-augered holes extended to the bedrock.   

The Duffins Creek channel is at approximately Elevation 77.5 m to 78 m, and the floodplain adjacent to the creek 
is at approximately Elevation 78.5 m to 81 m, rising to the west and east away from the creek.  The natural 
ground surface elevation outside of the creek valley in the vicinity of the bridge is at approximately Elevation 
86 m, with a relatively level topography.  The Church Street grade is at approximately Elevation 81 m, along the 
west side of the creek.  Highway 401 has been constructed near the existing ground surface outside of the creek 
valley, with its grade varying from about Elevation 88 m on the west side to about Elevation 87 m on the east 
side of the creek.   

 

3.0 INVESTIGATION PROCEDURES 
Two previous investigations have been completed at this site, including one in November 1972 by the Ministry of 
Transportation and Communications, Ontario and one in September 1997 by Golder.  The locations of the 

May 19, 2017 
Report No. 11-1184-0143-2 1  

 



 

PRELIMINARY FOUNDATION REPORT 
DUFFINS CREEK BRIDGES, W.O. 10-20011 

 

boreholes are shown on Drawing 1, appended to this report, and further details regarding both investigation 
programs is provided in the following sections. 

3.1 1972 Investigation (GEOCRES No. 30M14-007) 
Twenty-two boreholes were advanced at this site as part of the previous geotechnical investigation completed by 
the Ministry of Transportation and Communications, Ontario in November 1972.  Boreholes 3, 6, 10, 13, 16, 19, 
and 22 were advanced on the north side of Highway 401 in the area of the existing bridge structure; Boreholes 2, 
5, 9, 12, 15, 18, and 21 were advanced in the median area of Highway 401; and Boreholes 1, 4, 7, 8, 11, 14, 17, 
and 20 were advanced on the south side of Highway 401 in the area of the existing bridge structure.  The 
boreholes were advanced using hollow stem augers on a track-mounted drill rig through the overburden and 
using diamond drilling equipment through the bedrock.  The drill rigs were supplied and operated by Canadian 
Longyear Ltd. and Dominion Soils Ltd.  Soil samples were obtained using a 50 mm outside diameter split-spoon 
samplers in accordance with the Standard Penetration Test (SPT) procedure.  BX or BXL core samples were 
obtain from the bedrock, where encountered.  Two dynamic cone penetration tests were carried in Boreholes 7 
and 8. 

The water level in the open boreholes was observed throughout the drilling operations. 

3.2 1997 Investigation (GEOCRES No. 30M14-252) 
Seven boreholes were advanced at this site as part of a 1997 investigation completed by Golder, for the outward 
widening of the bridges.  Boreholes 101 through 103 were advanced on the north side of Highway 401, while 
Boreholes 104 through 107 were advanced on the south side of Highway 401.  The boreholes were advanced 
using a track-mounted CME 55 drill rig, supplied and operated by Eastern Soil Investigation Limited. 

Standard Penetration Testing (SPT) was carried out at intervals of depth of about 0.75 m and 1.5 m, and 
samples of the soils and rock were recovered using conventional drive open (split-spoon) sampling equipment.  
Bedrock was cored using an NQ size core barrel in Borehole 102.  

The water level in the open boreholes was observed throughout the drilling operations, and piezometers were 
installed in select boreholes to allow monitoring of the groundwater level. 

 

4.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS 
4.1 Regional Geology 
This section of Highway 401 is located within the Iroquois Plain physiographic region, as delineated in The 
Physiography of Southern Ontario (Chapman and Putnam, 1984) and Urban Geology of Canadian Cities 
(Brennand, 1998).  The Iroquois Plain extends around the western shores of Lake Ontario.  The Plain is 
comprised of the flat to undulating lakebed and beaches of the former glacial Lake Iroquois, which occupied this 
area during the last glacial recession. 

The surficial soils in this area of the Iroquois Plain are typically comprised of glaciolacustrine clays, silts and 
sands to gravelly sands, which are underlain by an extensive till deposit that is mapped in this area as the 
Bowmanville Till.  More recent alluvial deposits of gravel, sand, silt and/or clay are present in the creek valleys. 
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4.2 Subsurface Conditions 
The detailed subsurface soil and groundwater conditions encountered in the boreholes advanced as part of the 
previous investigation, together with the results of in situ and laboratory testing are presented on the borehole 
records in Appendices A (1972 investigation) and B (1997 investigation).  The borehole locations are shown on 
Drawing 1, and interpreted stratigraphic profiles along the bridge are shown on Drawing 2. 

The stratigraphic boundaries shown on the borehole records and on the interpreted stratigraphic profiles are inferred 
from observations of drilling progress and non-continuous sampling and, therefore, represent transitions between soil 
types rather than exact planes of geological change.  The subsoil and bedrock conditions will vary between and 
beyond the borehole locations. 

In general, the subsurface conditions at the site consist of relatively thin layers of topsoil and/or fill underlain by a non-
cohesive deposit of interlayered sands, silts, and sand and gravel.  Thin layers of clayey silt to silty clay are present 
within the non-cohesive deposit.  The overburden soils are underlain by shale bedrock, which was generally 
encountered at depths ranging from about 5.5 m to 10 m below ground surface.  A detailed description of the 
subsurface conditions encountered in the boreholes is provided in the following sections. 

4.2.1 Topsoil 
Topsoil was encountered in Boreholes 105 to 107 on the south side of the existing bridge, immediately below the 
ground surface at the time of the 1997 investigation.  Approximately 50 mm of topsoil was encountered 
immediately below the then-existing ground surface in Boreholes 105 and 107 and approximately 600 mm of 
topsoil was encountered immediately below the then-existing ground surface in Borehole 106. 

4.2.2 Fill  
Fill material was encountered in five of the seven boreholes drilled during Golder’s 1997 investigation. The fill 
material was encountered immediately below the then-existing ground surface in Boreholes 101, 103, and 104 
and underlying the topsoil in Boreholes 105 and 106.  The thickness of the fill ranged from approximately 0.6 m 
in Borehole 105 to approximately 2.9 m in Borehole 104.  The base of the fill was encountered between about 
Elevations 76.1 m and 80.1 m. 

The encountered fill material typically consists of variable proportions of sand, silt, and gravel and is classified as 
sand, silty sand, and sand and gravel.  The fill material contained organics, asphalt fragments, metal fragments, 
glass fragments, and silty clay lenses.  In Borehole 104, approximately 1.5 m of silty clay fill containing organics 
was encountered underlying the sand and gravel fill. 

The Standard Penetration Test (SPT) ‘N’-values measured in the non-cohesive fill ranged from 3 to 30 blows per 
0.3 m of penetration, indicating a very loose to compact relative density.  The SPT ‘N’-values measured in the 
silty clay fill encountered in Borehole 104 were 3 and 6 blows per 0.3 m of penetration, suggesting a soft to firm 
consistency.  The natural water content measured on selected samples of the fill varied between 6 per cent and 
18 per cent. 

4.2.3 Sand to Silt Deposit 
A non-cohesive deposit consisting of variable proportions of sand and silt was encountered immediately below 
the ground surface, or underlying the topsoil or fill, in all boreholes from both investigations with the exception of 
Borehole 104 form the 1997 investigation.  It has been interpreted as the predominant deposit at this site, within 
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which interlayers of coarser sand/gravel and finer clayey silt to silty clay are present; these interlayers are 
described in Sections 4.2.4 and 4.2.5, respectively.  The base of the overall sand to silt deposit was encountered 
between approximately Elevations 76.4 m and 69.6 m in the boreholes, and the encountered thickness (inclusive 
of interlayers) ranges from about 1.4 m to 9.9 m.   

The deposit consists of layers of non-cohesive soil that vary in composition from sand, to sandy silt/silty sand, to 
sand and silt, to silt, containing trace to some clay and trace to some gravel.  Organic matter was observed in 
samples recovered near the then-existing ground surface, and shell and shale fragments were observed in some 
samples.  Cobbles and boulders were also observed or inferred in some boreholes, as noted on the borehole 
records.  The results of grain size distribution tests completed on selected samples of this deposit are shown on 
Figures 1 and 2 in Appendix B.   

The SPT ‘N’-values measured in the sand to silt deposit range from about 1 blow per 0.3 m of penetration to in 
excess of 100 blows per 0.3 m of penetration, indicating a very loose to very dense relative density.  The SPT 
‘N’-value typically increased with depth. 

The measured water contents of samples of the silt to sand deposit range from about 5 to 45 per cent, but are 
generally less than 20 per cent. 

4.2.4 Sand to Gravel to Gravelly Sand Layers 
Discontinuous layers consisting of variable proportions of sand and gravel were encountered within the sand to 
silt deposit.  These coarser sand to gravel layers were encountered in Boreholes 1, 2, 4, 6, 11, 12, 13, 15, 20, 
102, 104, 106, and 107.  The thickness of these coarser interlayers ranges from about 0.8 m to 5 m.  The sand 
and gravel to gravelly sand layers generally contain trace to some silt and trace clay; cobbles and/or boulders 
were observed or inferred in association with these layers, as noted on the borehole records.  The result of a 
grain size distribution test on a sample of the sand and gravel layer is shown on Figure 3 in Appendix B. 

The SPT ‘N’-values measured in the sand and gravel to gravelly sand layers range from 2 blows per 0.3 m of 
penetration to in excess of 100 blows per 0.3 m of penetration, indicating a very loose to very dense, but typically 
dense to very dense relative density.   

The measured water contents of samples of the sand to gravel deposit ranged from about 5 per cent to 30 
per cent, but were generally less than 15 per cent.   

4.2.5 Silty Clay to Clayey Silt Layers 
Discontinuous layers consisting of clayey silt to silty clay were encountered within the sand to silt deposit.  The 
cohesive layers were encountered in Boreholes 101, 102, 104, 105, and 107.  The thickness of the layers ranges 
from about 0.5 m to 1.5 m.  The silty clay to clayey silt layers were observed to contain trace gravel, shell 
fragments, and shale fragments. 

The SPT ‘N’-values measured in the silty clay to clayey silt layers range from about 2 to 140 blows per 0.3 m of 
penetration, indicating a very soft to hard consistency. 

The measured water contents of samples of the silty clay to clayey silt layers range from about 8 to 35 per cent. 
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4.2.6 Shale Bedrock 
Shale bedrock of the Whitby Formation was encountered in all of the boreholes from both investigations.  The 
weathered upper portion of the bedrock was penetrated and recovered by augering.  Bedrock coring was carried 
out in Boreholes 1, 2, 5, 6, 8, 9, 11, 13, 15 to 18, 22 and 102, using BX or BXL-size coring equipment in the 1972 
boreholes, and NQ-size coring equipment in the 1997 borehole. 

The depth to bedrock ranged from 5.5 m to 10.9 m below the ground surface at the time of the 1972 and 1997 
investigations, and the bedrock surface elevation varies from about 69.6 m to 73.5 m.  The depth to bedrock and 
approximate bedrock surface elevation at the borehole locations are summarized in the following table. 

Widening 
Area 

Borehole 
No. Foundation Element 

Depth to 
Bedrock 

Surface (m) 

Bedrock 
Surface 

Elevation (m) 

North Side of 
WBL Bridge 

3 West Abutment 9.9 70.5 
101 

6 Pier A 10.9 
9.0 

69.6 
70.7 

10 Pier B 7.3 72.2 
102 
13 Pier C 7.4 

5.7 
71.4 
72.1 

16 Pier D 5.9 72.8 
19 Pier E 6.2 73.0 
103 
22 East Abutment 7.7 

7.2 
73.0 
73.5 

Median 2 
5 West Abutment 8.2 

8.3 
71.7 
71.7 

9 Pier B 7.6 71.9 
12 Pier C 6.1 72.1 
15 Pier D 5.5 73.0 
18 Pier E 6.4 72.7 
21 East Abutment 6.5 73.5 

South Side of 
EBL Bridge 

106 
1 
4 

West Abutment 
8.0 
9.2 
8.2 

72.7 
71.5 
72.1 

105 
7 
8 

Pier B 
6.5 
6.8 
7.3 

72.8 
72.3 
72.2 

11 Pier C 5.9 71.8 
107 
14 Pier D 6.5 

5.9 
72.6 
73.0 

104 
17 Pier E 6.1 

7.0 
72.9 
72.0 

20 East Abutment 6.1 73.5 
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In general, the bedrock is described as thinly bedded, grey shale of the Whitby Formation, containing occasional 
thin limestone interlayers.  Based on observations from the recovered rock core, the upper 1.0 m to 2.7 m of the 
shale is highly fractured and weathered; below this zone, the bedrock becomes moderately weathered to fresh. 

The Rock Quality Designation (RQD) values measured on the core samples retrieved ranged between 
17 per cent and 100 per cent, indicating a rock mass of variable, very poor to excellent quality.   

4.3 Groundwater Conditions 
During the 1997 investigation, water levels were observed in the open boreholes at the completion of drilling and 
in the standpipe piezometers following drilling, and these measurements are summarized below.  The 
groundwater conditions from the 1972 investigation have not been included, as the borehole records do not 
include details regarding the state of the borehole or the date the water level was taken. 

Borehole 
No. 

Ground 
Surface 

Elevation (m) 

Depth to 
Water Level 

(m) 
Groundwater 
Elevation (m) Date 

101 80.5 4.4 76.1 Sep 11, 1997 - Completion 

102 78.8 3.3 
2.5 

75.5 
76.3 

Sep 16, 1997 - Piezo 
December 11, 1997 - Piezo 

103 80.7 
Dry 
3.5 
3.0 

- 
77.2 
77.7 

Sep 12, 1997 – Completion 
Sep 16, 1997 - Piezometer 
Dec 11, 1997 - Piezometer 

104 79.0 
2.9 
3.7 
2.4 

76.1 
75.3 
76.6 

Sep 12, 1997 – Completion 
Sep 16, 1997 - Piezometer 
Dec 11, 1997 – Piezometer 

105 79.3 3.2 76.1 Sep 11, 1997 – Completion 

106 80.6 
2.6 
2.6 
2.5 

78.0 
78.0 
78.1 

Sep 11, 1997 - Completion 
Sep 16, 1997 – Piezometer 
Dec 11, 1997 – Piezometer 

107 79.0 2.6 76.4 Sep 12, 1997 – Completion 
 

The water levels observed in the open boreholes on completion of drilling may not represent long-term stabilized 
groundwater levels.  Measurements taken in the piezometers on December 11, 1997 indicate that the 
groundwater level was at a depth of 2.4 m to 3.0 m below ground surface, corresponding to about Elevation 
76.3 m to 78.1 m.  The water level at the site is expected to fluctuate seasonally in response to changes in 
precipitation and snow melt, and is expected to be higher during the spring and periods of precipitation. 
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5.0 CLOSURE 
This Preliminary Foundation Investigation Report was prepared by Ms. Haley Schafer and was reviewed by Ms. 
Nikol Kochmanova, P.Eng.  Ms. Lisa Coyne, P.Eng., a Principal and Designated MTO Foundations Contact for 
Golder, conducted an independent review of this report. 

GOLDER ASSOCIATES LTD. 

Nikol Kochmanova, P.Eng. Lisa Coyne, P.Eng. 
Geotechnical Engineer Designated MTO Foundations Contact, Principal 

HS/NK/LCC/sm 

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation. 

n:\active\2011\1184\11-1184-0143 urs hwy 401 brock to courtice\6 - reports\2 - duffins creek bridge\11-1184-0143 rpt02 2017-05-19 duffins creek bridge.docx 
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6.0 DISCUSSION AND PRELIMINARY ENGINEERING 
RECOMMENDATIONS 

6.1 General 
This section of the report provides preliminary foundation recommendations in support of the proposed widening 
of the existing Duffins Creek bridges at Highway 401 (MTO Structure Site 22-120).  These preliminary 
recommendations are based on interpretation of the factual data obtained from the boreholes advanced during 
previous subsurface investigations at this site.  This Preliminary Foundation Design Report, including the 
interpretations and recommendations contained herein, are intended for the use of MTO to provide the designers 
with sufficient information to assess the feasible foundation alternatives and to carry out the preliminary design of 
the structure foundations.  This Preliminary Foundation Design Report shall not be used or relied upon for any 
other purpose or by any other parties, including contractors.  Further investigation and design will be required 
during the detailed design stage. 

Where comments are made on construction, they are provided to highlight those aspects that could affect the 
design of the project, and for which special provisions or operational constraints may be required in the contract 
documents.  Contractors must make their own interpretation of the factual information provided in the Preliminary 
Foundation Investigation Report, as such interpretation may affect equipment selection, proposed construction 
methods, scheduling and the like. 

6.2 Foundation Options 
It is understood that as part of the future improvements and widening of Highway 401 from Brock Road to 
Courtice Road, the existing six-span Duffins Creek bridges will be widened.  Based on the preliminary General 
Arrangement (GA) drawing provided by AECOM, the existing bridges will be widened by about 3.4 m on the 
south side and about 7.2 m on the north side, along with median widening of the westbound and eastbound 
structures.  The existing bridge substructure at the piers was built to sufficient width to accommodate the 
presently proposed structure widening.  However, it is understood that widening of the abutment foundations will 
be required to support the widening of the superstructure. 

The following design drawings are available for the Duffins Creek bridges: 

 Contract No. 98-39, WP No. 137-95-00, Sheet 287: “Highway 401 Overpass at Church St/Duffins Creek, 
Foundation Layout and Reinforcement”, prepared by Cole Sherman, dated January 1998. 

 WP No. 218-90-01/02, Sheets 13 and 14: “Highway 401/Church Street, Overpass Rehabilitation”, prepared 
by Cole Sherman, dated June September 1991. 

Based on these drawings, the original eastbound and westbound structures are supported on spread footings 
founded within the shale bedrock or in very dense overburden soils, at a depth of approximately 5.5 m to 7.0 m 
below the ground surface.  The bridges were widened by 6 m on the north and south sides in 1975 using 
HP310x110 piles driven to bedrock, and widened again in the late 1990s with piles placed within pre-augered 
holes and/or driven to bedrock.   

Both shallow and deep foundation options have been considered for support of the required abutment widening 
for the Duffins Creek bridges.  A summary of the advantages and disadvantages associated with each option is 
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provided below, and a comparison of the alternative foundation options based on advantages, disadvantages, 
risks and relative costs is provided in Table 1 following the text of this report. 

 Strip or spread footings founded on the compact to dense sand to silt deposit:  Zones of very loose 
to loose sand to silt are present in the upper portion of the boreholes that were drilled at the west and east 
abutment locations; these soils extend as deep as 4.9 m (Elevation 75.5 m) at the west abutment, and 
5.6 m (Elevation 74.4 m) at the east abutment.  It would be necessary to either extend shallow foundations 
for the abutment widening to this depth, or subexcavate and replace the loose soils with engineered fill prior 
to construction footings at a higher elevation.  Significant temporary protection systems would be required 
to protect the existing structure and highway approach embankment, and dewatering would be required.  In 
addition, there would be potential for differential settlement between the existing pile-supported portions of 
the abutments and the new widening areas.  As a result, this foundation option is not considered feasible 
for the abutment widening at this site. 

 Driven steel H-piles or pipe piles founded on the shale bedrock:  Driven steel H-piles or steel pipe 
(tube) piles are feasible for support of the abutment widening; they are compatible with the existing pile-
supported abutments, would permit the pile cap to be maintained at a relatively high elevation to minimize 
excavation, shoring and dewatering requirements, and would permit the construction of integral abutments. 
Deep foundations are further considered to have a technical advantage over spread footings as the 
differential settlement between the widened and existing portions of the structure would be negligible.  
Based on the available borehole information, the surface of the bedrock is at about Elevation 70.5 m to 
72.7 m at the west abutments, and Elevation 73 m to 73.5 m at the east abutments.  As such, the minimum 
required pile length of 5 m for integral abutments will be achievable.  It is anticipated, however, that “100-
blow” soil will be encountered at shallow depths and pre-augering may be required for the pile installation.  
Pile driving shoes are recommended to protect the pile tips from damage during driving into the very dense 
till deposit. 

 Caissons founded in the shale bedrock:  Caissons are considered feasible for the support of the 
abutment widening; however this option would preclude integral abutment design, and may not be 
compatible with the existing integral abutments.  As for piles, caissons are considered to have a technical 
advantage over spread footings as the differential settlement between the existing and widened portions of 
the bridges would be negligible.  This option will be more expensive than pile foundations, although fewer 
caisson elements would be required in comparison to the number of steel piles that would be required.  If 
caissons are adopted for support of the abutments, they would extend into and through water-bearing non-
cohesive soil deposits; temporary liners would be required during construction to control potential ground 
losses and allow for cleaning of the caisson base. 

Based on the above considerations, it is recommended that the abutment widening be supported on steel 
H-piles driven to the bedrock or placed within pre-augered holes that extend to the bedrock. Shallow foundations 
supported on the native soils or on the bedrock are not recommended for support of the widening, due to the 
depth of excavation and associated protection system and dewatering requirements, the risk of impact of such 
excavation on the existing foundations, and the potential for differential settlement between the existing and new 
portions of the foundation elements. 
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6.3 Assessment of Existing Pier Foundations for Support of 
Superstructure Widening 

As-built records are not available for the H-pile installation associated with the north and south widening under 
Contract 98-39.  Based on the borehole information, for the structural assessment of the superstructure 
widening, the existing HP310x110 piles that support the pier substructure may be taken to have a factored axial 
geotechnical resistance at Ultimate Limit States (ULS) of 1,800 kN, and a geotechnical reaction at Serviceability 
Limit States (SLS, for 15 mm of settlement) of 1,600 kN. 

6.4 Driven Steel H-Pile or Steel Pipe (Tube) Pile Foundations 
6.4.1 Founding Elevation 
For preliminary design purposes, it has been assumed that the abutment pile caps would be constructed to 
match the existing east and west abutment pile caps.  The pile caps should be founded at a minimum depth of 
1.2 m below the lowest surrounding grade to provide adequate protection against frost penetration (per OPSD 
3090.101 – Foundation Frost Depths for Southern Ontario).  The table below provides pile tip levels for 
preliminary design of pile foundations driven to refusal within the shale bedrock, based on interpretation of the 
closest available borehole information.  Based on the strength and weathering observed in the upper portion of 
the bedrock where it could be penetrated by augering and split-spoon sampling, these recommendations 
assume some penetration into the bedrock at the widened abutment locations. 

Foundation Element Bedrock Surface 
Elevation (m) 

Design Pile 
Tip Elevation 

(m) 

West Abutment  
WBL – North Widening 70.5 68.0 

West Abutment 
Median Widening 71.7 69.0 

West Abutment  
EBL – South Widening 71.5 to 72.7 70.0 

East Abutment  
WBL – North Widening 73.0 to 73.5 72.0 

East Abutment 
Median Widening 73.5 72.0 

East Abutment 
EBL – South Widening 73.5 72.0 

Based on the pile cap elevation, bedrock surface elevation and anticipated penetration into the bedrock, the piles 
are expected to be longer than the minimum length of 5 m that is required for integral abutments.  The presence 
of very dense “100-blow” soil at relatively shallow depth in some of the boreholes may require pre-augering prior 
to driving of the piles, and this could be done in conjunction with the installation of the corrugated steel pipe 
(CSP) liners.   

As discussed in Section 6.2, for the installation of steel H-piles or steel pipe piles, consideration must be given to 
the potential presence of cobbles and boulders within the glacially-derived soils at this site, as well as the 
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potential for damage to the pile tips during seating on the bedrock.  Steel H-piles are preferred over steel pipe 
piles as pipe piles are considered to pose a higher risk of experiencing refusal on boulders or being deflected 
away from the vertical/battered orientation during installation due to their larger end area.  Piles should be 
reinforced at the tip with driving shoes and/or flange plates in accordance with OPSD 3000.100 (Steel H-Pile 
Driving Shoe) or OPSD 3001.100 (Steel Tube Pile Driving Shoe) Type II, as appropriate, to reduce the potential 
for damage to the piles during driving.  In very dense strata containing cobbles and/or boulders, as encountered 
at this site, driving shoes (such as Titus Standard ‘H’ Bearing Pile Points) are preferred over flange plates. 

6.4.2 Geotechnical Axial Resistance/Reaction 
For HP 310x110 piles driven to the design tip elevations given above, the factored axial geotechnical resistance 
at ULS may be taken as 1,800 kN.  The axial geotechnical reaction at SLS, for 15 mm of deflection, may be 
taken as 1,600 kN.  The same axial resistances may be used in the design of closed-end, concrete-filled, 
324 mm (12 ¾ in.) diameter steel pipe piles having a minimum wall thickness of 9.5 mm (3/8 in.).  These 
preliminary geotechnical resistances/reactions will have to be re-evaluated and modified, as necessary, during 
detailed design in consideration of any additional subsurface investigation at the foundation elements. 

Pile installation should be in accordance with OPSS.PROV 903 (Deep Foundations).  The drawings should note 
that the piles should be equipped with driving shoes or bearing points and driven to bedrock.  For piles driven to 
refusal on bedrock, it is a generally accepted practice to reduce the hammer energy after abrupt peaking is met 
on the bedrock surface, and to then gradually increase the energy over a series of blows to seat the pile. 

6.5 Caisson Foundations 
6.5.1 Founding Elevation 
Caissons founded on or socketed into the shale bedrock could be considered for support of the abutment 
widening.  For preliminary design purposes, it has been assumed that the abutment pile caps would be 
constructed to match the existing east and west abutment pile caps.  The proposed caisson base elevation for 
widening of the abutments is summarized in the table below, based on a socket length extending approximately 
2 m to 3 m below the bedrock surface. 

Foundation Element Bedrock Surface 
Elevation (m) 

Design Pile 
Tip Elevation 

(m) 

West Abutment  
WBL – North Widening 70.5 68.0 

West Abutment 
Median Widening 71.7 69.0 

West Abutment  
EBL – South Widening 71.5 to 72.7 70.0 

East Abutment  
WBL – North Widening 73.0 to 73.5 71.0 

East Abutment 
Median Widening 73.5 71.0 

East Abutment 
EBL – South Widening 73.5 71.0 
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Due to the presence of strong limestone interbeds within the shale, the sockets may have to be advanced into 
the rock by churn drilling or rock coring.  

If caisson foundations are adopted, a temporary liner and/or drilling slurry will be required to support the 
overburden soils during construction and balance groundwater pressures to minimize disturbance to the side 
walls, and to permit cleaning of the caisson base.  In addition, placement of concrete by tremie methods would 
be required. 

6.5.2 Geotechnical Axial Resistance/Reaction 
The caissons will derive the majority of their capacity from base resistance, although some shaft friction has also 
been taken into account based on “socketting” approximately 1 m into the bedrock.  Using the preliminary design 
elevations given above, the factored axial geotechnical resistance at ULS may be taken as 4,000 kN for a 0.9 m 
diameter caisson and 6,500 kN for a 1.2 m diameter caisson.  The axial geotechnical reaction at SLS (for 25 mm 
of settlement) will be greater than the factored axial resistance at ULS and as such, the SLS condition does not 
apply.   

The preliminary geotechnical resistances/reactions provided above will need to be re-evaluated and modified, as 
necessary, during detailed design in consideration of any additional subsurface investigation at the foundation 
elements. 

6.6 Approach Embankments and Abutment Foreslopes 
The Highway 401 approach embankments are low (generally less than 1 m to 2 m in height) relative to the 
natural ground surface beyond the Duffins Creek valley, and therefore they are not addressed in this foundation 
report.  However, the global stability of the abutment foreslopes is addressed in the following section. 

6.6.1 Global Slope Stability 
Preliminary static slope stability analysis have been completed for the abutment foreslopes, using the 
commercially available program Slide 6.0, from Rocscience, to check that the target minimum factor of safety is 
achieved.  A target minimum factor of safety of 1.3 is normally used in the design of slopes under static 
conditions.  This minimum factor of safety is considered appropriate for the proposed slope widening on this 
project, considering the design requirements and the available field and laboratory testing data. 

The following parameters have been used in the analyses for an overall 7 m high abutment foreslope slope in 
long-term (effective stress) conditions, based on field and laboratory test data as well as accepted correlations 
(Bowles, 1984 and Kulhawy and Mayne, 1990): 

Soil Deposit 
Bulk Unit 
Weight 
(kN/m3) 

Effective 
Friction Angle 

Undrained 
Shear 

Strength (kPa) 

Fill 21 32° - 
Loose to compact silt to sand 21 30° - 
Dense to very dense sand 21 34° - 
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The results of the static global stability analysis indicate that a minimum factor of safety of 1.3 is achieved for 
approximately 7 m high foreslopes in front of the abutments, oriented no steeper than 2H:1V, as shown on 
Figure 1.  This preliminary assessment of the slope stability of the abutment foreslopes should be reviewed and 
confirmed during detailed design. 

Shallow sloughing and surficial erosion could occur on the 2H:1V slope faces, which would be reduced by 
providing well-vegetated slopes. 

6.7 Construction Considerations 
The following sections identify future construction considerations that may impact the future detail design, and 
for which provision may be required in the contract documents produced as part of detail design. 

6.7.1 Open-Cut Excavation and Temporary Protection Systems 
The construction of the pile caps for the abutment widening will require excavations to about 3 m below the 
existing Highway 401 grade, through the existing embankment fill and into the native silt to sand deposit.  The 
existing fill and the upper loose to compact silt to sand are classified as a Type 3 soil, while the native compact 
to very dense silt to sand deposits are classified as Type 2 soils, according to the Occupational Health and 
Safety Act (OHSA).  Where space permits, temporary open-cut excavations above the groundwater level should 
be made with side slopes no steeper than 1H:1V.  All excavations must be carried out in accordance with 
Ontario Regulation 213 (Ontario Occupational Health and Safety Act for Construction Projects) (as amended). 

It is anticipated that due to space constraints, temporary protection systems will be required along the existing 
Highway 401 lanes to facilitate the widening of the abutments.  Temporary protection systems should be 
designed and constructed in accordance with OPSS.PROV 539 (Temporary Protection Systems).  The lateral 
movement of the temporary shoring system should meet Performance Level 2 as specified in OPSS.PROV 539, 
provided that any existing adjacent utilities can tolerate this magnitude of deformation.  The selection and design 
of the protection system will be the responsibility of the Contractor. 

6.7.2 Groundwater Control 
Excavations for the widened abutment pile caps will be maintained above the groundwater level, which is 
anticipated to be at about Elevation 78 m.  Therefore, minimal seepage and groundwater control is anticipated 
for the abutment widening.   

Control of surface water should be maintained at all times and surface water should be directed away from all 
excavations and exposed subgrade soils. 

6.7.3 Obstructions 
The soils at this site are glacially derived and as such should be expected to contain cobbles and boulders, 
which could affect the installation of deep foundations or protection systems.  Further observation is 
recommended in any future investigation at this site, to further assess the presence of cobbles and boulders and 
permit the contractor to assess the impact on foundation construction.   

6.7.4 Vibration Monitoring During Pile Installation 
A maximum peak particle velocity (PPV) of 100 mm/s is generally considered applicable for bridge structures in 
good condition; lower thresholds are applicable for nearby residential and commercial facilities (between 

May 19, 2017 
Report No. 11-1184-0143-2 13 



PRELIMINARY FOUNDATION REPORT 
DUFFINS CREEK BRIDGES, W.O. 10-20011 

25 mm/s and 50 mm/s), and may be applicable for the rail line south of the structure site.   Vibration monitoring is 
recommended during pile driving adjacent to the abutment areas to demonstrate/confirm that vibration levels do 
not exceed the threshold levels. 

6.8 Recommendation for Future Work during Detail Design 
During the detailed design phase, additional borehole investigation work is recommended at the abutment 
widening areas to confirm the foundation recommendations and to determine the current/stabilized groundwater 
level and further assess groundwater control and protection system requirements associated with excavations 
for the abutment widenings. 

As noted throughout this report, the preliminary assessment of founding elevation, geotechnical resistances, and 
global stability analysis should be revisited based on the additional borehole information, geometry and other 
requirements at the detailed design stage. 

7.0 CLOSURE 
This Preliminary Foundation Design Report was prepared by Ms. Nikol Kochmanová, P.Eng.  Ms. Lisa Coyne, 
P.Eng., a Principal and Designated MTO Foundations Contact for Golder, conducted an independent review of 
this report. 

GOLDER ASSOCIATES LTD. 

Nikol Kochmanova, P.Eng. Lisa Coyne, P.Eng. 
Geotechnical Engineer Designated MTO Foundations Contact, Principal 

HS/NK/LCC/sm 

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation. 
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TABLE 1 – COMPARISON OF FEASIBLE FOUNDATION ALTERNATIVES 

 

Foundation 
Option Feasibility Advantages Disadvantages Estimated 

Costs Risk / Consequences 

Spread/strip 
footings 

• Not recommended for 
support of widened 
abutments 

• Very loose to loose soils 
extend as deep as 4.9 m 
and 5.6 m below original 
ground surface at the 
west and east 
abutments, requiring 
significant excavations 
and dewatering; also not 
compatible with existing 
pile-supported integral 
abutments 

• None • Significant excavations 
required to either 
remove very loose to 
loose soils, or extend 
footings below this level; 
would require more 
significant protection 
systems and dewatering 
as compared with 
perched pile caps for a 
deep foundation option 

• Differential settlement 
between existing 
structure and widened 
abutments supported 
on spread footings on 
compact to very dense 
sand 

• Estimated cost is 
approximately  $600/m3 
for construction of 
shallow foundations, 
plus the cost of 
protection systems and 
dewatering at this site 

• This option not 
recommended 

Steel H-piles or 
pipe piles 

• Feasible for support of 
abutments 

• H-piles compatible with 
existing integral 
abutments 

• Conventional 
construction methods 

• Abutment pile caps 
could be maintained 
higher than spread 
footings, reducing depth 
of excavation and 
protection system 
requirements 

• Excavations would be 
maintained above the 
groundwater level at the 
site 

• Steel H-piles allow for 
integral abutment 

• Pre-augering may be 
required due to relatively 
short pile length and 
very dense soils, to 
ensure proper alignment 
of piles and to minimize 
damage to pile tips 

• Potential for 
encountering cobbles 
and/or boulders 

• Estimated cost is 
approximately $250/m 
length for pile installation 
and $600/m3 for pile cap 
construction 

• Minor potential for pile 
damage / deflection if 
cobbles and boulders 
are encountered during 
pile driving 

• Slightly greater risk in 
this regard for pipe piles 
as compared with 
H-piles if boulders are 
encountered during pile 
driving 
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Foundation 
Option Feasibility Advantages Disadvantages Estimated 

Costs Risk / Consequences 

configuration, and pipe 
piles for semi-integral 
abutment configuration 

• Negligible differential 
settlement between 
existing structures and 
widening  

Caissons • Feasible but not 
recommended for 
support of the abutment 
widening, as they are 
less compatible with the 
existing pile-supported 
integral abutments 
 

• Abutment pile caps 
could be maintained 
higher than spread 
footings, reducing depth 
of excavation and 
protection system 
requirements relative to 
spread footings 

• Higher capacity than for 
driven piles, so reduced 
number of deep 
foundation elements 
compared to piles 

• Negligible differential 
settlement between 
existing structures and 
widening 

• Caissons would extend 
below the groundwater 
level at the site into 
water-bearing 
cohesionless soils, with 
potential for loss of 
ground  

• Temporary liners would 
be required, plus special 
measures such as use 
of drilling mud and 
tremie placement of 
concrete; likely not 
possible to inspect 
caisson base 

• Precludes use of 
integral abutments 

• Estimated cost is 
approximately $1,000/m 
length for caisson 
installation and $600/m3 
for pile cap construction; 
the cost may be higher 
to account for temporary 
liners 

• Risk of loss of ground 
during construction of 
caissons through water-
bearing layers, although 
this risk can be mitigated 
with the use of 
temporary liners 
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