
Foundation Investigation and
Design Report
Highway 17
Culvert Replacements and Removal
Townships of Lorne and Nairn
G.W.P. 5182-08-00

McIntosh Perry Consulting Engineers Ltd.

Project No. 122410534
Geocres No. 41I-263

Prepared by:
Stantec Consulting Ltd.
200 – 2781 Lancaster Rd.
Ottawa, ON K1B 1A7

February 2011



FOUNDATION INVESTIGATION AND DESIGN REPORT 

i  

Table of Contents 

1.0 INTRODUCTION ................................................................................................................ 1 

2.0 SITE DESCRIPTION AND GEOLOGY ............................................................................... 1 

3.0 METHOD OF INVESTIGATION.......................................................................................... 4 
3.1 SURVEYING ....................................................................................................................... 4 
3.2 DRILLING INVESTIGATION............................................................................................... 4 
3.3 LABORATORY TESTING ................................................................................................... 9 

4.0 SUBSURFACE CONDITIONS ...........................................................................................10 
4.1 SITE NO. 46-398/C - STATION 18+667 .............................................................................10 

4.1.1 Pavement Structure & Embankment Fill ..............................................................10 
4.1.2 Silt (ML) with Sand ..............................................................................................10 
4.1.3 Silty Sand (SM) ...................................................................................................10 
4.1.4 Poorly-graded Sand (SP) ....................................................................................11 
4.1.5 Bedrock ...............................................................................................................11 
4.1.6 Groundwater .......................................................................................................11 

4.2 SITE NO. 46-397/C - STATION 11+373 .............................................................................11 
4.2.1 Pavement Structure & Embankment Fill ..............................................................12 
4.2.2 Varved Silty Clay (CL to CH) ...............................................................................12 
4.2.3 Bedrock ...............................................................................................................13 
4.2.4 Groundwater .......................................................................................................13 

4.3 SITE NO. 46-395/C - STATION 13+506 .............................................................................13 
4.3.1 Pavement Structure & Embankment Fill ..............................................................13 
4.3.2 Topsoil ................................................................................................................14 
4.3.3 Silty Clay (CI to CH) ............................................................................................14 
4.3.4 Glacial Till............................................................................................................14 
4.3.5 Bedrock ...............................................................................................................15 
4.3.6 Groundwater .......................................................................................................15 

4.4 SITE NO. 46-396/C - STATION 13+631 .............................................................................15 
4.4.1 Pavement Structure & Embankment Fill ..............................................................16 
4.4.2 Clay .....................................................................................................................16 
4.4.3 Bedrock ...............................................................................................................17 
4.4.4 Groundwater .......................................................................................................17 

5.0 CLOSURE .........................................................................................................................18 

6.0 DISCUSSION .....................................................................................................................19 
6.1 GENERAL ..........................................................................................................................19 
6.2 COMMON DESIGN CONSIDERATIONS ...........................................................................19 

6.2.1 Seismic Design Considerations ...........................................................................19 
Liquefaction of Foundation Soils ........................................................................................20 
Seismic Forces on Buried Structures .................................................................................20 
6.2.2 Frost Depth .........................................................................................................21 
6.2.3 Lateral Earth Pressures .......................................................................................22 

7.0 SITE NO. 46-398/C - STATION 18+667, TWP. OF NAIRN ................................................23 



FOUNDATION INVESTIGATION AND DESIGN REPORT 

Table of Contents 

ii  

7.1 PROPOSED WORK ...........................................................................................................23 
7.2 SOIL SUMMARY ...............................................................................................................24 
7.3 STRUCTURE/FOUNDATION OPTIONS ............................................................................24 
7.4 SEISMIC DESIGN CONSIDERATIONS – SOIL PROFILE TYPE .......................................25 
7.5 FOUNDATION RECOMMENDATIONS ..............................................................................25 

7.5.1 Bearing Resistance .............................................................................................25 
7.5.2 Sliding Resistance ...............................................................................................26 

7.6 CONSTRUCTION CONSIDERATIONS .............................................................................26 
7.6.1 Construction Staging ...........................................................................................26 
7.6.2 Excavation and Backfilling ...................................................................................26 
7.6.3 Temporary Protection Systems ...........................................................................27 
7.6.4 Unwatering ..........................................................................................................28 
7.6.5 Erosion and Scour Protection ..............................................................................28 
7.6.6 Cement Type and Corrosion Protection ...............................................................28 

8.0 SITE NO. 46-397/C – STATION 11+373, TWP. OF LORNE ..............................................29 
8.1 PROPOSED WORK ...........................................................................................................29 
8.2 SOIL SUMMARY ...............................................................................................................30 
8.3 STRUCTURE/FOUNDATION OPTIONS ............................................................................30 
8.4 SEISMIC DESIGN CONSIDERATIONS – SOIL PROFILE TYPE .......................................31 
8.5 FOUNDATION RECOMMENDATIONS ..............................................................................31 

8.5.1 Bearing Resistance .............................................................................................31 
8.5.2 Sliding Resistance ...............................................................................................32 

8.6 CONSTRUCTION CONSIDERATIONS .............................................................................32 
8.6.1 Construction Staging ...........................................................................................32 
8.6.2 Excavation and backfilling ...................................................................................32 
8.6.3 Temporary Protection Systems ...........................................................................33 
8.6.4 Unwatering ..........................................................................................................34 
8.6.5 Erosion and Scour Protection ..............................................................................34 
8.6.6 Cement Type and Corrosion Protection ...............................................................34 

9.0 SITE NO. 46-395/C – STATION 13+506, TWP. OF LORNE ..............................................35 
9.1 PROPOSED WORK ...........................................................................................................35 
9.2 SOIL SUMMARY ...............................................................................................................36 
9.3 STRUCTURE/FOUNDATION OPTIONS ............................................................................37 
9.4 SEISMIC DESIGN CONSIDERATIONS- SOIL PROFILE TYPE ........................................37 
9.5 FOUNDATION RECOMMENDATIONS ..............................................................................37 

9.5.1 Bearing Resistance .............................................................................................37 
9.5.2 Sliding Resistance ...............................................................................................38 

9.6 CONSTRUCTION CONSIDERATIONS .............................................................................38 
9.6.1 Construction Staging ...........................................................................................38 
9.6.2 Excavation and backfilling ...................................................................................38 
9.6.3 Temporary Protection Systems ...........................................................................39 
9.6.4 Unwatering ..........................................................................................................40 
9.6.5 Erosion and Scour Protection ..............................................................................40 
9.6.6 Cement Type and Corrosion Protection ...............................................................40 



FOUNDATION INVESTIGATION AND DESIGN REPORT 

Table of Contents 
 

 iii  

 

10.0 SITE NO. 46-396/C – STATION 13+631, TWP. OF LORNE ..............................................41 

10.1 PROPOSED WORK ...........................................................................................................41 

10.2 SOIL SUMMARY ...............................................................................................................42 

10.3 FOUNDATION RECOMMENDATIONS ..............................................................................43 
10.3.1 Settlement ...........................................................................................................43 
10.3.2 Embankment Stability ..........................................................................................44 

10.4 CONSTRUCTION CONSIDERATIONS .............................................................................45 
10.4.1 Construction Staging ...........................................................................................45 
10.4.2 Excavation and backfilling ...................................................................................45 
10.4.3 Temporary Protection Systems ...........................................................................45 
10.4.4 Unwatering ..........................................................................................................46 
10.4.5 Erosion and Scour Protection ..............................................................................46 

11.0 SPECIFICATIONS .............................................................................................................47 

12.0 REFERENCES ..................................................................................................................47 

13.0 CLOSURE .........................................................................................................................49 

 

List of Tables 
 
Table 1.1: Proposed Culvert Work under GWP 5182-08-00 ....................................................... 1 
Table 3.1:  Summary of Drilling Investigation at Site 46-398/C (18+667) .................................... 6 
Table 4.1: Unconfined Compressive Strength of Bedrock .........................................................15 
Table 6.1: Culvert Locations......................................................................................................19 
Table 6.2:  Combined Static and Seismic Earth Pressure Parameters (non-yielding) ................21 
Table 6.3:  Recommended Earth Pressure Parameters ............................................................22 
Table 7.1:  Geotechnical Model .................................................................................................24 
Table 7.2: Foundation Comparison for Replacement Culvert ....................................................25 
Table 7.3: Recommended Box Culvert Design Parameters ......................................................26 
Table 7.4:  Results of Chemical Analysis ..................................................................................28 
Table 8.1:  Geotechnical Model .................................................................................................30 
Table 8.2: Foundation Comparison for Replacement Culvert ....................................................31 
Table 8.3: Recommended Box Culvert Design Parameters ......................................................32 
Table 8.4:  Results of Chemical Analysis ..................................................................................34 
Table 9.1:  Geotechnical Model at Outlet ..................................................................................36 
Table 9.2: Foundation Comparison for Replacement Culvert ....................................................37 
Table 9.3: Recommended Box Culvert Design Parameters ......................................................38 
Table 9.4:  Results of Chemical Analysis ..................................................................................40 
Table 10.1:  Geotechnical Model ...............................................................................................42 
Table 10.2:  Settlement Estimates .............................................................................................44 
Table 11.1:  Specifications Referenced in Report ......................................................................47 

 
 
 
 
 



FOUNDATION INVESTIGATION AND DESIGN REPORT 

Table of Contents 
 

 iv  

 

 
APPENDICES 
 

APPENDIX A  Culvert Location Plan 

     Symbols and Terms Used on Borehole and Test Pit Records 

 

APPENDIX B  Site No. 46-398/C - Station 18+667 

     Site Photographs 

     Borehole Location Plan and Stratigraphic Section 

     Borehole Records 

     Laboratory Test Results 

 

APPENDIX C  Site No. 46-397/C - Station 11+373 

     Site Photographs 

     Borehole Location Plan and Stratigraphic Section 

     Borehole Records 

     Laboratory Test Results 

      

APPENDIX D  Site No. 46-395/C - Station 13+506 

     Site Photographs 

     Borehole Location Plan and Stratigraphic Section 

     Borehole Records 

     Laboratory Test Results 

     Field Core Logs 

     Photos of Rock Cores     

 

APPENDIX E  Site No. 46-396/C - Station 13+631 

     Site Photographs 

     Borehole Location Plan and Stratigraphic Section 

     Borehole Records 

     Laboratory Test Results    

 

APPENDIX F  Temporary Detour Staging Plans 

     GSC Seismic Hazard Calculation Sheet 

     Soil Parameter Design Models 

     Slope Stability Output 

     Comparison of Temporary Protection System Options (Tables F-1 to F-4)  

     Settlement Estimates   

  

 

        



FOUNDATION INVESTIGATION AND DESIGN REPORT 

1  

 

FOUNDATION INVESTIGATION REPORT 

For

G.W.P. 5182-08-00

Culvert Replacements and Removal 
Highway 17

Townships of Lorne and Nairn 

1.0 Introduction 

This Foundation Investigation Report has been prepared specifically and solely in support of the 
detailed design for the replacement of three culverts and removal of one culvert on Highway 17 
in the Townships of Lorne and Nairn, west of Sudbury, Ontario.  

The proposed culvert work is to be carried out under Ministry of Transportation of Ontario (MTO) 
G.W.P. 5182-08-00 and is summarized in Table 1.1, below. 

Table 1.1: Proposed Culvert Work under GWP 5182-08-00

Site No. Name Station Township Proposed Work

46-395/C Blake Creek Culvert #1 13+506 Lorne Replacement
46-396/C Blake Creek Culvert #2 13+631 Lorne Removal
46-397/C Blake Creek Culvert #3 11+373 Lorne Replacement
46-398/C     Unknown Creek Culvert #4 18+667 Nairn Replacement

Stantec Consulting Ltd. was engaged to carry out the Foundation Investigation work as a sub-
consultant by McIntosh Perry Consulting Engineers Ltd., the Prime Consultant for this project.  

2.0 Site Description and Geology 

Site Location

The four culvert sites are located along an approximately six kilometer stretch of Highway 17 
within the Townships of Lorne and Nairn, west of Sudbury, Ontario. The culvert site locations 
are shown on the overall Key Plan, Drawing No. 1 in Appendix A, and on the individual key plan 
inset to Drawings 2 through 5 in Appendices B through E.  

It is noted that for project orientation purposes, Highway 17 is assumed to run east-west with 
chainage increasing from west to east. There is one chainage equation within the project limits 
(20+907.021 Nairn Township = 10+000 Lorne Township).
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General Site Description

Within the project limits, Highway 17 is classified as a two-lane rural arterial undivided highway 
that has a posted speed limit of 90 km/h. 

The existing highway section typically includes two 3.75 m lanes with 3.0 m wide shoulders and
1.0 m shoulder roundings. Passing lanes and turn tapers are also present at some locations.  

Physiographic Description

This section of Highway 17 site is located within the Canadian Shield and is characterized by 
frequent rock knobs and rock ridges. 

Based on geological mapping of the area obtained from Ontario Geological Survey Map 5002, 
Northern Ontario Engineering Geology Terrain Study Espanola, the area of the site is 
characterized by two main deposits identified as glaciofluvial sands and gravels to the west and 
glaciolacustrine silts and sands to the east.  

Based on geological mapping of the area obtained from Geological Atlas Map NL-16/17-G
Geology of Lake Superior - Sudbury, Ontario and Ontario Geological Survey Open File Report 
6243, A Field Guide to the Geology of Sudbury, Ontario, bedrock consists of diamictite from the 
Hough Lake Group of the Ramsay Lake formation. 

Culvert Locations

The existing conditions at the four existing culverts are described as follows: 

Site 46-398/C – 18+667 Nairn

The existing culvert consists of a triple cell, timber box culvert (no footings) with dimensions of 
4.2 m x 1.3 m x 32.0 m. 

At this site, Highway 17 consists of two lanes.  The height of the existing highway embankment 
is approximately 2.0 m.  The embankment side slopes consist of exposed granular base 
material within the upper portion and vegetation within the lower portion.  The existing side 
slopes are approximately 3H:1V. Some erosion was noted on the side slopes. 

The direction of the stream flow is from north to south. The depth of water within the un-named 
creek was shallow (< 500 mm) at the time of the investigation and sand was visible at surface 
within the creek bed. 

Photo B1 in Appendix B shows the general condition of the culvert and the creek on the north 
side of the highway. Photo B2 in Appendix B shows the general condition of the embankment 
and the creek on the south side. Photos B3 and B4 document the erosion observed on site. 
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Site 46-397/C – 11+373 Lorne

The existing culvert consists of a triple cell, timber box culvert (no footings) with dimensions of 
6.3 m x 1.8 m x 26.2 m. The width of the interior cells ranges from 2.1 m to 2.2 m. 

This site is located near the start of a westbound passing lane and the existing Highway 17 
platform supports two driving lanes, a passing lane and shoulders.  The height of the existing 
highway embankment is approximately 1.6 m.  The embankment side slopes consist of exposed 
granular base material within the upper portion and vegetation within the lower portion.  The 
existing side slopes range from approximately 2.5H:1V to 3H:1V. 

Blake Creek flows through the culvert from south to north. The depth of water within the creek 
was approximately 600 mm to 900 mm at the north end and 200 mm to 1.4 m at the south end 
at the time of the investigation.    

Photo C1 in Appendix C shows the general condition of the culvert and the creek on the north 
side of the highway. Photo C2 in Appendix C shows the general condition of the culvert and the 
creek on the south side. 

Site 46-395/C – 13+506 Lorne

The existing culvert consists of a triple cell, timber box culvert (no footing) with dimensions of 
7.3 m x 2.0 m x 32.7 m.  

At this site, Highway 17 consists of two lanes. The height of the existing highway embankment 
is approximately 2.0 m.  The embankment side slopes consist of exposed granular base 
material within the upper portion and grassy vegetation within the lower portion.  The existing 
side slopes range from approximately 2.5H:1V to 3H:1V. 

Blake Creek flows through the culvert from south to north. The depth of water within the creek 
was approximately 750 mm at both ends at the time of the investigation.    

Photo D1 in Appendix D shows the general condition of the culvert and the creek on the north 
side of the highway. Photo D2 in Appendix D shows the general condition of the culvert and the 
creek on the south side, including a rock outcropping. 

Site 46-396/C – 13+631 Lorne

The existing culvert consists of a triple cell, timber box culvert (no footing) with dimensions of 
4.2 m x 1.0 m x 31.6 m.  

At this site, Highway 17 consists of two lanes. The height of the existing highway embankment 
is approximately 3.7 m above the bottom of ditch.  The embankment side slopes consist of 
exposed granular base material within the upper portion and grassy vegetation within the lower 
portion.  The existing side slopes range from approximately 2.5H:1V to 3H:1V. 
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Blake Creek flows through the culvert from north to south. The downstream and upstream 
invert elevations for the existing culvert are 221.83 m and 221.86 m respectively. The depth of 
water within the creek was approximately 400 mm at the south end and 600 mm at the north 
end at the time of the investigation.    

Photo E1 in Appendix E shows the general condition of the culvert and the creek on the north 
side of the highway. Photo E2 in Appendix E shows the general condition of the culvert and the 
creek on the south side. 

3.0 Method of Investigation 

3.1 SURVEYING 

Borehole locations were established in the field by Stantec personnel relative to the existing 
culverts and centerline chainage marked out by the McIntosh Perry survey crew.  

The location (MTM Zone 12 northing and easting) and ground surface elevation at each 
borehole location was surveyed by Stantec personnel with reference to Geodetic Benchmarks 
provided by McIntosh Perry for each culvert location. 

3.2 DRILLING INVESTIGATION

General Details

The field drilling program was carried out between July 5, 2010, and August 5, 2010. 

Prior to carrying out the investigation, Stantec contacted the appropriate public utility authorities 
to clear the borehole locations of both private and public utilities.  

All but one borehole (10-5) were advanced using either a truck-mounted CME 75 or track-
mounted CME 55 drill equipped for soil and bedrock sampling. The CME drilling equipment was 
owned and operated by Abraflex Drilling from Lively, Ontario. Borehole 10-5, located in wet 
ground at the north end of Culvert 46-397/C, was not accessible by a truck or track-mount drill 
and was advanced using portable drilling equipment consisting of a tripod, full-weight hammer 
for advancing the split spoon sampler, and an electric core drill for advancing casing. The 
portable drilling equipment was owned and operated by Landcore Drilling from Chelmsford, 
Ontario. 

The subsurface stratigraphy encountered in each borehole was recorded in the field by an 
experienced Stantec Field Technologist. Split spoon samples were collected at regularly spaced 
intervals ranging from 760 mm to 1500 mm during the course of Standard Penetration Testing 
(SPT). The SPT N values presented herein represent the number of blows required to advance 
the sampler 0.3 m, and have not been corrected.  In-situ shear vane testing was conducted in 
cohesive soil deposits to determine the undrained shear strength of these deposits.  
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Undisturbed samples of soft to firm silty clay were collected at selected locations using Shelby 
tube samplers. 

The depth to groundwater was observed and documented in the open boreholes at the time of 
drilling. Piezometers were not installed as the boreholes were drilled where water was present 
either at or slightly above ground surface. Artesian conditions were not observed in any of the 
boreholes. 

The boreholes were completed in accordance with the Ministry of the Environment Regulation 
903, including backfilling with a combination of auger cuttings and bentonite. For the boreholes 
advanced within the roadway, the surface was reinstated with 150 mm of cold patch asphalt. 
For the boreholes advanced into bedrock the cored hole was sealed with bentonite to 300 mm 
above the soil/bedrock interface. 

All recovered samples were returned to our Ottawa laboratory for detailed classification and 
testing.  

Further details regarding the drilling investigation carried out at each site are provided below. 

Site 46-398/C – 18+667 Nairn

The drilling investigation at this site included three boreholes, located at the inlet, outlet and 
through the existing embankment beside the existing culvert, and one dynamic cone penetration 
test (identified as 10-1B). The locations of the boreholes are shown on the Borehole Location 
Plan in Appendix B. 

A loose sand deposit was encountered at this site.  Below a depth of approximately 6 m, sand 
and water came up inside the augers.  The drilling operation was switched from augering to 
advancing casing using wash-bore techniques.  A dynamic cone penetration test was carried 
out at this site to assess the depth of loose to compact sand since the borehole through the 
existing embankment was still within loose to compact sand at the planned investigation depth 
of 20 m. 
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The investigation at this site is summarized in Table 3.1. 

Table 3.1:  Summary of Drilling Investigation at Site 46-398/C (18+667) 
Boreholes

10-1 10-1B 10-2 10-3

MTM Zone 12 Coordinates
Northing
Easting

5132211.8
259242.6

5132212.2
259243.5

5132217.6
259231.7

5132189.3
259230.1

Station 18+672 18+673 18+665 18+652

Offset 2.2 m Lt 2.2 m Lt 11.0 m Lt 14.0 m Rt

Ground Surface Elevation, m 217.4 217.4 215.4 215.4

Total Depth Drilled, m 19.8 32.6 15.1 15.9

End of Borehole Elevation, m 197.6 184.8 200.3 199.5

Depth Augered/cased, m 19.8 32.6 15.1 15.9

Number of Soil Samples 22 0 15 15

Depth of Dynamic Cone Penetration 
Test, m

0 30.2 0 0

Depth Cored, m 0 0 0 0

Site 46-397/C – 11+373 Lorne

The drilling investigation at this site included three boreholes, located at the inlet, outlet and 
through the existing embankment beside the existing culvert. The locations of the boreholes are 
shown on the Borehole Location Plan in Appendix C. 

Borehole 10-4 was drilled and sampled to a depth of 20.7 m below ground surface and then 
extended by carrying out a dynamic cone penetration test since the borehole was still within soft 
clay at the planned investigation depth of 20 m. 

Thin walled tube samples were collected in Borehole 10-6 due to the presence of firm to soft 
silty clay at this site. 
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The investigation at this site is summarized in Table 3.2. 

Table 3.2:  Summary of Drilling Investigation at Site 46-397/C (11+373) 
Boreholes

10-4 10-5 10-6

MTM Zone 12 Coordinates
Northing
Easting

5132055.1
262535.1

5132068.9
262525.2

5132042.8
262514.9

Station 11+384 11+370 11+369

Offset 2.3 m Lt 12.0 m Lt 16.0 m Rt

Ground Surface Elevation, m 208.1 206.5 206.5

Total Depth Drilled, m 22.2 15.9 15.9

End of Borehole Elevation, m 185.9 190.6 190.7

Depth Augered, m 20.7 15.9 15.9

Number of Soil Samples 14 9 10

Depth of Dynamic Cone Penetration Test, 
m

1.5 0 0

Depth Cored, m 0 0 0

Site 46-395/C – 13+506 Lorne

The drilling investigation at this site included four boreholes (10-7, 10-8, 10-9 and 10-12) and 
one probe hole (10-9B). The locations of the boreholes are shown on the Borehole Location 
Plan in Appendix D. 

Borehole 10-12 was advanced approximately 3.2 m into bedrock by coring with NQ diamond 
wire coring equipment.  
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The investigation at this site is summarized in Table 3.3. 

Table 3.3:  Summary of Drilling Investigation at Site 46-395/C (13+506) 
Boreholes

10-7 10-8 10-9 10-9B 10-12

MTM Zone 12 Coordinates
Northing
Easting

5132548.7
264429.7

5132558.5
264416.1

5132524.3
264428.6

5132536.8
264440.6

5132537.5
264421.6

Station 13+513 13+508 13+498 13+515 13+500

Offset 2.1 m Lt 18.0 m Lt 17.0 m Rt 14.0 m Rt 2.2 m Rt

Ground Surface Elevation, m 225.7 223.6 223.6 223.3 226.0

Total Depth Drilled, m 8.2 8.9 3.5 4.0 6.6

End of Borehole Elevation, m 217.5 214.7 220.1 219.3 219.4

Depth Augered, m 8.2 8.9 3.5 4.0 3.4

Number of Soil Samples 8 8 5 0 4

Depth Cored, m 0 0 0 0 3.2

 Site 46-396/C – 13+631 Lorne

The drilling investigation at this site included two boreholes, located approximately 5 m east and 
west of the existing culvert. The locations of the boreholes are shown on the Borehole Location 
Plan in Appendix E. 

It is noted that auger refusal was encountered within the embankment fill at a depth of 1.8 m in 
Borehole 10-10.  Casing was advanced to penetrate through the boulders.  Borehole 10-11 was 
initially advanced to split spoon refusal at a depth of 2.8 m on July 8, 2010.  Cobbles and/or 
boulders within the fill resulted in bending of the split spoon sampler (see Photo No E3 in 
Appendix E).  When the drill crew attempted to auger past the obstruction, they encountered an 
abrupt refusal that stopped the rotation of the augers, cracked the transmission case and 
sheared the bolts connecting the drill engine to the rig. Drilling was resumed and completed on 
August 4, 2010.  

The boreholes at this site were drilled and sampled to depths of 12.8 m and 11.3 m.  Since the 
boreholes were still within soft to firm silty clay at these depths, the boreholes were further 
advanced using dynamic cone penetration tests to assess the depth of the cohesive deposits.  

The investigation at this site is summarized in Table 3.4. 
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Table 3.4:  Summary of Drilling Investigation at Site 46-396/C (13+631) 
Boreholes

10-10 10-11

MTM Zone 12 Coordinates
Northing
Easting

5132612.1
264520.3

5132616.7
264535.2

Station 13+624 13+639

Offset 2.0 m Lt 2.1 m Rt

Ground Surface Elevation, m 225.7 225.4

Total Depth Drilled, m 22.8 21.2

End of Borehole Elevation, m 202.9 204.1

Depth Augered, m 12.8 11.3

Number of Soil Samples 10 8

Depth of Dynamic Cone Penetration Test, m 10.0 9.9

Depth Cored, m 0 0

3.3 LABORATORY TESTING 

All samples were taken to our Ottawa laboratory where they were subjected to a detailed visual 
examination by a Geotechnical Engineer. Selected soil samples underwent a gradation 
analysis, Atterberg Limit testing of the cohesive material, and moisture content testing. Samples 
of the bedrock underwent unconfined compression testing to determine the strength 
characteristics of the rock.  

Samples remaining after testing will be placed in storage for a period of one year after issuance 
of the final report. After the storage period, the samples will be discarded unless we are directed 
otherwise by the client. 
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4.0 Subsurface Conditions 

An explanation of the symbols and terms used to describe the Borehole Records is provided in 
Appendix A. All elevations referenced in this report are geodetic. 

4.1 SITE NO. 46-398/C - STATION 18+667 

In general, the soil stratigraphy at this site consisted of pavement structure and embankment fill 
over a deep sand layer. The subsurface conditions observed in the boreholes are presented in 
detail on the Borehole Records provided in Appendix B. A stratigraphic cross-section is provided 
in Drawing No. 2 in Appendix B.  

4.1.1 Pavement Structure & Embankment Fill 

Borehole 10-1 was advanced through the westbound driving lane.  Boreholes 10-2 and 10-3
were advanced through the toe of the existing embankment fill on the north and south sides,
respectively. 

The pavement structure was observed to consist of 210 mm of asphalt over granular 
base/subbase over embankment fill. The embankment fill extended down to a depth of 3.9 m
below ground surface (Elev. 213.5 m).  

Gradation analyses on three samples of the embankment fill indicated that it contained 2% to 
8% gravel, 66% to 83% sand and 15% to 26% fines. The results of the gradation analyses are 
provided on Figure No. 1 in Appendix B. The material is a silty sand (SM) in accordance with the 
MTO soil classification system. The moisture content of the samples tested ranged from 6% to
15%, with an average of 11%. 

SPT ‘N’ values ranged from 5 to 30 indicating that the fill varied from a loose to compact state.  

4.1.2 Silt (ML) with Sand 

A brown silt deposit was identified directly beneath the existing fill in Boreholes 10-1 and 10-3. 
The base of this deposit ranged in elevation from 214.6 m to 213.0 m, with an observed 
thickness ranging from 300 to 500 mm. 

Sieve analysis on one sample of the silt material indicated that it contained 3% gravel, 14%
sand and 83% fines. The results of the sieve analysis are provided on Figure No. 2 in Appendix 
B. The material is classified as silt (ML) with sand in accordance with the MTO soil classification 
system. The moisture content of the sample tested was 18%. 

4.1.3 Silty Sand (SM) 

A silty sand deposit was observed below the silt deposit in Borehole 10-1. The thickness of this 
layer was 1.2 m, with a base elevation of 212.1 m.  
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The moisture content of the tested sample was 10%. The results of the sieve analysis indicated 
that this material contained 10% gravel, 47% sand, and 43% fines. The results of the sieve 
analyses are provided on Figure No. 3 in Appendix B. The material is classified as silty sand 
(SM) in accordance with the MTO soil classification system.  

The SPT ‘N’ value within this deposit was 16 indicating a compact state.  

4.1.4 Poorly-graded Sand (SP) 

A deep sand deposit that ranged from grey to brown was identified in all boreholes advanced at 
this site. Boreholes 10-1, 10-2 and 10-3 were terminated within the sand deposit at depths of 
19.8 m, 15.1 m and 15.9 m, respectively.  A dynamic cone penetration test (identified as 
Borehole 10-1B) was advanced to a depth of 32.6 m (elevation 184.8 m).   

Sieve analysis on eleven samples of the sand material indicated that it contained between 0%
and 17% gravel, 72% and 98% sand, and 1% and 11% fines. The results of the sieve analysis 
are provided on Figures No. 4 and 5 in Appendix C. Ten of the eleven samples are classified as 
poorly graded sand (SP) in accordance with the MTO soil classification system. One sample is 
classified as well-graded sand with silt and gravel (SW-SM). 

The SPT ‘N’ values ranged from 2 to 38 with an average of 15, indicating generally a loose to 
compact state.  It is noted that difficulty was encountered balancing the hydrostatic pressure 
inside the borehole during drilling and some disturbance of the sand which would lead to 
artificially low ‘N’ values was noted. The SPT ‘N’ values were typically greater than 20 below 
elevation 200 m, indicating compact to dense conditions.  A distinct increase in resistance was 
also noted in the DCPT in 10-1B below elevation 200 m. 

The moisture content for the samples tested ranged from 15% to 29% with an average of 22%.

4.1.5 Bedrock 

Bedrock was not encountered within the depth of investigation (32.6 m) at this site.  

4.1.6 Groundwater 

Groundwater was measured in the open boreholes at the time of drilling to be 2.7 m below 
ground surface in Boreholes 10-1 and 2.8 m in Borehole 10-3. The groundwater depths 
correspond to elevation 214.7 m and 213.1 m, respectively. The water level in the creek at this 
location was surveyed to be at elevation 214.4 m on June 24, 2010. 

4.2 SITE NO. 46-397/C - STATION 11+373 

In general, the soil stratigraphy at this site consisted of pavement structure and embankment fill 
over a deep clay deposit. The subsurface conditions observed in the boreholes are presented in 
detail on the Borehole Records provided in Appendix C. A stratigraphic cross-section is 
provided in Drawing No. 3 in Appendix C. 
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4.2.1 Pavement Structure & Embankment Fill 

Borehole 10-4 was advanced through the westbound driving lane adjacent to the existing 
culvert. Borehole 10-5 was advanced through the toe of the existing embankment fill on the 
north side. 

The pavement structure was observed to consist of 280 mm of asphalt over granular base over 
a buried asphalt layer (100 mm thick) over granular base/subbase. The embankment fill 
beneath the pavement structure extended down to a depth of 4.1 m below ground surface (Elev. 
204.0 m). The fill in Borehole 10-5 was 0.9 m thick and extended down to elevation 205.6 m. 

The composition of the embankment fill was variable and ranged from silty sand with gravel to 
sandy silty clay with gravel. 

Sieve analysis on two samples of the fill materials indicated that it contained 30% and 25%
gravel, 50% and 61% sand and 20% and 14% fines. The results of the sieve analysis are 
provided on Figure No. 6 in Appendix C. The material is classified as silty sand (SM) with gravel 
in accordance with the MTO soil classification system. The moisture contents of the samples
tested were 4% and 11%.

SPT ‘N’ values ranged from 7 and 84 indicating that the fill varied from a loose to very dense 
state.  

Poor sample recovery (50 mm to 140 mm) was encountered in samples SS4 and SS5. The 
recovered material consisted of sandy silty clay with gravel based on visual classification. Full 
gradation analysis of this layer was not possible due to the minimal sample recovery.  The 
moisture content of the sample tested was 26%. SPT ‘N’ values were 14 and 27 within this 
zone. 

4.2.2 Varved Silty Clay (CL to CH) 

A deposit of varved silty clay was observed below the surficial materials in all boreholes 
advanced at this site. Boreholes 10-5 and 10-6 were terminated within the silty clay deposit at 
depths of 15.9 m below ground surface (elevation 190.6 m and 190.7 m).  The base of the silty 
clay deposit was inferred at elevation 185.9 m in Borehole 10-4 based on refusal to a dynamic 
cone penetration test.  

The silty clay was observed to be varved with alternating layers 3 to 5 mm thick (See Photos C3
and C4 in Appendix C.  The layers could not be cleanly separated to allow for individual 
laboratory testing.  It was noted that some layers felt stiffer and exhibited some dilatency, 
suggesting that these layers have a higher silt content. 

Gradation analyses carried out on seven samples of the silty clay deposit indicated that it 
contained 0% gravel, 0 to 1% sand, 14 to 39% silt size particles and 60 to 86% clay size 
particles. The results of the gradation analyses are provided on Figure No. 7 in Appendix D.  
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The moisture content of the samples tested ranged from 37% to 71% with an average of 58%. 
Results of Atterberg Limit testing indicated Plastic Limits of 16% to 23%, Liquid Limits of 33% to 
64% and Plasticity Indices of 11 to 41. Results of the Atterberg Limit testing are provided on 
Figure No. 8 in Appendix C. The material ranges from low plasticity (CL) to high plasticity (CH) 
in accordance with the MTO soil classification system.  

The consistency of the silty clay was very soft to firm as indicated by the measured in-situ shear 
strength ranging from 11 kPa to 46 kPa with an average of 27 kPa. The sensitivity of the silty 
clay ranged from 2.4 to 10.1 with an average of 4.5. 

4.2.3 Bedrock 

Bedrock was not proven by coring at this site.  The abrupt refusal of the DCPT in Borehole 10-4
may be due to bedrock. 

4.2.4 Groundwater 

Groundwater was measured in the open boreholes at the time of drilling to be 2.6 m below 
ground surface in Borehole 10-4. The groundwater depth corresponds to an elevation of 205.5 
m. The water level in the creek at this location was surveyed to be 205.8 m on June 24, 2010. 

4.3 SITE NO. 46-395/C - STATION 13+506 

In general, the soil stratigraphy at this site consisted of pavement structure and embankment fill 
over silty clay over glacial till over bedrock.  It is noted that the depth to bedrock is highly 
variable. The subsurface conditions observed in the boreholes are presented in detail on the 
Borehole Records provided in Appendix D. A stratigraphic cross-section is provided in Drawing 
No. 4 in Appendix D. Bedrock outcropping was noted on the south side of the highway near the 
culvert inlet. 

4.3.1 Pavement Structure & Embankment Fill 

Boreholes 10-7 and 10-12 were drilled through the west and east bound lanes near the existing 
culvert.  The pavement structure in the east bound lane consisted of 420 mm of asphalt while in 
the west bound lane 220 mm of asphalt was observed over approximately 100 mm of silty sand 
with gravel over a buried asphalt layer (100 mm thick). A sieve analysis on one sample of the 
base material from Borehole 10-12 indicated that it contained 16% gravel, 70% sand, and 14%
fines. The results of the sieve analysis are provided on Figure No. 9 in Appendix D. The material 
is classified as silty sand with gravel (SM) with in accordance with the MTO soil classification 
system. 

The embankment fill beneath the pavement structure extended to depths of 1.9 m and 2.3 m 
below top of pavement in Boreholes 10-12 and 10-7, respectively (elevation 224.1 m and 223.3 
m, respectively). 

Sieve analyses on two samples of the embankment fill material indicate that it contained 53%
and 84% gravel, 13 % and 28% sand, and 2% and 19% fines. The results of the sieve analyses 
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are provided on Figure No. 9 in Appendix D. The material is classified as silty gravel (GM) with 
sand to poorly-graded gravel (GP) in accordance with the MTO soil classification system. It is 
noted that cobbles and boulders were encountered within the embankment fill. The moisture 
contents of the samples tested were 2% and 7%.  

SPT ‘N’ values were from 11 to greater than 50 indicating that the fill varied from a compact to 
very dense state. ‘N’ values greater than 50 are likely attributable to the coarse nature of the 
material.   

4.3.2 Topsoil 

A 900 mm thick layer of silt and sand with organic matter was observed at ground surface in 
Borehole 10-8.  A 120 mm thick layer of topsoil was observed at ground surface in Borehole 10-
9.

4.3.3 Silty Clay (CI to CH) 

A brownish grey to grey silty clay deposit was observed below the surficial materials in all 
boreholes advanced at this site. The thickness of the silty clay deposit ranged from 1.5 m to 8.1 
m.  The base of the silty clay deposit ranged from elevation 222.7 m to 214.7 m.

Gradation analyses carried out on six samples of the silty clay deposit indicated that it contained 
0% gravel, 0 to 14% sand, 17 to 49% silt size particles and 37 to 83% clay size particles. The 
results of the gradation analyses are provided on Figure No. 10 in Appendix D.  

The moisture content of the samples tested ranged from 24% to 61% with an average of 38%. 
Results of Atterberg Limit testing indicated Plastic Limits of 18% to 23%, Liquid Limits of 43% to 
53% and Plasticity Indices of 20 to 30. Results of the Atterberg Limit testing are provided on 
Figure No. 11 in Appendix D. The material ranges from intermediate plasticity (CI) to high 
plasticity (CH) in accordance with the MTO soil classification system.  

The consistency of the silty clay was very soft to firm as indicated by the measured in-situ shear 
strength ranging from 12 kPa to 47 kPa with an average of 21 kPa. The sensitivity of the silty 
clay ranged from 3 to 9 with an average of 5. 

4.3.4 Glacial Till 

A thin glacial till deposit was observed beneath the silty clay in Boreholes 10-7 and 10-9. The 
thickness of the till layer ranged from 300 mm to 1.3 m. The base of the till varied from elevation 
217.5 m to 220.1 m.  

Sieve analyses on two samples of the till material indicated that it contained 20 and 22% gravel, 
24 and 46% sand, and 34% and 54% fines. The results of the sieve analyses are provided on 
Figure No. 12 in Appendix D. The material is classified as silty sand (SM) with gravel in 
accordance with the MTO soil classification system. The moisture content of the samples tested 
were 10% and 14%.  
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An SPT ‘N’ value of 22 was obtained in the only test carried out entirely within the till deposit, 
indicating that the till was generally in a compact state.  

4.3.5 Bedrock 

Bedrock was encountered or inferred at depths of 3.4 m to 8.9 m below existing ground surface. 
The surface of the bedrock varied from elevation 214.7 m to 222.7 m. A bedrock outcropping 
was also noted on the south side of the highway near the culvert inlet (see Photo No. 6). 

Borehole 10-12 was advanced approximately 3 m into bedrock by coring with NQ-size diamond 
coring equipment. The core recovery ranged from 85% to 100% with an average of 90%. The 
rock quality designation (RQD) ranged from 7% to 100% with an average of 58%, indicating 
very poor to excellent quality rock mass. A photograph of the recovered bedrock cores is
provided in Appendix D. 

The recovered rock core consisted of unweathered grey to dark grey granitic igneous bedrock. 
Joint spacing ranged from close to wide with dipping orientation typically 20° to 50° from 
horizontal. Vertical cracking was observed from 3.4 m to 3.9 m. A detailed description of the 
rock cores is provided in the Field Core Log in Appendix D. 

Unconfined compressive strength tests were carried out on two samples of the recovered 
bedrock core. The tests results are presented in Table 4.1. 

Table 4.1: Unconfined Compressive Strength of Bedrock 

Borehole 
No.

Ground Surface 
Elevation (m)

Test Elevation 
(m)

Unconfined 
Compressive 

Strength (MPa)
Rock Strength 
Classification

10-12 226.0 221.9 129 Very Strong
10-12 226.0 219.0 236 Very Strong

4.3.6 Groundwater 

Groundwater measured in the open boreholes at the time of drilling was 4.3 m and 5.3 m below 
ground surface in Boreholes 10-7 and 10-8, respectively. The groundwater depths correspond 
to elevations of 221.4 m and 218.3. The water elevation in the creek at this culvert location was 
surveyed to be 222.8 m on June 23, 2010. 

4.4 SITE NO. 46-396/C - STATION 13+631 

Both boreholes at this site (10-10 and 10-11) were advanced within the existing Highway 17 
driving lanes. In general, the soil stratigraphy at this site consisted of pavement structure over fill 
underlain by a deep clay layer. The subsurface conditions observed in the boreholes are 
presented in detail on the Borehole Records provided in Appendix E. A stratigraphic cross-
section is provided in Drawing No. 5 in Appendix E. 
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4.4.1 Pavement Structure & Embankment Fill 

Boreholes 10-10 and 10-11 were drilled through the existing driving lanes approximately 5 m 
west and east of the existing culvert, respectively. The pavement structure was observed to 
consist of 320 to 350 mm of asphalt over a thin granular base (approximately 100 mm) over a 
buried asphalt layer (110 to 150 mm thick) over a granular base. The bottom of the pavement 
structure was approximately 800 mm to 1.0 m below top of pavement, which corresponds to 
elevation 224.7 m and 224.6 m in Boreholes 10-10 and 10-11, respectively.   

The embankment fill beneath the pavement structure extended down to depths of 2.1 m and 3.1 
m below ground surface in Boreholes 10-10 and 10-11, respectively.  These depths correspond 
to elevations 223.6 m and 222.3 m, respectively. 

Sieve analyses on three samples of the fill materials indicated that it contained between 23%
and 35% gravel, 31% and 56% sand, and 9% to 46% fines. The results of the sieve analysis are 
provided on Figure No. 13 in Appendix E. The material is classified as silty sand with gravel 
(SM) in accordance with the MTO soil classification system. The moisture content of the 
samples tested ranged from 3% to 9%. 

SPT ‘N’ values ranged from 31 to greater than 100, indicating that the fill varied from a dense to 
very dense state. It is noted that frequent cobbles and boulders were encountered during 
drilling. 

The bottom 400 mm of the fill in Borehole 10-11 consisted of sandy clay (between elevation 
222.3 m and 222.7 m).  A gradation analysis indicated that this portion of the fill consisted of 9% 
gravel, 22% sand, 41 % silt and 28% clay.  The results of the sieve analysis are provided on 
Figure No. 14 in Appendix E. The plastic limit was 18 and the liquid limit was 28, which indicated 
that the fines consist of low plasticity clay. The moisture content of the sample tested was 15%.  
The SPT N-value within this zone was 10. 

4.4.2 Clay 

A brownish grey to grey silty clay deposit was observed below the fill in both boreholes 
advanced at this site. Boreholes 10-10 and 10-11 were sampled to depths of 12.8 m and 11.3 
m, respectively.  The silty clay deposit extended to beyond these depths. The base of the silty 
clay was inferred based on increased resistance during dynamic cone penetration tests at 
depths of approximately 22 m and 20.5 m (elevation 204 m and 205.5 m) in Boreholes 10-10
and 10-11, respectively. 

Gradation analyses was carried out on five samples of the silty clay deposit indicated that it 
contained 0% gravel, 0 to 5% sand, 20 to 46% silt size particles and 49 to 79% clay size 
particles. The results of the gradation analyses are provided on Figure No. 15 in Appendix D.  
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The moisture content of the samples tested ranged from 32% to 62% with an average of 49%. 
Results of Atterberg Limit testing indicated Plastic Limits of 18% to 23%, Liquid Limits of 28% to 
55% and Plasticity Indices of 10 to 33. Results of the Atterberg Limit testing are provided on 
Figure No. 16 in Appendix E. The material ranges from low plasticity (CL) to high plasticity (CH) 
in accordance with the MTO soil classification system.  

The consistency of the silty clay was stiff to soft as indicated by the measured in-situ shear 
strength ranging from 63 kPa to 18 kPa. The sensitivity of the silty clay ranged from 
approximately 3 to 7. 

4.4.3 Bedrock 

Bedrock was not proven by coring at this site.  The abrupt refusal of the DCPT in Boreholes 10-
10 and 10-11 may be due to bedrock. 

4.4.4 Groundwater 

Groundwater was measured in the open boreholes at the time of drilling to be 4.3 m below 
ground surface in Borehole 10-11. The groundwater depth corresponds to elevations of 221.1 
m. The water level in the creek at this culvert location was surveyed to be 222.8 m on June 23, 
2010.
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FOUNDATION DESIGN REPORT 
For

G.W.P. 5182-08-00

Culvert Replacements and Removals 
Highway 17 

Townships of Lorne and Nairn 

6.0 Discussion 

6.1 GENERAL 

The scope of work for this assignment identified four, triple cell, timber box culverts whose 
deteriorated conditions necessitated replacement or removal. 

The culvert locations and proposed work are summarized in Table 6.1, below.  Design 
considerations that are based on the project location rather than site specific conditions and are 
therefore common to all four sites are discussed in Sections 6.2.  Site specific design 
considerations and design recommendations are presented in Sections 7 through 10. 

Table 6.1: Culvert Locations 

Site No. Culvert Location Township Proposed Work Report Section

46-398/C   18+667 Nairn Replace Culvert 7
46-397/C 11+375 Lorne Replace Culvert 8
46-395/C 13+506 Lorne Replace Culvert 9
46-396/C 13+631 Lorne Culvert Removal & Backfill 10

6.2 COMMON DESIGN CONSIDERATIONS 

6.2.1 Seismic Design Considerations 

CHBDC Design Parameters 

Table A3.1.1 of the CHBDC indicates that the Zonal Acceleration Ratio (ZAR) for both Sudbury 
and Espanola is 0.05.  A seismic hazard calculation for the site was obtained from the National 
Resources Canada (copy attached in Appendix F).  It indicates that for this site, the peak 
ground acceleration (PGA) value corresponding to a 10% probability of exceedance in 50 years 
is 0.024 which is slightly less than the ZAR for Sudbury and Espanola. 
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Liquefaction of Foundation Soils 

Seismic liquefaction refers to a situation where a sudden loss of stiffness and strength of soil 
occurs due to cyclic loading effects of earthquake.  Liquefaction can cause loss of bearing 
resistance and/or excessive settlement.   

An assessment for seismically induced liquefaction has been carried out for Site No. 46-398/C 
where loose, saturated, poorly-graded sand was identified.  The assessment was carried out 
using the Seed and Idriss simplified method.  The assessment indicates that liquefaction of the 
foundation soils is not a concern at this site due to low peak horizontal acceleration at the site. 

Although the low to intermediate plasticity clay at the other three culverts sites would be 
classified as moderately susceptible to liquefaction based on the criteria proposed by Bray et. 
al. (2004), observations of past performance indicate that liquefaction is not a concern in areas 
with low Zonal Acceleration Ratios, such as this site.  

Seismic Forces on Buried Structures 

The walls of buried structures should be designed to resist earth pressures produced under 
earthquake conditions.  For routine design purposes CHBDC (2006) Clause 4.6.4 recommends 
the use of the combined coefficients of static and seismic earth pressure, referred to as KAE for 
active conditions and KPE for passive conditions. The seismic earth pressures may be calculated 
using the parameters provided in Table 6.2.  

The total active and passive thrusts under earthquake conditions can be calculated using the 
following equations: 

PAE = ½ KAE  H2 (1 - kV) 

PPE = ½ KPE  H2 (1 - kV) 

where: 

KAE = active earth pressure coefficient (combined static and seismic); 

KPE = passive earth pressure coefficient (combined static and seismic); 

H = height of wall; 

kh = horizontal acceleration coefficient; 

kv = vertical acceleration coefficient; and 

= total unit weight. 
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For the site under consideration, the following design parameters were used to develop the 
recommended KAE and KPE values: 

    Description                 Yielding       Non-Yielding

Zonal Acceleration Ratio, A     0.05  0.05 

Horizontal Acceleration Coefficient, kh    0.025  0.075

Vertical Acceleration Coefficient, kv    0.017  0.05 

The back of wall was assumed to be vertical. The angle of friction between the soil and the wall 
has been set to 0° to provide a conservative estimate.  The parameters corresponding to “Non-
Yielding” condition were provided for situations where no lateral movements are allowed such 
as the walls of concrete box culverts. 

The Mononobe-Okabe (M-O) method should be used in calculating the design lateral earth 
pressures (Section C4.6.4 of the Canadian Highway Bridge Design Code). 

Table 6.2:  Combined Static and Seismic Earth Pressure Parameters (non-yielding) 

Parameter OPSS Granular A or Granular 
B Type II OPSS Granular B, Type I or III

Bulk Unit Weight, (kN/m3) 22.8 21.2

Effective Friction Angle, ’ (°) 35 32
Friction Angle between Wall and 
Backfill Soil, (°)

0 0

Active Earth Pressure 
Coefficient, KAE

0.31 0.35

Height of Application of PAE

above Base as Ratio of Wall 
Height (H)

0.358 0.356

Passive Earth Pressure 
Coefficient, KPE

3.54 3.11

Height of Application of PPE

above Base as Ratio of Wall 
Height (H)

0.307 0.306

6.2.2 Frost Depth 

The design frost penetration depth for foundations, f, within the project limits is 2.1 m based on 
OPSD 3090.100.  Spread footings should be provided with 2.1 m of earth cover or equivalent 
insulation for frost protection.  This depth of frost penetration should also be used in the design 
of frost tapers for the culvert backfill. 
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6.2.3 Lateral Earth Pressures 

Earth pressures will need to be considered in the design of the box culverts as well as for 
roadway protection systems. 

The box culvert should be backfilled in accordance with OPSD 803.010.   

Computation of earth pressures should be in accordance with Section 6.9 of the CHBDC.  For 
retaining walls that are designed to allow rotation, active earth pressure may be used for design.  
For rigidly tied and unyielding structures, such as the box culvert, the at-rest earth pressure 
should be used for design.  The unfactored soil parameters provided in Table 7.4 may be used 
for design of walls with a horizontal backfill.  The effects of compaction should be accounted for 
by applying a compaction surcharge as shown in Figure 6.6 of the CHBDC. 

The total active (PA) and passive (PP) thrusts can be calculated using the following equations  

PA = ½ Ka  H2

PP = ½ Kp  H2

Where H is the height of the wall.  Values for Ka, Kp, Ko and  are provided in Table 6.3 below.  
The thrust acts at a point one third up the height of the wall. 

Table 6.3:  Recommended Earth Pressure Parameters 

Parameter
OPSS Gran A 
and Gran B 

Type II

OPSS
Gran B Type I

Existing Road 
Embankment 

Fill
Bulk Unit Weight, (kN/m3) 22.8 21.2 20.0

Effective Friction Angle 35º 32º 30º
Coefficient of Earth Pressure at Rest (Ko) 0.43 0.47 0.5
Coefficient of Active Earth Pressure (Ka) 0.27 0.31 0.33
Coefficient of Passive Earth Pressure (Kp) 3.7 3.2 3.0
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7.0 Site No. 46-398/C - Station 18+667, Twp. Of Nairn 

7.1 PROPOSED WORK 

It is proposed to replace the existing three-cell timber box culvert with a new concrete culvert. 

Performance of Existing Foundations

An inspection of the existing culvert from a geotechnical perspective identified the following 
issues: 

- Erosion of the embankment slopes immediately adjacent to the edges of the culvert on 
the south side (see Photo B4 in Appendix B).

The geotechnical inspection did not reveal any indications of problems associated with bearing 
capacity, settlement or scour of the existing culvert foundations. 

Proposed Structure

It is understood that the proposed culvert will consist of a 4.5 m x 1.75 m x 31.8 m concrete box 
culvert. The new culvert will be located at the same location and along the same alignment 
(21.8° skew) as the existing culvert. 

It is understood that both a pre-cast concrete box and a rigid frame open footing culvert are 
options for this site. 

Key elevations associated with the proposed culvert replacement are as follows: 

Pavement Elevation 217.45 m (approximate near C/L)

Invert Elevation: 213.80 m North End (approx) – inlet 
213.68 m South End (approx) – outlet 

Creek Water Elevation: 214.4 m at time of Foundation Investigation (summer 2010)

Founding Elevation ≥ 213.4 m Pre-cast Concrete Box Culvert 
≥ 212.15 m Cast-in-place Open Footing Culvert 

Construction Staging & Detours

The existing platform width is approximately 15.5 m from shoulder rounding to shoulder 
rounding in the area of the culvert. 

An assessment of the staging options by McIntosh Perry has identified that the work can be 
completed using two stages by providing one 3.5 m wide lane with traffic controlled by 
temporary signals.  This approach will necessitate the use of a temporary protection system to 
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support the open lane of Highway 17 and widening of the pavement surface across the existing 
granular shoulder.  A platform widening is not required.  A copy of the Draft Staging Drawings is 
provided in Appendix F. 

7.2 SOIL SUMMARY 

The subsurface conditions observed at this site are presented in detail on the Borehole Records 
provided in Appendix B. An explanation of the symbols and terms used to describe the Borehole 
Records is provided Appendix A.  

The soil conditions at this site generally consist of fill over a deep sand deposit. 

For design purposes, the following soils profile will be used: 

Table 7.1:  Geotechnical Model 
Elevation (m) Soil Type Design PropertiesFrom To

217.4 214.5 FILL: poorly-graded sand with silt and 
gravel, loose to compact

Total Unit Weight = 20.0 kN/m3

Friction Angle, = 30
214.5 200.0 Poorly-graded Sand (SP),

Very loose to compact
Total Unit Weight = 19.5 kN/m3

Friction Angle, = 29º
E’ = 15 MPa

200.0 185.0 Inferred: Sand, compact to dense Total Unit Weight = 21.0 kN/m3

Friction Angle, = 33º
E’ = 30 MPa

The 2010 creek water elevation of 214.4 m will be used as the design groundwater elevation.  

7.3 STRUCTURE/FOUNDATION OPTIONS 

Both a concrete Rigid Frame Open Footing culvert and a precast concrete box culvert are being 
considered by the design team for replacement of the existing structure.  Both of these 
structures would be founded below groundwater level within the very loose to compact poorly-
graded sand deposit. 
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The following table compares the structure options from a foundations design and 
constructability perspective: 

Although both options are technically feasible, the use of pre-cast concrete box culvert sections 
will allow for a shorter construction period which offers the following benefits: 

 Minimized impacts to traffic. 
 Reduced efforts for flow diversion and excavation unwatering. The volume of water to be 

pumped will be greatly reduced by the shorter construction period. 
 Lower cost 

Based on the advantages presented above, the use of a closed box culvert supported by the 
native soils is the recommended foundation approach.    

7.4 SEISMIC DESIGN CONSIDERATIONS – SOIL PROFILE TYPE 

The site soil is composed of a deep deposit of loose to compact sand.  The depth to bedrock is 
greater than 30 m below existing ground surface.  It is recommended that Soil Profile III as 
defined in Section 4.4.6 of the Canadian Highway Bridge Design Code (CHBDC) be used in the 
seismic design of this site.  

7.5 FOUNDATION RECOMMENDATIONS 

7.5.1 Bearing Resistance 

It is recommended that the new culvert consist of a precast concrete box culvert founded on 
undisturbed native sand or structural fill overlying undisturbed native sand. Based on these 
founding conditions, the geotechnical resistances provided in Table 7.3 may be used for design. 

Table 7.2: Foundation Comparison for Replacement Culvert
Option Advantages Disadvantages Relative 

Cost
Risk/Consequences

Rigid Frame 
Open Footing

� Slower construction 
process

� Deeper excavation 
required

� More extensive (deeper 
and longer duration) 
unwatering required

Medium � increased risk of dewatering 
problems/construction 
delays

Precast 
Concrete Box

� Use of precast sections 
minimizes construction 
period

� Wide bottom increases 
the ultimate bearing 
resistance and 
distributes load over a 
wider area resulting in 
a more conservative 
foundation design. 

Low � If not properly installed,
leakage and loss of backfill 
could occur at 
joints/settlement of roadway 
platform
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Table 7.3: Recommended Box Culvert Design Parameters

Founding Element Founding  Elev. (m) Footing Size
(m x m)

Factored 
Geotechnical 
Resistance at

ULS (kPa)

Geotechnical 
Reaction at SLS 

(kPa)

Box culvert on sand (SP) 213.4 (approximate) 5.15 x 31.8 330 50

In accordance with Section 6.6.1 of the CHBDC, a resistance factor of 0.5 has been applied to 
calculate the factored geotechnical resistance at ULS.   

The geotechnical reaction at SLS corresponds to a maximum settlement of 25 mm. It is noted 
that the proposed replacement has approximately the same dimensions and is on the same 
alignment as the existing culvert, therefore settlement of the underlying soils is not expected to 
be a concern as there is no net increase in loading.

Bedding beneath the culvert should consist of a 75 mm thick uncompacted OPSS Granular A 
leveling course over 200 mm of OPSS Granular A, compacted to at least 95% standard Proctor 
maximum dry density (SPMDD).   

7.5.2 Sliding Resistance 

The unfactored horizontal resistance of spread footings may be calculated using an unfactored
coefficient of friction of 0.35 between OPSS Granular A and the pre-cast concrete. 

7.6 CONSTRUCTION CONSIDERATIONS 

7.6.1 Construction Staging 

The proposed staging concept involves two stage construction as shown on the Draft Staging 
Plans provided in Appendix F.  This option would require the use of temporary roadway 
protection near the centerline of the highway.  Further discussion regarding temporary 
protection systems is provided in Section 7.6.3. 

7.6.2 Excavation and Backfilling 

Excavation and backfill for the new culvert should be carried out in accordance with OPSS 902 
Construction Specification for Excavation and Backfilling – Structures. 

All vegetation, fill, organic soils and other deleterious materials must be removed from beneath 
the proposed box culvert foundation.  Where deleterious materials are encountered, the material 
should be excavated, wasted and replaced.  The lateral extent of such excavation should 
include all deleterious material within the influence zone of the foundations.

Side slopes for open cut excavations should conform to Occupational Health and Safety Act 
regulations for Construction Projects.  The existing highway embankment fill and native sand 
are considered Type 3 soil above the water level.  Above the stream and groundwater level, 
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temporary cut slopes should be no steeper than 1 horizontal to 1 vertical from the base of the 
excavation.  For excavations below stream and/or groundwater levels, the soils should be 
considered as Type 4 soils and slopes no steeper than 3H:1V will be required.  Flatter side 
slopes or supported excavations may be required. 

Grading work for reinstatement of the highway embankment along the existing culvert alignment 
should be carried out in accordance with OPSS-206 Construction Specification for Grading and
SP 206S03 using OPSS Select Subgrade Material. 

7.6.3 Temporary Protection Systems 

Two options for holding back the existing Highway 17 embankment during the staging of the 
culvert replacement were considered – a steel sheet pile (SSP) wall and a soldier pile with 
timber lagging wall.  Due to the limited depth of excavation, cantilevering is likely feasible if a 
steel sheet pile system is used. 

The culvert replacement will necessitate excavation below the waterline.  As such, the type of 
protection system selected will play a significant role in helping to control or limit water inflow 
and in protecting and base instability due to upward seepage. The need for dewatering to allow 
for placement of the protection system must also be considered. Excavation to approximately 1 
m below the creek water level is anticipated.  Sheet piles would need to extend to approximately 
2 m below the base of the excavation to avoid instability due to upward seepage, however, 
deeper penetration may be required to resist lateral earth pressures. 

Table F-1 in Appendix F compares the advantages, disadvantages, relative cost and 
risk/consequences of available roadway protection options considered for the culvert 
replacement. 

Given that the roadway protection system is required to support the roadway during both stages 
of the culvert replacement and the benefits with respect to simplifying dewatering requirements, 
the use of a cantilevered steel sheet pile system is recommended. A boxed approach, fully 
enclosing the work area, is considered most feasible as it provides the most benefit to 
groundwater control. The contractor will ultimately be responsible to develop and implement a 
roadway protection system meeting the requirements of OPSS 539, including establishing 
appropriate geotechnical design parameters. 

Shoring design should meet the requirements of Performance Level 2 as per OPSS 539 and 
should consider traffic loading.  Performance Level 2 specifies a Maximum Angular Distortion of 
1:200 and a Maximum Horizontal Displacement of 25 mm.  Horizontal movement should be 
monitored throughout the culvert replacement process as described in OPSS 539.  The 
monitoring requirements outlined in OPSS 539 are considered to be appropriate for this project. 
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7.6.4 Unwatering 

The underside of the proposed box culvert is approximately 1 m lower than the observed 
groundwater and creek water levels.     

Control of the water flow in the creek will require a cofferdam to prevent stream flow into the 
excavations.  It is anticipated that creek flow will be diverted using pumps to allow construction 
of the replacement culvert. 

The native soils within the anticipated depth of excavation have a high hydraulic conductivity.  
The roadway protection system design needs to consider groundwater control.  Multiple sumps 
within the excavation will likely be required in order to lower the water level below the base of 
the excavation in order to allow for a dry, stable base.  

7.6.5 Erosion and Scour Protection 

Slope protection and drainage measures will be required to ensure the long-term surficial 
stability of the embankment slopes and adjacent stream banks.  All slopes within 3 m of the 
culvert inlet and outlet should be surfaced with rip-rap at least 300 mm thick placed on a Class II 
non-woven filter fabric.  Where embankment construction includes earth fill, normal slope 
vegetation should be established as soon as possible after completion of the embankment fills 
in order to control surficial erosion. 

The contractor should provide silt fences and erosion control blankets, as required, throughout 
the duration of the construction to prevent silt/sediments from running off the site.  

7.6.6 Cement Type and Corrosion Protection 

Two samples of the native soil were submitted to Paracel Laboratories in Ottawa, Ontario, for 
analysis of pH, water soluble sulphate and chloride concentrations, and resistivity.  The testing 
was completed to determine the potential for degradation of the concrete in the presence of 
soluble sulphates and the potential for corrosion of exposed steel used in buried infrastructure.  
The analysis results are summarized in the Table 7.4. 

Table 7.4:  Results of Chemical Analysis 

Borehole Sample No. Depth
(m) pH Chloride

(µg/g)
Sulphate

(µg/g)
Resistivity
(Ohm-m)

10-2 SS3 1.8 7.34 38 5 174
10-3 SS4 2.6 6.95 76 14 111

The concentration of soluble sulphate provides an indication of the degree of sulphate attack 
that is expected for concrete in contact with soil and groundwater at the site.  Soluble sulphate 
concentrations less than 1000 µg/g generally indicate that a low degree of sulphate attack is 
expected for concrete in contact with soil and groundwater.  Both test results are significantly 
below the criteria, Type GU (General Use) Portland Cement should therefore be suitable for use 
in concrete at this site.  
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The pH, resistivity and chloride concentration provide an indication of the degree of 
corrosiveness of the sub-surface environment.  The soil pH was within what is considered the 
normal range for soil pH of 5.5 to 9.0.  The pH levels of the tested soil do not indicate a highly 
corrosive environment, however, the test results should be considered in conjunction with other 
environmental factors such as road deicing practices when selecting coatings and corrosion 
protection systems for buried steel objects. 

8.0 Site No. 46-397/C – Station 11+373, Twp. Of Lorne 

8.1 PROPOSED WORK 

It is proposed to replace the existing three-cell timber box culvert with a new concrete culvert. 

Performance of Existing Foundations

An inspection of the existing culvert from a geotechnical perspective did not reveal any 
indications of current problems associated with slope stability, bearing capacity, settlement or 
scour of the existing culvert foundations. 

It was noted that the asphalt surface was unusually thick (280 mm) and that a buried layer of 
asphalt was identified between a depth of 400 mm and 500 mm below top of pavement.  These 
observations combined with the fact that the site is underlain by approximately 18 m of firm to 
soft clay suggest that the highway embankment in the vicinity of this culvert may have 
undergone significant settlement in the past. The additional lifts of asphalt may have been 
placed to correct the grades after settlement had reached unacceptable levels.  

Proposed Structure

It is understood that the proposed culvert will consist of a 6.0 m x 2.0 m x 28.0 m concrete box 
culvert. The new culvert will be located at approximately the same location as the existing 
culvert.  

It is understood that both a pre-cast concrete box and a rigid frame open footing culvert are 
options for this site. 

Key elevations associated with the proposed culvert replacement are as follows: 

Pavement Elevation 208.03 m (approximate near C/L) 

Invert Elevation: 204.71 m South End (approx) – inlet 
204.85 m North End (approx) – outlet 

Creek Water Elevation: 205.8 m at time of Foundation Investigation (summer 2010)  
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Founding Elevation ≥ 204.4 m Pre-cast Concrete Box Culvert 
≥ 202.7 m Cast-in-place Open Footing Culvert 

Construction Staging & Detours

The existing platform width is approximately 19 m from shoulder rounding to shoulder rounding 
in the area of the culvert and includes two driving lanes, a passing lane and 3 m wide shoulders. 

An assessment of the staging options by McIntosh Perry has identified that the work can be 
completed using two stages by providing one 3.5 m wide lane with traffic controlled by 
temporary signals.  A platform widening is not required.  A copy of the Draft Staging Drawings is 
provided in Appendix F. 

8.2 SOIL SUMMARY 

The subsurface conditions observed at this site are presented in detail on the Borehole Records 
provided in Appendix C. An explanation of the symbols and terms used to describe the Borehole 
Records is provided Appendix A.  

The soil conditions at this site generally consist of fill over a deep deposit of varved silty clay. A
summary plot is provided as Figure F1 in Appendix F. 

For design purposes, the following soils profile will be used: 

Table 8.1:  Geotechnical Model 
Elevation (m) Soil Type Design PropertiesFrom To

208.1 206.1 FILL: silty sand (SM) with gravel,
loose to compact

Total Unit Weight = 20.0 kN/m3

Friction Angle, = 32

206.1 204.0 Varved Silty Clay, firm Total Unit Weight = 17.0 kN/m3

Undrained Shear Strength, Su = 30 kPa

204.0 201.0 Varved Silty Clay, soft Total Unit Weight = 16.0 kN/m3

Undrained Shear Strength, Su =19 kPa

201.0 195.0 Varved Silty Clay, firm Total Unit Weight = 16.5 kN/m3

Undrained Shear Strength, Su = 28 kPa

195.0 185.9 Varved Silty Clay, firm Total Unit Weight = 16.5 kN/m3

Undrained Shear Strength, Su = 35 kPa
185.9 Inferred Bedrock

The 2010 creek water elevation of 205.8 m will be used as the design groundwater elevation.  

8.3 STRUCTURE/FOUNDATION OPTIONS 

Both a concrete Rigid Frame Open Footing culvert and a precast concrete box culvert are being 
considered by the design team for replacement of the existing structure.  Both of these 
structures would be founded within the firm to soft silty clay and at a depth below the 
groundwater level. 
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The following table compares the structure options from a foundations design and 
constructability perspective: 

Due to the low bearing resistance offered by the soft silty clay, the precast concrete box option 
is recommended since the foundation loads are spread over a wider area. This option also has 
a lower cost and shorter construction period which minimizes impacts to traffic. 

8.4 SEISMIC DESIGN CONSIDERATIONS – SOIL PROFILE TYPE 

The site soil is composed of a deep deposit of soft to firm silty clay.  The depth to bedrock is 
inferred to be approximately 22 m below existing ground surface.  It is recommended that Soil 
Profile III as defined in Section 4.4.6 of the Canadian Highway Bridge Design Code (CHBDC) 
be used in the seismic design of this site. 

8.5 FOUNDATION RECOMMENDATIONS 

8.5.1 Bearing Resistance 

It is recommended that the new culvert consist of a precast concrete box culvert founded on 
undisturbed native soil or structural fill overlying undisturbed native soil. Based on these 
founding conditions, the geotechnical resistances provided in Table 8.3 may be used for design. 

Table 8.2: Foundation Comparison for Replacement Culvert
Option Advantages Disadvantages Relative 

Cost
Risk/Consequences

Rigid Frame 
Open Footing

� Slower construction 
process

� Deeper excavation 
required

� More extensive (deeper 
and longer duration) 
unwatering required

� Low ULS bearing 
resistance

Medium � increased risk of dewatering 
problems/construction 
delays

Precast 
Concrete Box

� Use of precast sections 
minimizes construction 
period

� Wide bottom increases 
the ultimate bearing 
resistance and 
distributes load over a 
wider area resulting in 
a more conservative 
foundation design. 

Low � If not properly installed,
leakage and loss of backfill 
could occur at 
joints/settlement of roadway 
platform
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Table 8.3: Recommended Box Culvert Design Parameters

Founding Element Founding  Elev. (m) Footing Size
(m x m)

Factored 
Geotechnical 
Resistance at 

ULS (kPa)

Geotechnical 
Reaction at SLS 

(kPa)

Box culvert on clay 204.5 (approximate) 6.5 x 28.0 70 N/A

In accordance with Section 6.6.1 of the CHBDC, a resistance factor of 0.5 has been applied to 
calculate the factored geotechnical resistance at ULS.  The low bearing resistance at ULS 
reflects the presence of the weak clay zone at a shallow depth below the founding elevation. 

The geotechnical reaction at SLS is identified as non applicable (N/A).  It is noted that the 
proposed replacement has approximately the same dimensions and is on nearly the same 
alignment as the existing culvert, therefore settlement of the underlying soils is not expected to 
be a concern as there is no net increase in anticipated load.  

Bedding beneath the culvert should consist of a 75 mm thick uncompacted OPSS Granular A 
leveling course over a pad of OPSS Granular A, compacted to at least 95% standard Proctor 
maximum dry density (SPMDD).  Given the consistency of the underlying clay, the pad should 
be 0.5 m thick (one lift) placed on a nonwoven geotextile (Type II, FOS of 50 to 150 µm). 

8.5.2 Sliding Resistance 

The unfactored horizontal resistance of spread footings may be calculated using an unfactored
coefficient of friction of 0.35 between OPSS Granular A and the pre-cast concrete. 

8.6 CONSTRUCTION CONSIDERATIONS 

8.6.1 Construction Staging 

The proposed staging concept involves two stage construction as shown on the Draft Staging 
Plans provided in Appendix F.  The existing roadway platform is 19 m in width at this location.  
The depth of the proposed excavation is approximately 4 m to the underside of the Granular A 
pad.  We have carried out slope stability analysis with the soil parameters provided in Table 8.1. 

Traffic loads have been modeled using a 17.6 kN surcharge.  The results of the analysis (Figure 
F3 in Appendix F) indicate that the temporary excavation for the culvert replacement is not 
stable with a 1H:1V side slope and traffic loads 1 m away from the crest of the slope.  There is 
insufficient room on the existing roadway platform to incorporate a flatter side slope, therefore 
the excavation will require temporary roadway protection. Please refer to Section 8.6.3 below. 

8.6.2 Excavation and backfilling 

Excavation and backfill for the new culvert should be carried out in accordance with OPSS 902 
Construction Specification for Excavation and Backfilling – Structures. 

All vegetation, fill, organic soils and other deleterious materials must be removed from beneath
the proposed box culvert foundation.  Where deleterious materials are encountered, the material 
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should be excavated, wasted and replaced.  The lateral extent of such excavation should 
include all deleterious material within the influence zone of the foundations.

Side slopes for open cut excavations should conform to Occupational Health and Safety Act 
regulations for Construction Projects.  The existing highway embankment fill is considered Type 
3 soil above the water level.  Above the stream and groundwater level, temporary cut slopes 
should be no steeper than 1 horizontal to 1 vertical from the base of the excavation.  For 
excavations below stream and/or groundwater levels, the soils should be considered as Type 4 
soils and slopes no steeper than 3H:1V will be required.  Flatter side slopes or supported 
excavations may be required. 

Grading work for reinstatement of the highway embankment along the existing culvert alignment 
should be carried out in accordance with OPSS-206 Construction Specification for Grading and 
SP 206S03 using OPSS Select Subgrade Material. 

Reinstatement of the roadway embankment should include side slopes no steeper than 
2.5H:1V.   

8.6.3 Temporary Protection Systems 

Two options for holding back the existing Highway 17 embankment during the staging of the 
culvert replacement were considered – a steel sheet pile (SSP) wall and a soldier pile with 
timber lagging wall.  Due to the limited depth of excavation, cantilevering is likely feasible if a 
steel sheet pile system is used. 

Table F-2 in Appendix F compares the advantages, disadvantages, relative cost and 
risk/consequences of available roadway protection options considered for the culvert 
replacement.

Given that the roadway protection system is required to support the roadway during both stages 
of the culvert replacement, the use of a cantilevered steel sheet pile system is recommended.  
The contractor will ultimately be responsible to develop and implement a roadway protection 
system meeting the requirements of OPSS 539, including establishing appropriate geotechnical 
design parameters. 

The roadway protection system, parallel to the centerline of the highway, will need to extend 
approximately 12 to 15 m to each side of the culvert. 

Shoring design should meet the requirements of Performance Level 2 as per OPSS 539 and 
should consider traffic loading.  Performance Level 2 specifies a Maximum Angular Distortion of 
1:200 and a Maximum Horizontal Displacement of 25 mm.  Pile and raker spacing must be 
designed not to exceed these limits.  Horizontal movement should be monitored throughout the 
culvert replacement process as described in OPSS 539.  The monitoring requirements outlined 
in OPSS 539 are considered to be appropriate for this project. 



FOUNDATION INVESTIGATION AND DESIGN REPORT 
February 2011 

34  

 

8.6.4 Unwatering 

The underside of the proposed box culvert is approximately 1.5 m lower than the observed 
groundwater and creek water levels.     

Control of the water flow in the creek will require a cofferdam to prevent stream flow into the 
excavations.  It is anticipated that flow will be diverted using pumps to allow construction of the 
replacement culvert. 

The native soils within the anticipated depth of excavation have a low hydraulic conductivity.  
Pumping from sumps within the excavation should be sufficient to unwater the excavation.   

8.6.5 Erosion and Scour Protection 

Slope protection and drainage measures will be required to ensure the long-term surficial 
stability of the embankment slopes and adjacent stream banks.  All slopes within 3 m of the 
culvert inlet and outlet should be surfaced with rip-rap at least 300 mm thick placed on a Class II 
non-woven filter fabric.  Where embankment construction includes earth fill, normal slope 
vegetation should be established as soon as possible after completion of the embankment fills 
in order to control surficial erosion. 

The contractor should provide silt fences and erosion control blankets, as required, throughout 
the duration of the construction to prevent silt/sediments from running off the site.  

8.6.6 Cement Type and Corrosion Protection 

Two samples of the native soil were submitted to Paracel Laboratories in Ottawa, Ontario for 
analysis of pH, water soluble sulphate and chloride concentrations, and resistivity.  The testing 
was completed to determine the potential for degradation of the concrete in the presence of 
soluble sulphates and the potential for corrosion of exposed steel used in buried infrastructure.  
The analysis results are summarized in the Table 8.4. 

Table 8.4:  Results of Chemical Analysis 

Borehole Sample No. Depth
(m) pH Chloride

(µg/g)
Sulphate

(µg/g)
Resistivity
(Ohm-m)

10-4 SS7 4.2 7.52 1620 46 8.21
10-5 SS2 1.2 7.13 1300 188 5.45

The concentration of soluble sulphate provides an indication of the degree of sulphate attack 
that is expected for concrete in contact with soil and groundwater at the site.  Soluble sulphate 
concentrations less than 1000 µg/g generally indicate that a low degree of sulphate attack is 
expected for concrete in contact with soil and groundwater.  Both test results are significantly 
below that criteria, Type GU (General Use) Portland Cement should therefore be suitable for 
use in concrete at this site.  

The pH, resistivity and chloride concentration provide an indication of the degree of 
corrosiveness of the sub-surface environment.  The soil pH was within what is considered the 
normal range for soil pH of 5.5 to 9.0, however, the resistivity is relatively low and the soluble 
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chloride levels are relatively high, suggesting a potentially corrosive environment.  The test 
results should be considered in conjunction with other environmental factors such as road 
deicing practices when selecting coatings and corrosion protection systems for buried steel 
objects. 

9.0 Site No. 46-395/C – Station 13+506, Twp. Of Lorne 

9.1 PROPOSED WORK 

It is proposed to replace the existing three-cell timber box culvert with a new concrete culvert. 

Performance of Existing Foundations

An inspection of the existing culvert from a geotechnical perspective did not reveal any 
indications of current problems associated with slope stability, bearing capacity, settlement or 
scour of the existing culvert foundations. 

It was noted that the asphalt surface was unusually thick (220 to 420 mm) and that a buried 
layer of asphalt was identified between a depth of 400 mm and 500 mm below top of pavement 
in one borehole.  These observations combined with the fact that the site is underlain by firm to 
soft clay suggest that the highway embankment in the vicinity of this culvert may have 
undergone settlement in the past. The additional lifts of asphalt may have been placed to 
correct the grades after settlement had reached unacceptable levels.  

Proposed Structure

It is understood that the proposed culvert will consist of a 6.0 m x 2.5 m x 33.25 m concrete box 
culvert. The new culvert will be located at the same location and along the same alignment 
(27.1° skew) as the existing culvert. 

It is understood that both a pre-cast concrete box and a rigid frame open footing culvert are 
options for this site. 

Key elevations associated with the proposed culvert replacement are as follows: 

Pavement Elevation 225.84 m (approximate near C/L) 

Invert Elevation: 221.52 m South End (approx)  
221.52 m North End (approx)  

Creek Water Elevation: 222.8 m at time of Foundation Investigation (summer 2010)  

Founding Elevation ≥ 221.1 m Pre-cast Concrete Box Culvert 
≥ 219.8 m Cast-in-place Open Footing Culvert 
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Construction Staging & Detours

The existing platform width is approximately 15.5 m from shoulder rounding to shoulder 
rounding in the area of the culvert. 

An assessment of the staging options by McIntosh Perry has identified that the work can be 
completed using two stages by providing one 3.5 m wide lane with traffic controlled by 
temporary signals.  This approach will necessitate the use of a temporary protection system to 
support the open lane of Highway 17 and widening of the pavement surface across the existing 
granular shoulders.  A platform widening is not required.  A copy of the Draft Staging Drawings 
is provided in Appendix F. 

It is noted that this staging would be carried out in conjunction with the proposed culvert removal 
at 13+631 (Site 46-396/C).   

9.2 SOIL SUMMARY 

The subsurface conditions observed at this site are presented in detail on the Borehole Records 
provided in Appendix D. An explanation of the symbols and terms used to describe the Borehole 
Records is provided Appendix A.  

The soil conditions beneath the culvert alignment are highly variable and include over 7 m of 
soft to firm silty clay beneath the outlet and bedrock above the invert elevation within the 
eastbound driving lane. 

The geotechnical design (bearing resistance and total settlement) will be governed by the 
weaker soil profile (soft clay) beneath the outlet.   

For design purposes, the following soils profile will be used to assess bearing resistance and 
settlement at the north end of the culvert (outlet): 

Table 9.1:  Geotechnical Model at Outlet 
Elevation (m) Soil Type Design PropertiesFrom To

223.6 222.8 Silt and sand with organic matter N/A

222.8 221.5 Silty clay, firm Total Unit Weight = 17.0 kN/m3

Undrained Shear Strength, Su = 50 kPa

221.5 214.7 Silty clay, soft Total Unit Weight = 16.0 kN/m3

Undrained Shear Strength, Su =18 kPa
214.7 Inferred Bedrock Treated as unyielding surface

The 2010 creek water elevation of 222.8 m will be used as the design groundwater elevation.  
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9.3 STRUCTURE/FOUNDATION OPTIONS 

Both a concrete Rigid Frame Open Footing culvert and a precast concrete box culvert are being 
considered by the design team for replacement of the existing structure.   

The following table compares the structure options from a foundations design and 
constructability perspective: 

Although both options are technically feasible, the use of pre-cast concrete box culvert sections 
is better suited to minimizing potential differential settlement associated with the variable ground 
conditions, is less expensive and requires a shorter construction period which limits impacts to 
traffic. Therefore, the use of a closed box culvert supported by the native soil and rock is the 
recommended foundation approach.    

9.4 SEISMIC DESIGN CONSIDERATIONS- SOIL PROFILE TYPE 

The soil profile varies significantly beneath the proposed culvert alignment.  The critical soil 
profile with respect to seismic design is the soft to firm silty clay deposit beneath the north end.  
It is recommended that Soil Profile III as defined in Section 4.4.6 of the Canadian Highway 
Bridge Design Code (CHBDC) be used in the seismic design of this site. 

9.5 FOUNDATION RECOMMENDATIONS 

9.5.1 Bearing Resistance 

It is recommended that the new culvert consist of a precast concrete box culvert founded on 
undisturbed native soil or rock or structural fill overlying undisturbed native soil or rock. Based 
on these founding conditions, the geotechnical resistances provided in Table 9.3 may be used 
for design. 

Table 9.2: Foundation Comparison for Replacement Culvert
Option Advantages Disadvantages Relative 

Cost
Risk/Consequences

Rigid Frame 
Open Footing

� Slower construction 
process

� Deeper excavation 
required

� More extensive (deeper 
and longer duration) 
unwatering required

Medium � increased risk of dewatering 
problems/construction 
delays

� increased risk of bedrock 
excavation/construction 
delays

Precast 
Concrete Box

� Use of precast sections 
minimizes construction 
period

� Wide bottom increases 
the ultimate bearing 
resistance and 
distributes load over a 
wider area, thereby 
reducing settlement.

Low � If not properly installed,
leakage and loss of backfill 
could occur at 
joints/settlement of roadway 
platform
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Table 9.3: Recommended Box Culvert Design Parameters

Founding Element Founding  Elev. (m) Footing Size
(m x m)

Factored 
Geotechnical 
Resistance at 

ULS (kPa)

Geotechnical 
Reaction at SLS 

(kPa)

Box culvert on silty clay 221.1 (approximate) 6.8 x 33.25 55 N/A

In accordance with Section 6.6.1 of the CHBDC, a resistance factor of 0.5 has been applied to 
calculate the factored geotechnical resistance at ULS.  The low bearing resistance at ULS 
reflects the presence of the weak clay zone at a shallow depth below the founding elevation. 

The geotechnical reaction at SLS is identified as non applicable (N/A). It is noted that the 
proposed replacement has approximately the same dimensions and is on the same alignment 
as the existing culvert, therefore, settlement of the underlying soils is not expected to be a 
concern as there is no net increase in anticipated load. 

Bedding beneath the culvert should consist of a 75 mm thick uncompacted OPSS Granular A
leveling course over 200 mm of OPSS Granular A, compacted to at least 95% standard Proctor 
maximum dry density (SPMDD).  The leveling course in the northern two thirds of the culvert 
should be increased to a single 500 mm thick lift of OPSS Granular A, place on a non-woven 
geotextile (type II, FOS 50-150 µm). 

9.5.2 Sliding Resistance 

The unfactored horizontal resistance of spread footings may be calculated using an unfactored
coefficients of friction of 0.35 between OPSS Granular A and the pre-cast concrete. 

9.6 CONSTRUCTION CONSIDERATIONS 

9.6.1 Construction Staging 

The proposed staging concept involves two stage construction as shown on the Draft Staging 
Plans provided in Appendix F.  This option would require the use of temporary roadway 
protection near the centerline of the highway.  Further discussion regarding temporary 
protection systems is provided in Section 9.6.3. 

9.6.2 Excavation and backfilling 

Excavation and backfill for the new culvert should be carried out in accordance with OPSS 902 
Construction Specification for Excavation and Backfilling – Structures. 

All vegetation, fill, organic soils and other deleterious materials must be removed from beneath 
the proposed box culvert foundation.  Where deleterious materials are encountered, the material 
should be excavated, wasted and replaced.  The lateral extent of such excavation should 
include all deleterious material within the influence zone of the foundations.
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Side slopes for open cut excavations should conform to Occupational Health and Safety Act 
regulations for Construction Projects.  The existing highway embankment fill are considered 
Type 3 soil above the water level.  Above the stream and groundwater level, temporary cut 
slopes should be no steeper than 1 horizontal to 1 vertical from the base of the excavation. For 
excavations below stream and/or groundwater levels, the soils should be considered as Type 4 
soils and slopes no steeper than 3H:1V will be required.  Flatter side slopes or supported 
excavations may be required. 

The bedrock observed in Borehole 10-12 would likely require blasting for excavation. 

Grading work for reinstatement of the highway embankment along the existing culvert alignment 
should be carried out in accordance with OPSS-206 Construction Specification for Grading and
SP 206S03 using OPSS Select Subgrade Material. 

Reinstatement of the roadway embankment should include side slopes no steeper than 
2.5H:1V. 

9.6.3 Temporary Protection Systems 

Two options for holding back the existing Highway 17 embankment during the staging of the 
culvert replacement were considered – a steel sheet pile (SSP) wall and a soldier pile with 
timber lagging wall.  Due to the presence of shallow bedrock beneath the southern half of the 
alignment, cantilevering is likely not feasible if a steel sheet pile system is used. 

Table F-3 in Appendix F compares the advantages, disadvantages, relative cost and 
risk/consequences of available roadway protection options considered for the culvert 
replacement.

Given that the roadway protection system is required to support the roadway during both stages 
of the culvert replacement, and the variability in the depth to bedrock, H-piles with timber 
lagging and rakers are likely the most suitable protection system for this site. The contractor will 
ultimately be responsible to develop and implement a roadway protection system meeting the 
requirements of OPSS 539, including establishing appropriate geotechnical design parameters. 

The roadway protection system, parallel to the centerline of the highway, will need to extend 
approximately 15 m to each side of the culvert. 

Shoring design should meet the requirements of Performance Level 2 as per OPSS 539 and 
should consider traffic loading.  Performance Level 2 specifies a Maximum Angular Distortion of 
1:200 and a Maximum Horizontal Displacement of 25 mm.  Pile and raker spacing must be 
designed not to exceed these limits.  Horizontal movement should be monitored throughout the 
culvert replacement process as described in OPSS 539.  The monitoring requirements outlined 
in OPSS 539 are considered to be appropriate for this project. 

Note that shoring design must include consideration of the blasting vibrations for bedrock 
excavation. 



FOUNDATION INVESTIGATION AND DESIGN REPORT 
February 2011 

40  

 

9.6.4 Unwatering 

The underside of the proposed box culvert is approximately 1.2 m lower than the observed 
groundwater and creek water levels.     

Control of the water flow in the creek will require a cofferdam to prevent stream flow into the 
excavations.  It is anticipated that creek flow will be diverted using pumps to allow construction 
of the replacement culvert. 

The native soils within the anticipated depth of excavation generally have a low to moderate 
hydraulic conductivity.  The use of conventional pumps within sumps within the excavation is 
likely suitable for the excavation unwatering.  It is noted that higher inflow volumes may be 
encountered if fractured bedrock is exposed. 

9.6.5 Erosion and Scour Protection 

Slope protection and drainage measures will be required to ensure the long-term surficial 
stability of the embankment slopes and adjacent stream banks.  All slopes within 3 m of the 
culvert inlet and outlet should be surfaced with rip-rap at least 300 mm thick placed on a Class II 
non-woven filter fabric.  Where embankment construction includes earth fill, normal slope 
vegetation should be established as soon as possible after completion of the embankment fills 
in order to control surficial erosion. 

The contractor should provide silt fences and erosion control blankets, as required, throughout 
the duration of the construction to prevent silt/sediments from running off the site.  

9.6.6 Cement Type and Corrosion Protection 

Two samples of the native soil were submitted to Paracel Laboratories in Ottawa, Ontario for 
analysis of pH, water soluble sulphate and chloride concentrations, and resistivity.  The testing 
was completed to determine the potential for degradation of the concrete in the presence of 
soluble sulphates and the potential for corrosion of exposed steel used in buried infrastructure.  
The analysis results are summarized in the Table 9.4. 

Table 9.4:  Results of Chemical Analysis 

Borehole Sample No. Depth
(m) pH Chloride

(µg/g)
Sulphate

(µg/g)
Resistivity
(Ohm-m)

10-8 SS6 5.6 8.00 172 20 29.6
10-9 SS3 1.4 7.33 8 15 142

The concentration of soluble sulphate provides an indication of the degree of sulphate attack 
that is expected for concrete in contact with soil and groundwater at the site.  Soluble sulphate 
concentrations less than 1000 µg/g generally indicate that a low degree of sulphate attack is 
expected for concrete in contact with soil and groundwater.  Both test results are significantly 
below the criteria, Type GU (General Use) Portland Cement should therefore be suitable for use 
in concrete at this site.  
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The pH, resistivity and chloride concentration provide an indication of the degree of 
corrosiveness of the sub-surface environment.  The soil pH was within what is considered the 
normal range for soil pH of 5.5 to 9.0.  The pH levels of the tested soil do not indicate a highly 
corrosive environment, however, the test results should be considered in conjunction with other 
environmental factors such as road deicing practices when selecting coatings and corrosion 
protection systems for buried steel objects. 

10.0 Site No. 46-396/C – Station 13+631, Twp. Of Lorne 

10.1 PROPOSED WORK 

It is proposed to remove the existing three-cell timber box culvert and to permanently backfill the 
space and reinstate the highway embankment and pavement structure. 

The proposed removal and backfilling will require excavation down to approximately elevation 
221.8 m (3.9 m below top of pavement). 

Key elevations associated with the proposed culvert removal are as follows: 

Pavement Elevation 225.4 m (approximate near C/L) 

Invert Elevation: 221.86 m North End (approx) – inlet 
221.83 m South End (approx) – outlet 

Creek Water Elevation: 222.8 m at time of Foundation Investigation (summer 2010) 

Performance of Existing Foundations

An inspection of the existing culvert from a geotechnical perspective did not reveal any 
indications of current problems associated with slope stability, bearing capacity, settlement or 
scour of the existing culvert foundations. 

It was noted that the asphalt surface was unusually thick (320 to 350 mm) and that a buried 
layer of asphalt was identified between a depth of approximately 500 mm and 600 mm below 
top of pavement in both boreholes.  These observations combined with the fact that the site is 
underlain by firm to soft clay suggest that the highway embankment in the vicinity of this culvert 
has undergone settlement in the past. The additional lifts of asphalt may have been placed to 
correct the grades after settlement had reached unacceptable levels.  

Construction Staging & Detours

It is proposed to carry out the culvert removal and backfilling at this site in conjunction with the 
culvert replacement at Site 46-395/C, which is located approximately 125 m further west. 
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The existing platform width is approximately 17.5 m from shoulder rounding to shoulder 
rounding in the area of the culvert.  An assessment of the staging options by McIntosh Perry 
has identified that the work can be completed using two stages by providing one 3.5 m wide 
lane with traffic controlled by temporary signals.  This approach will necessitate the use of a 
temporary protection system to support the open lane of Highway 17 and widening of the 
pavement surface across the existing granular shoulder.  A platform widening is not required.  A 
copy of the Draft Staging Drawings is provided in Appendix F. 

10.2 SOIL SUMMARY 

The subsurface conditions observed at this site are presented in detail on the Borehole Records 
provided in Appendix E.  An explanation of the symbols and terms used to describe the 
Borehole Records is provided Appendix A.  

The soil conditions at this site generally consist of fill over a deep silty clay deposit. A summary 
plot is provided as Figure F-2 in Appendix F. 

For design purposes, the following soils profile will be used: 

Table 10.1:  Geotechnical Model  
Elevation (m) Soil Type Design PropertiesFrom To

225.7 223.6 FILL: silty sand with gravel, cobbles 
and boulders

Total Unit Weight = 20.5 kN/m3

Friction Angle, = 32º

223.6 220.5 Silty clay, firm

Total Unit Weight = 17.0 kN/m3

Undrained Shear Strength, Su = 50 kPa
Cc=0.356
Cr=0.1
Cα=0.014
eo=1.38

220.5 218.0 Silty clay, soft

Total Unit Weight = 16.0 kN/m3

Undrained Shear Strength, Su = 21 kPa
Cc=0.544
Cr=0.1
Cα=0.022
eo=1.788

218.0 202.9 Silty clay, firm

Total Unit Weight = 16.5 kN/m3

Undrained Shear Strength, Su = 35 kPa
Cc=0.427
Cr=0.1
Cα=0.017
eo=1.54

202.9 Inferred Bedrock Treated as unyielding surface

The 2010 creek water elevation of 222.8 m will be used as the design groundwater elevation.  
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The preconsolidation pressure in the silty clay has been estimated based on correlations with 
plasticity index and undrained shear strength.  It is concluded that the silty clay can be 
considered to be normally consolidated.  The time dependent deformation parameters were 
estimated using the following approaches: 

 Cc = CR • (1+eo) 

Where the compression ratio (CR) is defined as CR = 0.12 ln (wn) – 0.28 (Lambe and 
Whitman, 1969) 

 Cr = 20% of Cc 

Representing a conservative estimate according to the FHWA manual “Evaluation of Soil 
and Rock Properties”

Cα=0.04 Cc (Mesri, 1994)

10.3 FOUNDATION RECOMMENDATIONS 

10.3.1 Settlement  

The existing timber cell box culvert has an opening height of 1.0 m and a total height of 1.5 m.  
This 1.5 m height of wood and open space will be replaced with compacted granular fill 
(assumed unit weight of 20.5 kN/m3).   

The observed water level was near the top of the culvert opening (see Photo No. E1 in 
Appendix E). Most of the new fill material will be placed below the water level, minimizing the 
increase in effective stress on the underlying clay.  In addition, the top of the clay was 
encountered at elevation 223.6 m and 222.3 m in Boreholes 10-10 and 10-11, respectively, both 
of which are higher than the bottom of the existing culvert (elevation 221.6 m), which suggests 
that some clay was previously removed in order to embed the base of the existing culvert.     
Taking these factors into consideration, the net increase in effective stress on the underlying 
clay is in the range of 10 to 21 kPa. 

The settlement due to this new embankment loading was estimated using three dimensional 
settlement analysis software (Settle 3D by RocScience) and a staged loading approach to 
model the initial embankment construction and the future culvert in-filling. The soil properties 
presented in Table 10.1 were used in the analysis. 

The first stage of the analysis considered the initial highway embankment construction with 
loading representative of 3.0 m of granular fill adjacent to the culvert location and 1.5 m of 
granular fill within the footprint of the culvert.  The primary and secondary consolidation profile 
were calculated for a time period of 20 years after completion of construction.  Although the 
existing culvert is more than 20 years old, primary consolidation due to the original construction 
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would be essentially complete at this time stage and it has been approximately 20 years since 
the last major rehabilitation that would have triggered new settlement. 

The second stage considered removal and backfilling of the culvert with conventional granular 
fill, and was modeled by application of a second load equal to 1.5 m of granular fill above the 
footprint of the existing culvert (1 m of which would be submerged).  The primary and secondary 
consolidation versus time was then calculated for the ground within approximately 15 m east 
and west of the centerline of the former culvert.  The results of the settlement analysis are 
presented in Appendix F.  The estimated combined primary and secondary settlement beneath 
the centerline of Highway 17 is as follows: 

Table 10.2:  Settlement Estimates  

Location
Settlement Estimates 

at Time Periods Following Culvert Removal

1 years 5 years 20 years

C/L of culvert 45 mm 60 mm 100 mm
5 m offset from C/L of culvert 10 mm 30 mm 70 mm
Differential Settlement within 
5 m of culvert C/L 35 mm 30 mm 30 mm

Differential Settlement Ratio 140:1 160:1 160:1

The estimated total and differential settlement are within the acceptable settlement tolerances 
outlined in MTO document: Embankment Settlement Criteria for Design (March 2, 2010) for new 
embankments, non-freeways on compressible soils (200 mm total settlement and 100:1 
differential settlement rate during pavement design life (in this case 20 years)). 

The estimated differential settlement will exceed the post-construction settlement criteria for 
transitions (maximum 25 mm within 0-20 m from the culvert location) and will therefore require 
pavement maintenance activities to maintain a desirable pavement performance.  It is 
anticipated that asphalt patching will be required during the year following the culvert the 
removal and likely once more within the following 10 years. 

10.3.2 Embankment Stability 

The existing embankment slopes are approximately 3H:1V and do not exhibit evidence of global 
instability.  It is understood that the backfilling will be carried out to match the existing 
embankment geometry immediately east and west of the culvert location. 

Stability of the embankment in its final configuration for Site 46-396/C was analyzed using 
commercially available slope stability software (Slope/W) and the soil parameters provided in 
Table 10.1.  The geometry consists of a 3.6 m high highway embankment slope with 3H:1V 
slopes.  The analysis included a uniformly distributed load of 17.6 kPa to represent traffic 
loading as per Section 6.9.5 of the CHBDC. 

The proposed final embankment geometry and materials were determined to be stable under 
long term conditions and under seismic loading conditions. Factors of safety of 2.1 and 1.8 were 
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obtained under static and seismic loading conditions, respectively. A copy of the slope stability 

modeling results is provided in Appendix F as Figures F-4 and F-5. 

10.4 CONSTRUCTION CONSIDERATIONS 

10.4.1 Construction Staging 

The proposed staging concept involves two stage construction as shown on the Draft Staging 

Plans provided in Appendix F.  This option would require the use of temporary roadway 

protection near the centerline of the highway.  Further discussion regarding temporary 

protection systems is provided in Section 10.4.3. 

10.4.2 Excavation and backfilling 

All vegetation, fill, organic soils and other deleterious materials must be removed along with the 

existing timber box culvert.  Where deleterious materials are encountered, the material should 

be excavated, wasted and replaced.     

Side slopes for open cut excavations should conform to Occupational Health and Safety Act 

regulations for Construction Projects.  The existing highway embankment fill is considered Type 

3 soil above the water level.  Above the stream and groundwater level, temporary cut slopes 

should be no steeper than 1 horizontal to 1 vertical from the base of the excavation.  For 

excavations below stream and/or groundwater levels, the soils should be considered as Type 4 

soils and slopes no steeper than 3H:1V will be required.  Flatter side slopes or supported 

excavations may be required. 

Grading work for reinstatement of the highway embankment along the existing culvert alignment 

should be carried out in accordance with OPSS-206 Construction Specification for Grading and 

SP 206S03 using OPSS Select Subgrade Material. 

10.4.3 Temporary Protection Systems 

Two options for holding back the existing Highway 17 embankment during the staging of the 

culvert removal and backfilling were considered – a steel sheet pile (SSP) wall and a soldier pile 

with timber lagging wall.   

The selection of a protection system for this site will need to consider the limited resistance 

offered by the soft clay and the presence of obstructions within the existing embankment fill.   

Table F-4 in Appendix F compares the advantages, disadvantages, relative cost and 

risk/consequences of available roadway protection options considered for the culvert 

replacement.  

Due to the high risk of damage or inability for sheet piles to penetrate through obstructions in 

the existing embankment fill, H-piles with timber lagging are likely the most suitable protection 

system for this site.  Given the soft clay conditions, it is anticipated that the H-piles will need to 

penetrate to the base of the clay layer and that rakers will be used to provide lateral resistance. 
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Alternatively, the obstruction could be removed by partial excavation.  In this case a 

cantilevered sheet pile would become more favourable. 

The contractor will ultimately be responsible to develop and implement a roadway protection 

system meeting the requirements of OPSS 539, including establishing appropriate geotechnical 

design parameters. 

The roadway protection system, parallel to the centerline of the highway, will need to extend 

approximately 12 to 15 m to each side of the culvert. 

Shoring design should meet the requirements of Performance Level 2 as per OPSS 539 and 

should consider traffic loading.  Performance Level 2 specifies a Maximum Angular Distortion of 

1:200 and a Maximum Horizontal Displacement of 25 mm.  Pile and raker spacing must be 

designed not to exceed these limits.  Horizontal movement should be monitored throughout the 

culvert replacement process as described in OPSS 539.  The monitoring requirements outlined 

in OPSS 539 are considered to be appropriate for this project. 

10.4.4 Unwatering 

The depth of excavation for removal of the existing culvert is approximately 1 m lower than the 

observed groundwater and creek water levels.     

Control of the water flow in the creek will require a cofferdam to prevent stream flow into the 

excavations.  It is anticipated that flow will be diverted using pumps to allow construction of the 

replacement culvert. 

The native soils within the anticipated depth of excavation generally have a low to moderate 

hydraulic conductivity.  The use of conventional pumps within sumps within the excavation is 

likely suitable for the excavation unwatering. 

10.4.5 Erosion and Scour Protection 

Slope protection and drainage measures will be required to ensure the long-term surficial 

stability of the embankment slopes and adjacent stream banks.  Where embankment 

construction includes earth fill, normal slope vegetation should be established as soon as 

possible after completion of the embankment fills in order to control surficial erosion. 

The contractor should provide silt fences and erosion control blankets, as required, throughout 

the duration of the construction to prevent silt/sediments from running off the site.  
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11.0 Specifications 

The following specifications are referenced in this report: 

Table 11.1:  Specifications Referenced in Report 

Document Title 

OPSD 3090.100 Foundation Frost Depths for Northern Ontario 

OPSD 803.010 Backfill and Cover for Concrete Culverts 

OPSS902 Construction Specification for Excavation and Backfilling - Structures 

OPSS 206 Construction Specification for Grading 

SP 206S03 Earth Excavation, Grading 

OPSS 539 Construction Specification for Temporary Protection System 
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SYMBOLS AND TERMS USED ON BOREHOLE AND TEST PIT RECORDS

SOIL DESCRIPTION

Terminology describing common soil genesis: 
Topsoil - mixture of soil and humus capable of supporting vegetative growth

Peat - mixture of visible and invisible fragments of decayed organic matter

Till - unstratified glacial deposit which may range from clay to boulders

Fill - material below the surface identified as placed by humans (excluding buried services)

Terminology describing soil structure: 
Desiccated - having visible signs of weathering by oxidization of clay minerals, shrinkage cracks, etc.

Fissured - having cracks, and hence a blocky structure
Varved - composed of regular alternating layers of silt and clay

Stratified - composed of alternating successions of different soil types, e.g. silt and sand
Layer - > 75 mm in thickness
Seam - 2 mm to 75 mm in thickness

Parting - < 2 mm in thickness

Terminology describing soil types: 
The classification of soil types are made on the basis of grain size and plasticity in accordance with the Unified Soil 
Classification System (USCS) (ASTM D 2487 or D 2488).  The classification excludes particles larger than 76 mm 
(3 inches).  The USCS provides a group symbol (e.g. SM) and group name (e.g. silty sand) for identification. 

Terminology describing cobbles, boulders, and non-matrix materials (organic matter or debris): 
Terminology describing materials outside the USCS, (e.g. particles larger than 76 mm, visible organic matter, construction 
debris) is based upon the proportion of these materials present: 

Trace, or occasional Less than 10%
Some 10-20%

Frequent > 20%

Terminology describing compactness of cohesionless soils: 
The standard terminology to describe cohesionless soils includes compactness (formerly "relative density"), as determined 
by the Standard Penetration Test N-Value (also known as N-Index).  A relationship between compactness condition and 
N-Value is shown in the following table. 
  

Compactness Condition SPT N-Value
Very Loose <4

Loose 4-10
Compact 10-30
Dense 30-50

Very Dense >50

Terminology describing consistency of cohesive soils: 
The standard terminology to describe cohesive soils includes the consistency, which is based on undrained shear strength 
as measured by in situ vane tests, penetrometer tests, or unconfined compression tests. 

Consistency
Undrained Shear Strength

kips/sq.ft. kPa
Very Soft <0.25 <12.5

Soft 0.25 - 0.5 12.5 - 25
Firm 0.5 - 1.0 25 - 50
Stiff 1.0 - 2.0 50 – 100

Very Stiff 2.0 - 4.0 100 - 200
Hard >4.0 >200
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ROCK DESCRIPTION

Terminology describing rock quality: 
RQD Rock Mass Quality
0-25 Very Poor

25-50 Poor
50-75 Fair
75-90 Good

90-100 Excellent

Rock quality classification is based on a modified core recovery percentage (RQD) in which all pieces of sound core over 
100 mm long are counted as recovery.  The smaller pieces are considered to be due to close shearing, jointing, faulting, 
or weathering in the rock mass and are not counted.  RQD was originally intended to be done on NW core; however, it can 
be used on different core sizes if the bulk of the fractures caused by drilling stresses are easily distinguishable from in situ
fractures.  The terminology describing rock mass quality based on RQD is subjective and is underlain by the presumption 
that sound strong rock is of higher engineering value than fractured weak rock. 

Terminology describing rock mass: 
Spacing (mm) Joint Classification Bedding, Laminations, Bands

> 6000 Extremely Wide -
2000-6000 Very Wide Very Thick
600-2000 Wide Thick
200-600 Moderate Medium
60-200 Close Thin
20-60 Very Close Very Thin
<20 Extremely Close Laminated
<6 - Thinly Laminated

Terminology describing rock strength: 
Strength Classification Unconfined Compressive Strength (MPa)

Extremely Weak < 1
Very Weak 1 – 5

Weak 5 – 25
Medium Strong 25 – 50

Strong 50 – 100
Very Strong 100 – 250

Extremely Strong > 250

Terminology describing rock weathering: 
Term Description
Fresh No visible signs of rock weathering.  Slight discolouration along major discontinuities

Slightly Weathered Discolouration indicates weathering of rock on discontinuity surfaces.  All the rock 
material may be discoloured.

Moderately Weathered Less than half the rock is decomposed and/or disintegrated into soil.
Highly Weathered More than half the rock is decomposed and/or disintegrated into soil.

Completely Weathered All the rock material is decomposed and/or disintegrated into soil.  The original mass 
structure is still largely intact.
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STRATA PLOT

Strata plots symbolize the soil or bedrock description.  They are combinations of the following basic symbols.  The 
dimensions within the strata symbols are not indicative of the particle size, layer thickness, etc. 

Boulders
Cobbles
Gravel

Sand Silt Clay Organics Asphalt Concrete Fill Igneous 
Bedrock

Meta-
morphic 
Bedrock

Sedi-
mentary 
Bedrock

SAMPLE TYPE

SS
Split spoon sample (obtained by performing 
the Standard Penetration Test)

ST Shelby tube or thin wall tube

DP
Direct-Push sample (small diameter tube 
sampler hydraulically advanced)

PS Piston sample
BS Bulk sample
WS Wash sample

HQ, NQ, BQ, etc.
Rock core samples obtained with the use of 
standard size diamond coring bits.

RECOVERY
For soil samples, the recovery is recorded as the length of the soil sample recovered.  For rock core, recovery is defined 
as the total cumulative length of all core recovered in the core barrel divided by the length drilled and is recorded as a 
percentage on a per run basis. 

N-VALUE
Numbers in this column are the field results of the Standard Penetration Test: the number of blows of a 140 pound (64 kg) 
hammer falling 30 inches (760 mm), required to drive a 2 inch (50.8 mm) O.D. split spoon sampler one foot (305 mm) into 
the soil.  For split spoon samples where insufficient penetration was achieved and N-values cannot be presented, the 
number of blows are reported over sampler penetration in millimetres (e.g. 50/75).  Some design methods make use of N 
value corrected for various factors such as overburden pressure, energy ratio, borehole diameter, etc.  No corrections 
have been applied to the N-values presented on the log.  

DYNAMIC CONE PENETRATION TEST (DCPT)
Dynamic cone penetration tests are performed using a standard 60 degree apex cone connected to A size drill rods with 
the same standard fall height and weight as the Standard Penetration Test.  The DCPT value is the number of blows of the 
hammer required to drive the cone one foot (305 mm) into the soil.  The DCPT is used as a probe to assess soil variability.  

OTHER TESTS

S Sieve analysis
H Hydrometer analysis
k Laboratory permeability
γ Unit weight

Gs Specific gravity of soil particles
CD Consolidated drained triaxial

CU Consolidated undrained triaxial with pore pressure 
measurements

UU Unconsolidated undrained triaxial
DS Direct Shear
C Consolidation
Qu Unconfined compression

Ip
Point Load Index (Ip on Borehole Record equals 
Ip(50) in which the index is corrected to a reference 
diameter of 50 mm)

WATER LEVEL MEASUREMENT

measured in standpipe, 
piezometer, or well

inferred

Single packer permeability test; test 
interval from depth shown to bottom 
of borehole

Double packer permeability test; test 
interval as indicated

Falling head permeability test using 
casing

Falling head permeability test using 
well point or piezometer
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APPENDIX B 
Site No. 46-398/C - Station 18+667

     Borehole Location Plan and Stratigraphic Section 
     Borehole Records 

     Laboratory Test Results 
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APPENDIX C 
Site No. 46-397/C - Station 11+375

     Site Photographs 
     Borehole Location Plan and Stratigraphic Section 

     Borehole Records 
     Laboratory Test Results 
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APPENDIX D 
Site No. 46-395/C - Station 13+506

     Site Photographs 
     Borehole Location Plan and Stratigraphic Section 

     Borehole Records 
     Laboratory Test Results 

     Field Core Logs 
     Photos of Rock Cores  
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APPENDIX E 
Site No. 46-396/C - Station 13+631

     Site Photographs 
     Borehole Location Plan and Stratigraphic Section 

     Borehole Records 
     Laboratory Test Results 
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APPENDIX F 
Temporary Detour Staging Plans 

GSC Seismic Hazard Calculation Sheet 
Soil Parameter Design Models 

Slope Stability Output 
     Temporary Protection System Locations 

Settlement Estimates 

    
































