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FOUNDATION INVESTIGATION REPORT 

HIGH FILLS AT MERRITT ROAD INTERCHANGE 

HIGHWAY 406 TWINNING 

ONTARIO 

AGREEMENT No. 2008-E-0016, W.P. 280-99-00, GEOCRES No.: 30M3-252 

 

PART 1: FACTUAL INFORMATION 

 

1 INTRODUCTION 

This report presents the factual findings obtained from a foundation investigation for the proposed 
high fill embankments at the Merritt Road Interchange.  The project area is located at the existing 
at grade intersection of Highway 406 and Merritt Road in the City of Thorold, Ontario.   

Preliminary and detailed foundation investigations were conducted for the Merritt Road Underpass 
and the factual data from these investigations have been used as general reference for the 
preparation of this report. 

The purpose of this investigation was to explore the subsurface conditions at the site and based on 
the data obtained, to provide a borehole location plan, records of boreholes, stratigraphic profile 
and cross-sections, laboratory test results and a written description of the subsurface conditions.  A 
model of the subsurface conditions was developed from the data obtained.   

Terraprobe conducted the investigation as a sub-consultant to Giffels Associates Ltd./IBI Group, 
under the Ministry of Transportation Ontario (MTO) Agreement Number 2008-E-0016. 

The following documents are referenced in the preparation of this report: 

• Peto MacCallum Ltd., “Preliminary Foundation Investigation and Design Report for 
Merritt Road Underpass”, Highway 406 Four-Laning, G.W.P. 280-99-00, City of Thorold, 
Ontario, GEOCRES 30M03-233, dated November 20, 2008.   

• Peto MacCallum Ltd., “Foundation Investigation and Design Report for Merritt Road 
Underpass, Site No. 34-460”, Highway 406 Four-Laning, G.W.P. 280-99-00, City of 
Thorold, Ontario, GEOCRES 30M03-240, dated April 06, 2009.   
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2 SITE DESCRIPTION & PHYSIOGRAPHY 

The site is located at the existing intersection of Highway 406 and Merritt Road in the City of 
Thorold, Regional Municipality of Niagara.  The Merritt Road underpass is currently under 
construction approximately 30 m north of this intersection.   

The topography is generally flat with scattered man-made high ground areas in the vicinity of the 
proposed bridge approaches.  Vegetation at this site consists primarily of deciduous trees and wild 
bush.   

The site is located between the Niagara Escarpment and Lake Erie in the physiographic region of 
Southern Ontario referred to as the Haldimand Clay Plain.  The Haldimand Clay Plain is best 
described as falling into a series of parallel belts with the highest ground adjacent to the 
Escarpment.  Generally this region is flat and poorly drained although it includes several distinctive 
landforms such as dunes, cobble, clay and sand beaches, limestone pavements and back-shore 
wetland basins1.   

The Niagara Region is underlain by a sequence of very gently south-dipping dolostones, 
limestones, shales and sandstones overlying Precambrian basement rock.  The key elements in the 
bedrock geology of the region are the multiple layers of softer sedimentary limestones, shale, 
sandstone and dolostone.   

The bedrock unit at this site is the Salina Formation of Upper Silurian Age2.  This unit consists 
essentially of easily weathered, grey, very finely crystalline, laminated argillaceous dolostone with 
grey, calcareous shale partings and gypsum veins and lenses of varying thicknesses.   

3 SITE INVESTIGATION AND FIELD TESTING 

The site investigation and field testing for this project were carried out between August 31 and 
September 10, 2009 and consisted of drilling and sampling thirty nine boreholes to depths ranging 
from 3.5 m to 15.3 m.  The approximate borehole locations are shown on the attached Borehole 
Locations and Soil Strata Drawing in Appendix D. 

The borehole locations were marked in the field by surveyors from Callon Dietz Inc. who also 
provided Terraprobe with their coordinates and geodetic elevations.  Utility clearances were 
obtained by Terraprobe prior to drilling.   

Samples of the overburden soils were obtained at selected intervals using a split spoon sampler in 
conjunction with Standard Penetration Testing (SPT), as specified in ASTM Method D1586.  In the 
cohesive (clayey) deposits the undrained shear strength of the soil was measured in-situ by means 
of field vane tests using an MTO type field vane.  Relatively undisturbed soil samples were also 
collected with thin-walled Shelby Tube samplers.   

                                            
1 Chapman and Putnam, “The Physiography of South Ontario”, 3rd Edition, 1984. 
2 Ontario Division of Mines, “Quaternary Geology Of The Welland Area”, Preliminary Map P.796, 1972. 
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Ground water conditions in the open boreholes were observed throughout the drilling operations 
and either standpipe piezometers or monitoring wells were installed in selected boreholes to permit 
longer term ground water level monitoring.  The standpipe piezometers consisted of 19 mm 
diameter PVC pipe with a slotted screen enclosed in sand and the monitoring wells consisted of 
50 mm diameter PVC pipe with a slotted screen enclosed in sand.  The remaining boreholes were 
abandoned in accordance with MOE Regulation 903 by sealing/grouting with a clay slurry mixture 
after drilling was complete.   

The locations and completion details of the piezometers are shown in Tables 3.1 and 3.2. 

Table 3.1 – Piezometer Installation Details (South East Quadrant) 

Piezometer 
Location 

Piezometer Details 

Tip Depth/ 
Elevation 

(m) 
Completion Details 

SEW 
10+200CL 4.6/174.1 Piezometer with 1.5 m slotted screen installed with filter sand to 2.4 m 

and bentonite seal from 2.4 m to ground surface. 

C1 4.0/174.5 Piezometer with 1.5 m slotted screen installed with filter sand to 2.1 m 
and bentonite seal from 2.1 m to ground surface. 

C2 3.0/175.4 Piezometer with 1.5 m slotted screen installed with filter sand to 1.2 m 
and bentonite seal from 1.2 m to ground surface. 

SEW 
10+300CL 6.1/172.8 

Piezometer with 1.5 m slotted screen installed with filter sand to 4.3 m, 
bentonite seal from 4.3 m to 3.4 m, silty clay cuttings from 3.4 m to 0.6 m 
and bentonite seal from 0.6 m to ground surface. 

SEW 
10+350Rt. 6.1/173.0 Monitoring well with 3.0 m slotted screen installed with filter sand to 2.6 m 

and bentonite seal from 2.6 m to ground surface. 

WN 
10+000Rt. 10.7/169.7 Monitoring well with 3.0 m slotted screen installed with filter sand to 

6.9 m, bentonite seal from 6.9 m to ground surface. 

WN 
10+050CL 5.8/175.0 

Piezometer with 1.5 m slotted screen installed with filter sand to 3.6 m, 
bentonite seal from 3.6 m to 3.4 m, silty clay cuttings from 3.4 m to 0.3 m 
and bentonite seal from 0.3 m to ground surface. 

EWN 
10+150CL 5.2/173.5 

Piezometer with 1.5 m slotted screen installed with filter sand to 3.4 m, 
bentonite seal from 3.4 m to 2.4 m, silty clay cuttings from 2.4 m to 0.6 m 
and bentonite seal from 0.6 m to ground surface. 

C3 3.0/176.0 Piezometer with 1.5 m slotted screen installed with filter sand to 1.2 m 
and bentonite seal from 1.2 m to ground surface. 

C4 3.0/175.8 Piezometer with 1.5 m slotted screen installed with filter sand to 1.2 m 
and bentonite seal from 1.2 m to ground surface. 

MR 
10+075Lt. 13.7/172.5 

Piezometer with 1.5 m slotted screen installed with filter sand to 11.9 m, 
bentonite seal from 11.9 m to 11.0 m, silty clay cuttings from 11.0 m to 
0.9 m and bentonite seal from 0.9 m to ground surface. 

MR 
10+100CL 13.7/171.7 Monitoring well with 1.5 m slotted screen installed with filter sand to 

11.6 m and bentonite seal from 11.6 m to ground surface. 

MR 
10+150Lt. 6.7/173.3 

Piezometer with 1.5 m slotted screen installed with filter sand to 4.9 m, 
bentonite seal from 4.9 m to 4.0 m, silty clay cuttings from 4.0 m to 0.9 m 
and bentonite seal from 0.9 m to ground surface. 
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Table 3.2 – Piezometer Installation Details (North West Quadrant) 

Piezometer 
Location 

Piezometer Details 

Tip Depth/ 
Elevation 

(m) 
Completion Details 

NEW 
10+350CL 5.2/175.7 

Piezometer with 1.5 m slotted screen installed with filter sand to 3.4 m, 
bentonite seal from 3.4 m to 2.4 m, silty clay cuttings from 2.4 m to 0.9 m 
and bentonite seal from 0.9 m to ground surface. 

NW 
10+000Rt. 5.2/175.0 

Piezometer with 1.5 m slotted screen installed with filter sand to 3.4 m, 
bentonite seal from 3.4 m to 2.4 m, silty clay cuttings from 2.4 m to 0.9 m 
and bentonite seal from 0.9 m to ground surface. 

NE 
10+450CL 8.7/171.5 Monitoring well with 3.0 m slotted screen installed with filter sand to 5.0 m 

and bentonite seal from 5.0 m to ground surface. 

ES 
10+000Rt. 13.0/171.9 Monitoring well with 3.0 m slotted screen installed with filter sand to 9.8 m 

and bentonite seal from 9.8 m to ground surface. 

ES 
10+050CL 12.2/173.7 Piezometer with 1.5 m slotted screen installed with filter sand to 10.0 m 

and bentonite seal from 10.0 m to ground surface. 

EWS 
10+100Rt. 5.7/175.0 

Piezometer with 1.5 m slotted screen installed with filter sand to 3.7 m, 
bentonite seal from 3.7 m to 3.4 m, silty clay cuttings from 3.4 m to 0.3 m 
and bentonite seal from 0.3 m to ground surface. 

EWS 
10+150CL 4.6/176.5 

Piezometer with 1.5 m slotted screen installed with filter sand to 2.4 m, 
bentonite seal from 2.4 m to 2.1 m, silty clay cuttings from 2.1 m to 0.3 m 
and bentonite seal from 0.3 m to ground surface. 

WS 
10+025CL 7.6/172.6 

Piezometer with 1.5 m slotted screen installed with filter sand to 5.5 m, 
bentonite seal from 5.5 m to 5.2 m, silty clay cuttings from 5.2 m to 0.3 m 
and bentonite seal from 0.3 m to ground surface. 

MR  
9+850Rt. 6.1/173.7 

Monitoring well with 1.5 m slotted screen installed with filter sand to 
4.3 m, bentonite seal from 4.3 m to 4.0 m, silty clay cuttings from 4.0 m to 
0.3 m and bentonite seal from 0.3 m to ground surface. 

MR  
9+950Rt. 9.1/171.1 

Piezometer with 1.5 m slotted screen installed with filter sand to 7.0 m, 
bentonite seal from 7.0 m to 6.7 m, silty clay cuttings from 6.7 m to 0.6 m, 
bentonite seal from 0.6 m to 0.3 m and a flush mounted well cap at 
ground surface. 

The drilling, sampling and in-situ testing operations were observed on a full time basis by members 
of Terraprobe’s technical staff.  Staff logged the boreholes and processed the recovered soil 
samples for transport to Terraprobe’s Brampton laboratory for further examination and testing.   

4 LABORATORY TESTING 

The recovered soil samples were subjected to Visual Identification (VI) and natural moisture 
content determination.  Select samples were also subjected to a laboratory testing programme 
consisting of gradation analysis and Atterberg Limits tests, consolidation tests, unit weight and 
undrained shear strength testing with a laboratory vane.  Unconfined compressive strength tests 
were also conducted on selected Shelby tube samples.  The results of this testing program are 
shown on the Record of Borehole sheets in Appendix A and the figures in Appendix B.   
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5 DESCRIPTION OF SUBSURFACE CONDITIONS 

Reference is made to the Record of Borehole sheets in Appendix A.  Details of the encountered soil 
and stratigraphy are presented in these appendices and on the “Borehole Locations and Soil Strata” 
drawings in Appendix D.  The previously drilled boreholes for the proposed new Merritt Road 
bridge are presented in Appendix C.   

An overall description of the stratigraphy of the current investigations is provided in the following 
paragraphs under two sections viz. Merritt Road I/C (South East Quadrant) and Merritt Road I/C 
(North West Quadrant).  However, the factual data presented in the Record of Borehole Sheets 
governs any interpretation of the site conditions. 

In general, the south east quadrant of the site is underlain by topsoil, fill material consisting of 
compact sand and gravel and firm to stiff silty clay.  These soils are further underlain by native 
deposits of loose to dense silty sand to sandy silt, a major deposit of firm to hard silty clay and a 
lower deposit of compact silt.   

The north west quadrant of the site is underlain by topsoil, a flexible pavement, and fill material 
consisting of loose to compact silt to sandy silt and firm to hard silty clay.  Amorphous peat, 
organic sandy silt and a layer of silty fine sand were encountered below the stockpile material at 
Borehole ES 10+000Lt.  These soils are further underlain by a major deposit of firm to hard silty 
clay followed by a compact silt deposit.   

5.1 Merritt Road I/C – South East Quadrant 

5.1.1 Topsoil 

The topsoil encountered in this area ranged in thickness from 50 mm to 205 mm.  Topsoil thickness 
may vary between and beyond the boreholes.   

5.1.2 Fill – Sand and Gravel 

Some of the boreholes were advanced through the shoulders of Merritt Road where they 
encountered a layer of sand and gravel fill that extends to depths ranging from 0.4 m 
(Elev. 180.4 m) to 0.8 m (Elev. 179.7 m) below ground surface.   

The grain size distribution plot of a tested sample of this fill is presented in Figure B1-1.  These 
results show a grain size distribution consisting of 36% gravel, 41% sand, 19% silt and 4% clay 
size particles.   

In this fill the SPT ‘N’ values ranged from 11 to 19 blows for 0.3 m penetration indicating a 
compact relative density.  The moisture content of samples of the sand and gravel fill varies from 
3% to 4% by weight.   
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5.1.3 Fill – Silty Clay 

Silty clay fill was encountered at this site extending to depths ranging from 0.3 m to 7.0 m below 
ground surface or to elevations ranging from Elev. 180.1 m to Elev. 177.7 m.  The fill generally 
extends to a maximum depth of 0.7 m across the site but up to 7.0 m deep fill exists in the area of 
an existing fill stockpile in the vicinity of the west bridge approach.  The three boreholes that were 
drilled through this stockpile are MR10+050CL, MR10+075Lt. and MR10+100CL.   

The grain size distribution plots of tested samples of this fill are presented in Figures B1-2.  These 
results show a grain size distribution consisting of 0-24% gravel, 2-16% sand, 30-40% silt and    
20-68% clay size particles.  Zones of sandy and gravelly fill were also encountered in the fill 
stockpile.   

Samples were also subjected to Atterberg Limits tests and the results are presented in Figures B1-3.  
The index values from these tests are summarized below: 

   Liquid Limit:     27-61% 
   Plastic Limit:     17-28% 
   Plasticity Index:    10-33% 
   Natural Moisture Content: 17-23% 

These values indicate that the fill material has a low to high plasticity.   

Standard Penetration tests in this silty clay fill gave ‘N’ values that ranged from 6 to 27 blows per 
0.3 m penetration.  Based on these results the silty clay fill is considered to have a firm to very stiff 
consistency.  The moisture content (by weight) of samples of this fill ranged from 11% to 26%. 

5.1.4 Silty Sand to Sandy Silt 

Silty sand to sandy silt deposits were encountered in this quadrant extending to depths ranging 
from 0.7 m to 2.1 m below ground surface or to elevations ranging from 177.9 m to 176.8 m.   

The grain size distribution plots of tested samples of these native soils are presented in    
Figure B1-4.  These results show a grain size distribution consisting of 0% gravel, 35-54% sand, 
30-47% silt and 8-18% clay size particles.   

The blow counts from Standard Penetration tests in this deposit ranged from 4 to 31 blows per 
0.3 m penetration.  Based on these results these soils are considered to have a loose to dense 
relative density.  The moisture content of samples from these strata ranged from 15% to 27% by 
weight. 

5.1.5 Silty Clay 

A major silty clay deposit was encountered in all of the boreholes in this quadrant of the 
interchange.  This silty clay deposit was fully penetrated in Borehole WN10+000Rt. at a depth of 
10.5 m (Elev. 169.9 m) below ground surface.  In the remaining boreholes the investigations were 
terminated in this layer.   
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The grain size distribution plots of tested samples of the silty clay are presented in Figures B1-5 to 
B1-10.  These results show a grain size distribution consisting of 0-2% gravel, 0-5% sand, 30-66% 
silt and 33-67% clay size particles.   

Samples were also subjected to Atterberg Limits tests and the results are plotted on the plasticity 
charts in Figures B1-11 to B1-16.  The index values from these tests are summarized below: 

   Liquid Limit:     24-54% 
   Plastic Limit:     16-26% 
   Plasticity Index:      7-28% 
   Natural Moisture Content: 18-40% 

These values are characteristic of clayey soils of generally low to intermediate plasticity with 
infrequent zones of high plasticity.   

Standard Penetration tests in this deposit yielded ‘N’ values ranging from 0 to 43 blows for 0.3 m 
penetration and field vane tests gave in-situ undrained shear strengths ranging from 32 kPa to in 
excess of 100 kPa.  An unconfined compression test gave an undrained shear strength of 30 kPa 
and laboratory vane tests on Shelby Tube samples gave undrained shear strengths ranging from 
47 kPa to 67 kPa.  These values indicate that the consistency of the silty clay is generally firm to 
hard.   

The variation of undrained shear strength with depth is depicted in the attached plot of field vane 
test results versus depth, Figure B1-18.  There is a trend in the variation of shear strength with 
depth.  The upper portion of this deposit up to about Elev. 175.5 m has a relatively higher 
undrained shear strength i.e. in excess of 100 kPa.  Below Elev. 175.5 m the undrained shear 
strength decreases with depth and then begins to increase again below Elev. 172.0 m.   

The results of the Atterberg Limits tests are also plotted against elevation (Figure B1-19).  Up to 
about Elev. 176.0 m the natural moisture content is at or close to the plastic limit.  Below 
Elev. 176.0 m the plot depicts a trend of increasing liquidity index with depth.   

Four consolidation tests were also performed on relatively undisturbed samples retrieved from 
Borehole SEW10+300CL, SEW10+350Rt., WN10+000Rt. and WN10+050CL and the results are 
attached in Figures B1-20 to B1-31.  Preconsolidation pressures were estimated from the               
e-log p curves.  Due to the rounded nature of the curves the preconsolidation pressures were also 
assessed based on the ‘Work’ – method proposed by Becker et al. (1987).   
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The details of the test results are summarized below. 

Borehole/Sample No. 
Sample 

Depth/Elevation 
(m) 

Pc 
(kPa) Cc Cr eo 

SEW 10+300CL TW6 4.6/174.3 280 – 400 0.439 0.089 1.09 
SEW 10+350Rt. TW6 4.6/174.5 300 – 420 0.177 0.029 0.65 
WN 10+000Rt. TW7 6.0/174.4 240 – 330 0.549 0.114 1.14 
WN 10+050CL TW6 4.6/176.2 280 – 300 0.211 0.049 0.64 

Where: Pc = Preconsolidation pressure 
 Cc = Compression index 
 Cr = Recompression index 
 eo = Initial void ratio 

The field and laboratory data indicate that the silty clay deposit consists of a generally stiff to hard 
overconsolidated desiccated crust that is estimated to extend to about Elev. 176.0 m.  Below 
Elev. 176.0 m the silty clay deposit is generally firm to very stiff.   

5.1.6 Silt 

A lower silt deposit was encountered in Borehole WN 10+000Rt. at a depth of 10.5 m 
(Elev. 169.9 m) and it extends to at least the termination depth of the borehole or deeper.   

A sample of this soil was subjected to a grain size distribution test and the results are depicted on 
the grain size distribution curve in Figure B1-17.  These results show a grain size distribution 
consisting of 0% gravel, 1% sand, 91% silt and 8% clay size particles.   

A Standard Penetration test conducted in this deposit gave an ‘N’ value of 13 blows for 0.3 m 
penetration indicating a compact relative density.  The moisture content (by weight) of a sample of 
the silt was 29%.   

5.2 Merritt Road I/C – North West Quadrant 

5.2.1 Topsoil 

The topsoil encountered in this quadrant of the interchange ranged in thickness from 25 mm to 
230 mm.  Topsoil thickness may vary between and beyond the boreholes. 

5.2.2 Flexible Pavement 

Borehole MR 9+950 was located on the existing Ramp Hwy. 406 N - Merritt Road-W.  The 
borehole data indicates a flexible pavement consisting of 100 mm thick asphalt concrete underlain 
by a layer of sand and gravel fill that extends to a depth of 0.6 m (Elev. 179.6 m) below ground 
surface.   

The grain size distribution plot of a sample of the sand and gravel fill is presented in Figure B2-1.  
These results show a grain size distribution consisting of 21% gravel, 50% sand, 24% silt and 5% 
clay size particles.   
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A Standard Penetration test conducted in this fill material gave an ‘N’ value of 16 blows for 0.3 m 
penetration indicating a compact relative density.  The moisture content of the sand and gravel fill 
was 6% by weight.   

5.2.3 Fill – Silt to Silty Sand 

Fill material ranging from silt some sand to silty sand were encountered in this quadrant extending 
to depths ranging from 0.7 m to 5.6 m below ground surface or to elevations ranging from 180.4 m 
to 179.2 m.   

The grain size distribution plots of tested samples of this fill are presented in Figure B2-2.  These 
results show a grain size distribution consisting of 0% gravel, 12-56% sand, 30-72% silt and       
13-16% clay size particles.   

The blow counts from Standard Penetration tests in this deposit ranged from 6 to 19 blows per 
0.3 m penetration.  Based on these results the deposit is considered to have a loose to compact 
relative density.  The moisture content of samples from this stratum ranged from 9% to 23% by 
weight. 

5.2.4 Fill – Silty Clay 

Silty clay fill was encountered at this site extending to depths ranging from 0.7 m to 7.0 m below 
ground surface or to elevations ranging from Elev. 181.0 m to Elev. 177.9 m.  There is an existing 
fill stockpile in this quadrant and the fill depth ranges from about 5.6 m to 7.0 m.  The boreholes 
that were drilled through this stockpile are ES10+000Rt, ES10+050CL and MR9+900CL.   

The grain size distribution plots of tested samples of this fill are presented in Figure B2-3.  These 
results show a grain size distribution consisting of 0-6% gravel, 3-17% sand, 38-49% silt and      
28-59% clay size particles.   

A sample of the fill material was also subjected to Atterberg Limits tests and the results are 
presented in Figure B2-4.  The index values from these tests are summarized below: 

   Liquid Limit:     27-43% 
   Plastic Limit:     16-24% 
   Plasticity Index:    11-19% 
   Natural Moisture Content: 13-20% 

These values are characteristic of clayey soils of low to intermediate plasticity.   

Standard Penetration tests in this silty clay fill gave ‘N’ values that ranged from 4 to 34 blows per 
0.3 m penetration.  Based on these results the silty clay fill is considered to have a firm to hard 
consistency.  The moisture content (by weight) of samples of this fill generally ranged from 13% to 
38% and a value of 45% was obtained where the sampled material contained organics. 
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5.2.5 Peat, Organic Sandy Silt and Silty Fine Sand 

A 0.8 m thick layer of amorphous peat was encountered below the stockpile material in Borehole 
ES10+000Lt.  The peat extends to a depth of 6.4  (Elev. 178.6 m) and is further underlain by a 
300 mm thick layer of organic sandy silt that extends to a depth of 6.7 m (Elev. 178.3 m).   

The peat and organic silt in Borehole ES10+000Lt. are underlain by a 300 mm thick layer of wet 
silty fine sand that extends to a depth of 7.0m (Elev. 178.0 m). 

A Standard Penetration test in these strata gave an ‘N’ value of 20 blows per 0.3 m penetration.  
Based on these results the peat is considered to have a very stiff consistency.  The moisture content 
(by weight) of samples of these soils ranged from 20% to 66%. 

5.2.6 Silty Clay 

A major silty clay deposit was encountered in all of the boreholes in this quadrant of the 
interchange.  This silty clay deposit was fully penetrated in Boreholes NE10+450CL and 
MR9+950Rt. at depths of 8.9 m (Elev. 171.3 m) and 8.7 m (Elev. 171.5 m) respectively.  In the 
remaining boreholes the investigations were terminated in this layer.   

The grain size distribution plots of tested samples of the silty clay are presented in Figures B2-5 to 
B2-9.  These results show a grain size distribution consisting of 0% gravel, 0-14% sand, 31-69% 
silt and 31-69% clay size particles.   

Samples were also subjected to Atterberg Limits tests and the results are plotted on the plasticity 
charts in Figures B2-10 to B2-14.  The index values from these tests are summarized below: 

   Liquid Limit:     26-47% 
   Plastic Limit:     16-24% 
   Plasticity Index:    10-27% 
   Natural Moisture Content: 19-35% 

These values are characteristic of clayey soils of generally low to intermediate plasticity.   

Standard Penetration tests in this deposit yielded ‘N’ values ranging from 1 to 55 blows for 0.3 m 
penetration and field vane tests gave in-situ undrained shear strengths ranging from 32 kPa to in 
excess of 100 kPa.  An unconfined compression test gave an undrained shear strength of 33 kPa 
and laboratory vane tests on Shelby Tube samples gave undrained shear strengths ranging from 
30 kPa to 56 kPa.  These values indicate that the consistency of the silty clay is generally firm to 
hard.   

The variation of undrained shear strength with depth is depicted in the attached plot of field vane 
test results versus depth, Figure B2-16.  There is a trend in the variation of shear strength with 
depth.  The upper portion of this deposit up to about Elev. 175.5 m has a relatively higher 
undrained shear strength i.e. in excess of 100 kPa.  Below Elev. 175.5 m the undrained shear 
strength decreases then increases again below Elev. 172.0 m.   
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The results of the Atterberg Limits tests are also plotted against elevation (Figure B2-17).  Up to 
about Elev. 177.0 m the natural moisture content is at or close to the plastic limit.  Below 
Elev. 177.0 m the plot indicates a trend of increasing liquidity index.   

Three consolidation tests were also performed on relatively undisturbed samples retrieved from 
Borehole MR9+850Rt., NE10+450CL and EWS10+100Rt. and the results are attached in 
Figures B2-18 to B2-26.  Preconsolidation pressures were estimated from the e-log p curves.  Due 
to the rounded nature of the curves the preconsolidation pressures were also assessed based on the 
‘Work’ – method proposed by Becker et al. (1987).  The details of the test results are summarized 
below. 

Borehole/Sample No. 
Sample 

Depth/Elevation 
(m) 

Pc 
(kPa) Cc Cr eo 

MR 9+850Rt. TW7 6.0/173.8 280 0.478 0.091 1.06 
NE 10+450 CL TW8 7.6/172.6 190 – 220 0.254 0.045 0.68 
EWS 10+100Rt. TW7 6.0/174.7 290 – 400 0.433 0.073 0.99 

Where: Pc = Preconsolidation pressure 
 Cc = Compression index 
 Cr = Recompression index 
 eo = Initial void ratio 

The field and laboratory data indicate that the silty clay deposit consists of a generally stiff to hard 
overconsolidated desiccated crust that is estimated to extend to about Elev. 176.5 m.  Below 
Elev. 176.5 m the silty clay deposit is generally firm to very stiff.   

5.2.7 Silt 

A lower silt deposit was encountered in Boreholes NE 10+450CL and MR 9+950Rt at depths of 
8.9 m (Elev. 171.3 m) and 8.7 m (Elev. 171.5 m) respectively.  The silt deposit extends to at least 
the termination depths of the boreholes or deeper.   

A sample of this soil was subjected to a grain size distribution test and the results are depicted on 
the grain size distribution curve in Figure B2-15.  These results show a grain size distribution 
consisting of 1% gravel, 1% sand, 91% silt and 7% clay size particles.   

Standard Penetration tests conducted in this deposit gave ‘N’ values that ranged from 7 to 32 blows 
for 0.3 m penetration indicating a compact relative density.  The moisture content (by weight) of a 
sample of the silt was 23%.   
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5.3 Water Levels 

A standpipe piezometer was installed in selected boreholes.  The water level readings measured on 
separate visits made after the completion of drilling are presented in Table 5.2. 

Table 5.2 – Water Level Measurements (South East Quadrant) 

Borehole Date Water Levels
Depth (m) Elevation (m) 

SEW 
10+200CL 

September 09, 2009 
September 10, 2009 

3.7 
3.0 

175.0 
175.7 

C1 

September 09, 2009 
September 10, 2009 
September 11, 2009 
September 15, 2009 

Dry 
Dry 
Dry 
2.4 

- 
- 
- 

176.1 

C2 

September 09, 2009 
September 10, 2009 
September 11, 2009 
September 15, 2009 

1.2 
1.3 
1.3 
1.4 

177.2 
177.1 
177.1 
177.0 

SEW 
10+300CL 

September 09, 2009 
September 10, 2009 
September 15, 2009 

1.4 
1.3 
1.0 

177.5 
177.6 
177.9 

SEW 
10+350Rt. 

September 09, 2009 
September 11, 2009 
September 15, 2009 

5.5 
5.4 
5.0 

173.6 
173.7 
174.1 

WN 
10+000Rt. 

September 09, 2009 
September 10, 2009 
September 11, 2009 
September 15, 2009 

2.4 
2.5 
2.5 
2.6 

178.0 
177.9 
177.9 
177.8 

WN 
10+050CL 

September 09, 2009 
September 11, 2009 
September 15, 2009 

4.6 
3.9 
3.9 

176.2 
176.9 
176.9 

EWN 
10+150CL 

September 09, 2009 
September 10, 2009 
September 15, 2009 

4.8 
4.7 
4.6 

173.9 
174.0 
174.1 

C3 

September 09, 2009 
September 10, 2009 
September 11, 2009 
September 15, 2009 

2.8 
2.7 
2.2 
2.1 

176.2 
176.3 
176.8 
176.9 

C4 

September 09, 2009 
September 10, 2009 
September 11, 2009 
September 15, 2009 

Dry 
Dry 
Dry 
Dry 

- 
- 
- 
- 

MR 
10+075Lt. 

September 09, 2009 
September 10, 2009 
September 11, 2009 
September 15, 2009 

7.2 
7.0 
6.9 
6.8 

179.0 
179.2 
179.3 
179.4 

MR 
10+100CL 

September 09, 2009 
September 11, 2009 
September 15, 2009 

12.3 
12.3 
10.3 

173.1 
173.1 
175.1 

MR 
10+150Lt. 

Destroyed by 
Construction Activity - - 
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Table 5.2 – Water Level Measurements (North West Quadrant) 

Borehole Date Water Levels
Depth (m) Elevation (m) 

NEW 
10+350CL 

September 10, 2009 
September 11, 2009 
September 15, 2009 

4.9 
4.3 
4.2 

176.0 
176.6 
176.7 

NW 
10+000Rt. 

September 10, 2009 
September 11, 2009 
September 15, 2009 

Dry 
Dry 
4.4 

- 
- 

175.8 

NE 
10+450CL 

September 10, 2009 
September 11, 2009 
September 15, 2009 

1.9 
1.8 
1.5 

178.3 
178.4 
178.7 

ES 
10+000Rt. 

September 10, 2009 
September 11, 2009 
September 15, 2009 

12.6 
12.0 
11.2 

172.3 
172.9 
173.7 

ES 
10+050CL 

September 10, 2009 
September 11, 2009 
September 15, 2009 

12.3 
12.3 
12.2 

173.6 
173.6 
173.7 

EWS 
10+100Rt. 

September 10, 2009 
September 11, 2009 
September 15, 2009 

Dry 
Dry 
Dry 

- 
- 
- 

EWS 
10+150CL 

September 10, 2009 
September 11, 2009 
September 15, 2009 

Dry 
Dry 
Dry 

- 
- 
- 

WS 
10+025CL 

September 10, 2009 
September 11, 2009 
September 15, 2009 

7.9 
7.3 
6.6 

172.3 
172.9 
173.6 

MR 
9+850Rt. 

September 10, 2009 
September 11, 2009 
September 15, 2009 

6.0 
4.6 
3.9 

173.8 
175.2 
175.9 

MR 
9+950Rt. 

Destroyed by 
Construction Activity - - 

The groundwater table was estimated based on the recorded water levels in standpipe piezometers, 
our review of moisture contents of the retrieved samples and the change in colour of the soil matrix 
from brown to grey.   

This interpretation indicates a groundwater table that is estimated to range between Elev. ±176.0 m 
and Elev. ±177.0 m.  Perched water can also be expected to occur where permeable layers of sands 
and silts and sand and gravel are underlain by relatively impermeable silty clay layers.   

All ground water observations at this site are short term and the levels are expected to fluctuate 
seasonally and after severe weather events.   
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FOUNDATION DESIGN REPORT 

HIGH FILLS AT MERRITT ROAD INTERCHANGE 

HIGHWAY 406 TWINNING 

ONTARIO 

AGREEMENT No. 2008-E-0016, W.P. 280-99-00, GEOCRES No.: 30M3-252 

 

PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS 

 

6 GENERAL 

This report contains interpretation of the geotechnical data in the factual report and presents 
geotechnical design recommendations to assist the design team to select and design suitable 
embankments for the proposed interchange. 

Seven ramps will be constructed as part of this interchange.  Ramp 406N-Merritt Road W, Ramp 
406N-Merritt Road E, Merritt Road E-406S and Merritt Road W-406S will be constructed in the 
northwest quadrant of the interchange.  Ramp 406S-Merritt Road E/W, Merritt Road E-406N and 
Merritt Road W-406N will occupy the southeast quadrant.  Merritt Road will cross over Highway 
406 via an underpass that is currently under construction.   

The Merritt Road underpass and portions of its approach embankments are currently under 
construction under Contract No. 2009-2003, W.P. 2024-08-00.  The limits of this contract on 
Merritt Road extend from Sta. 9+752 to Sta. 10+173.   

The west approach will extend approximately 50 m from the west bridge abutment to Sta. 9+915 
where the design grade will be approximately Elev. ±188 m.  From Sta. 9+915 the embankment 
will be sloped at 2H:1V with a temporary toe at Sta. 9+895.  The east approach will extend about 
22 m from the east bridge abutment to Sta. 10+060 where the design grade will be approximately 
Elev. ±188.5 m.  From Sta. 10+060 the approach embankment will be sloped at 2H:1V with a 
temporary toe at Sta. 10+075.   

Design grades and embankment heights at this interchange are outlined below. 

• Merritt Road.  The embankment height approaches 4 m (Elev. ±185 m) at Sta. 9+790 
increasing to a maximum height of about 8.5 m (Profile Elev. ±188 m) at Sta. 9+915.  
Further west the embankment height will be about 9.5m at Sta. 10+060 decreasing 
gradually to approximately 4 m (Elev. ±185 m) at Sta. 10+200.   

• Ramp 406N-Merritt Road W.  At Sta. 10+000 the embankment height is approximately 
4 m (Profile Elev. 184.7 m) increasing to ±4.8  (Profile Elev. 185 m) at Sta. 10+025 then 
falling gradually to Sta. 10+110 where the height of the embankment is estimated to be 
about 4 m (Profile Elev. ±183.1 ).   
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• Ramp 406N-Merritt Road E.  At Sta. 10+390 the embankment height is approximately 4 m 
(Profile Elev. 184.5 m) increasing to ±6 m  (Profile Elev. 186 m) at Sta. 10+455. 

• Merritt Road E-406S.  At Sta. 10+000 the embankment will be about 8 m high (Profile 
Elev. 188 m) gradually reducing to 4 m height (Profile Elev. ±184.7 m) at Sta. 10+110.   

• Merritt Road W-406S.  At Sta. 10+000 the embankment will be about 6.5 m high (Profile 
Elev. 186.5 m) gradually reducing in height to 5.5 m (Profile Elev. ±185.8 m) at 
Sta. 10+045.   

• Ramp 406S-Merritt Road E/W.  The embankment height will be approximately 4 m 
(Profile Elev. ±182.6 m) at Sta. 10+225 increasing to a maximum height of about 6 m 
(Profile Elev. ±186 m) at Sta. 10+375.   

• Ramp Merritt Road W-406N.  The maximum embankment height of the W-N Ramp will 
be about 8 m (Profile Elev. ±188 m) at Sta. 10+000 decreasing to about 4 m at Sta. 10+170 
where a design grade of Elv. ±182.5 is proposed.   

• Ramp Merritt Road E-406N.  The E-N ramp is approximately 50 m long and based on an 
approximate design grade of Elev. ±186.5 m the height of this embankment is estimated to 
be about 6.5 m.   

The discussion and recommendations presented herein are based on our understanding of the 
project and on the factual data obtained in the course of the investigations. 

7 EMBANKMENT STABILITY 

Embankments constructed at conventional 2H:1V slopes in the Niagara area have historically 
performed below par.  Shallow surficial failures usually occur on the face of these slopes thereby 
requiring frequent maintenance in order to prevent more significant deep-seated failures.   

Recent studies conducted by the Ministry indicate that these shallow surficial failures occur 
because of the mineralogy of the local soils and its inherent effect on the effective shear strength of 
the local clay fill.  Poor performance was also attributed to climatic effects including precipitation, 
wetting and drying cycles, snow melt and freezing and thawing cycles.   

The historical performance of existing embankments was considered when selecting embankment 
alternatives for this project.  The selected alternatives are outlined below and a summary of the 
advantages, disadvantages, risks/consequences and approximate costs of each alternative is 
presented in Appendix E.   

• Embankments consisting of local earth borrow. 
• Composite embankment consisting of a local earth borrow core protected with a 

Granular A face. 
• Embankments consisting of SSM imported from a designated source. 
• Reinforced earth embankments consisting of local earth borrow.   
• Embankments consisting of lightweight fill. 
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The global, internal and surficial stability of the embankments will depend on their slope 
geometries and also to a large degree on the material used to construct the embankment.  For the 
purpose of embankment stability analyses, the commercially available slope stability program 
Slide 5.0 developed by Rocscience Inc. was used.  The Janbu, Morgenstern-Price and Bishop’s 
simplified method for stability analysis were employed and a minimum target factor of safety 1.3 
was established.   

For the undrained (short-term) analyses, the measured field vane results were corrected by applying 
a vane shear correction factor (intended to compensate for pore-pressure and shearing-rate effects 
during field testing) in accordance with Morris and Williams (1994)3.  The corrected undrained 
shear strengths were plotted against elevation (Figures F1 and F2) and a design shear strength line 
was established.  The soil parameters used for the slope stability analyses are presented in 
Table 7.1.    

Table 7.1 – Soil Parameters 

Material Type 
Short-Term Analysis Long-Term Analysis

φ 
(degrees) 

c 
(kPa) 

γ
(kN/m3) 

φ’ 
(degrees) 

c' 
(kPa) 

γ
(kN/m3) 

Local Earth Fill 31 0 19.0 31 0 19.0 
Granular A 35 0 22.8 35 0 22.8 
Select Subgrade Material 32 0 20.0 32 0 20.0 
Lightweight Fill* 35 0 14.5 35 0 14.5 
Ultra Lightweight Fill* 35 0 11.5 35 0 11.5 
Upper Silty Clay 0 100 20.5 29 7 20.5 
Lower Silty Clay 0 50-55 20.0 27 5 20.0 

*  Pelletized Blast Furnace Slag – Reference Lafarge Canada Inc. 

In our analysis we incorporated a 2 m wide mid-height berm for embankment heights equal to or 
greater than 8 m.  A reinforcement length equivalent to 70% of the embankment height was used 
for the analysis of RSS embankments.   

The composite embankment was modelled as a core of local earth fill material with a Granular “A’ 
facing as depicted in Figure F3.  Constructing this type of embankment requires benching the earth 
core/Granular ‘A’ interface in accordance with OPSD 208.010.   

Numerous stability analyses were conducted and the minimum factors of safety obtained for the 
various embankment options are summarized in Tables 7.2 and 7.3.  The slope stability models and 
results are also illustrated in Appendix F.   

Table 7.2 – Merritt Road – South East Quadrant 

Embankment Composition Design Side 
Slope 

Minimum Factor of 
Safety Short-Term 

Minimum Factor of 
Safety Long-Term 

Local Earth Fill (Fig. 1’s) 3H:1V 1.7 2.1 
Composite Embankment Fig. 2’s) 2.5H:1V 1.6 1.8 
SSM Embankment (Fig. 3’s) 2H:1V 1.5 1.4 
RSS Embankment (Fig. 4’s) 2H:1V 1.7 1.8 
Light Weight Fill (Fig. 5’s) 2H:1V 1.6 1.6 
Ultra Light Weight Fill (Fig. 6’s) 2H:1V 1.6 1.6 

                                            
3 Morris, P.M., and Williams, D.T. (1994). “Effective Stress Vane Shear Strength Correction Factor Correlations,” Canadian 
Geotechnical Journal, Vol.31, No.3, pp. 335-342. 
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Table 7.3 - Merritt Road – North West Quadrant 

Embankment Composition Design Side 
Slope 

Minimum Factor of 
Safety Short-Term 

Minimum Factor of 
Safety Long-Term 

Local Earth Fill (Fig. 7’s) 3H:1V 1.7 2.1 
Composite Embankment (Fig. 8’s) 2.5H:1V 1.6 1.8 
SSM Embankment (Fig. 9’s) 2H:1V 1.4 1.4 
RSS Embankment (Fig. 10’s) 2H:1V 1.7 1.8 
Light Weight Fill (Fig. 11’s) 2H:1V 1.6 1.6 
Ultra Lightweight Fill (Fig. 12’s) 2H:1V 1.6 1.6 

Where earth fill, SSM or lightweight fill embankments are higher than 8 m, mid-height berms 
should be incorporated in the design.  The berms should: 

• extend for the length through which the embankment height exceeds 8 m 
• be at least 2 m wide 
• have 2% positive drainage to shed run-off water. 

8 EMBANKMENT SETTLEMENT 

To predict the magnitude and time rate of settlement of the underlying silty clay soils the 
commercially available program Settle 3D developed by Rocscience Inc. was used.  The highest 
embankment sections (next to the bridge approaches) and the areas where the off-ramps will tie 
into the Merritt Road embankments were selected as critical sections.   

The deformation parameters used for the analyses were established from data obtained from 
consolidation tests as well as from predictions based on undrained shear strengths, laboratory index 
tests and soil moisture contents.   

Pre-consolidation pressures were estimated from the consolidation test e-log p curves and the 
Strain-Energy method proposed by Becker (1987).  The empirical correlation suggested in the 
literature by Skempton (1957) was also used to estimate preconsolidation pressures.  Profiles of the 
preconsolidation pressure design lines (representing a design range) versus elevation are illustrated 
in Figures G1 and G2.  The vertical effective overburden stress is also plotted on these figures.   

Values of the compression index (Cc) and recompression index (Cr) were estimated from the 
consolidation tests as well as from laboratory index test data using empirical correlations proposed 
in literature by Kulhawy and Mayne (1990), Terzaghi and Peck (1967) and Nagaraj and Murty 
(1985).  Profiles of the design lines (representing a design range) versus elevation are shown on 
Figures G3 to G6.   

Initial void ratio (eo) values were estimated from the consolidation tests as well as from empirical 
correlations proposed in the literature by Moh and Kol (1989), Cozzolino (1961), Nishida (1956) 
and Rendon-Herro (1983).  Profiles of the design lines (representing a design range) versus 
elevation are shown on Figures G7 and G8.   

The data indicates that an over-consolidated desiccated upper crust exists within the silty clay 
stratum.  There is a wide scatter in the data and a slight variation of Pc with depth.  Therefore the 
two rows of data represent the range of values for the upper and lower half of the two strata.  The 
parameters used for the settlement calculations are tabulated as follows. 
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Table 8.1 – Settlement Parameters - Merritt Road Interchange 

Parameter 
South East Quadrant North West Quadrant

Upper Crust 
Lower Silty 

Clay 
Upper Crust 

Lower Silty 
Clay 

Preconsolidation Pressure Range - Pc (kPa) 
600 to 450 
500 to 400 

450 to 300 
400 to 300 

600 to 450 
500 to 400 

450 to 300 
400 to 300 

Coefficient of Compressibility - Cc 0.25 to 0.275 0.20 to 0.23 0.25 to 0.275 0.20 to 0.23 
Recompression Index - Cr 0.04 0.03 to 0.04 0.04 0.03 to 0.04 
Initial Void Ratio eo 0.65 to 0.9 1.0 0.65 to 0.9 1.0 

Settlement analyses were undertaken for various embankment compositions and geometries and the 
estimated range of total settlements at the embankment centreline are provided in Table 8.2.   

Table 8.2 – Estimated Total Consolidation Settlement At Embankment Centreline 

Type of Fill 
Unit Weight 

of Fill 
(kN/m3) 

Side Slope 
Geometry 

Settlement (mm) 
South East 
Quadrant 

(mm) 

North West 
Quadrant 

(mm) 
Local Earth Fill 19.0 3H:1V 95 - 145 95 – 145 
Composite Embankment 19.5 2.5H:1V 95 - 145 95 - 145 
SSM & RSS 20.0 2H:1V 95 – 150 95 – 150 
Lightweight Fill* 14.5 2H:1V 80 – 125 80 – 125 
Ultra Lightweight Fill* 11.5 2H:1V 70 – 110 70 – 110 

*  Pelletized Blast Furnace Slag – Reference Lafarge Canada Inc. 

The embankment fill will also settle (fill compression) and this settlement is expected to be about 
1% of the fill height for local earth fill, composite, SSM & RSS embankments.  A value of 0.5% of 
the fill height is recommended for Lightweight and Ultra Lightweight fill embankments.  The 
settlement within non-cohesive fill should be immediate in nature and essentially be complete 
shortly after construction is complete.   

The length of time required to complete consolidation settlement of the foundation strata is a 
function of the value of the coefficient of consolidation of the native silty clay strata and the 
assumed depth of drainage path.  Given the very stiff to hard consistency, heavily over-
consolidated and likely fractured nature of the desiccated upper crust, it is reasonable to assume 
that consolidation/recompression will occur quickly in the crust and that the rate of consolidation 
will be primarily controlled by the coefficient of consolidation and thickness of the underlying firm 
to stiff silty clay stratum.  The coefficient of consolidation was estimated to range between   
2.8x10-2 cm2/s and 3.2x10-2 cm2/s.   

Tabulated below is the range of predicted settlements at various time periods. 

Embankment Type 
Settlement At Various Time Periods

(mm) 
Total 

Settlement 
(mm) 6 months 12 months 18 months 24 months 

Local Earth Fill 75 – 100 85 – 110 90 – 115 95 – 140 95 – 145 
Composite Embankment 75 – 100 85 – 110 90 – 115 95 – 140 95 – 145 
SSM & RSS 75 – 105 85 – 115 90 – 120 95 – 140 95 – 150 
Lightweight Fill* 65 – 85 70 – 95 75 – 100 80 – 120 80 – 125 
Ultra Lightweight Fill* 60 – 80 65 – 85 65 – 90 70 - 105 70 – 110 

*  Pelletized Blast Furnace Slag – Reference Lafarge Canada Inc. 
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It is understood that a maximum allowable post construction settlement of about 50 mm would be 
considered acceptable for this project and the analysis indicates that after embankment 
construction, an approximate 6 month waiting period is required in order to meet this performance 
criteria.  Given the uncertainty in predicting accurately the time rate of settlement, we recommend 
that conventional temporary surcharging be carried out (2 m of additional earth fill height) to 
accelerate the settlement and ensure full consolidation within the target 6 months after embankment 
construction.  Other means/methods of accelerating the settlement such as wick drains are therefore 
not warranted.   

Surcharged embankments were analysed for stability in accordance with the recommended side 
slopes in Figures I1 to I3 and the analyses yielded factors of safety equal to or greater than a target 
factor of safety of 1.3.   

Settlement monitoring is a requirement to confirm that most of the settlement is complete prior to 
commencing paving operations.  A special provision for the supply and installation of embankment 
monitoring equipment is provided in Appendix H. 

9 SOIL STRUCTURE INTERACTION 

It is noted that the Merritt Road underpass and portions of the approach embankments are currently 
being constructed under Contract No. 2009-2003, W.P. 2024-08-00.  Construction drawings 
indicate that approximately 50 m of the west approach and about 22 m of east approach (measured 
from the bridge abutments) will be constructed with the structure.   

These previously completed approach embankments would have imparted downdrag loads on the 
foundations of the new structure.  Although new embankments will subject the underlying soils to 
additional loads, these loads will be equal to or less than the applied loads of the existing 
embankments.  Hence, placing new fill against the existing embankments is not expected to 
increase the magnitude of the current downdrag loads on the structure foundations.   

10 SEISMIC CONSIDERATIONS 

10.1 Liquefaction Potential 

Liquefaction is not considered to be an issue at this site.  The underlying silty clay soils are not 
prone to liquefaction.   

11 CONSTRUCTION CONSIDERATIONS 

It is recommended that the topsoil, any deleterious material and soft/loose and other unsuitable 
soils be removed within an envelope given by an imaginary slope not steeper than 1H:1V from the 
toe of the proposed embankment.  Borrow material must meet the requirements of OPSS 212, 
(2008).  Grading shall be undertaken in accordance with OPSS 201, (2007) and OPSS 206, (2009).  
Based on the borehole data and information from Contract No. 2009-2003, the recommended 
stripping depths and subgrade elevations of the proposed embankments are: 



High Fills - Merritt Road Interchange, Highway 406 Twinning September 03, 2010 
W.P. 280-99-00  File No. 1-09-4135 
 

 
 
                    Terraprobe Inc.   21 

 

Location From Station To Station 
Average 

Stripping Depth 
(m) 

Recommended 
Subgrade Elevation 

(m) 

Merritt Road 
West Approach 

9+750 9+790 ±0.3 ±181.0 
9+790 9+850 ±0.2 ±180.0 
9+850 9+895 ±0.5 ±179.5* 

Merritt Road 
East Approach 

10+075 10+140 ±1.0 ±179.0* 
10+140 10+225 ±0.3 to ± 1.0 ±179.5 

* Based on excavating existing stockpile material to Elev. 180 m under Contract No. 2009-2003, W.P. 2024-08-00 
 

Location From Station To Station 
Estimated 

Stripping Depth 
(m) 

Recommended 
Subgrade Elevation 

(m) 
Ramp  

N-Merritt Road W 
10+000 10+075 ±0.7 ±179.5 
10+075 10+110 ±0.7 ±179.0 

Ramp  
406N-Merritt Road E  10+350 10+460 ±0.2 to ± 0.9 ±180.0 

 

Location From Station To Station 
Estimated 

Stripping Depth 
(m) 

Recommended 
Subgrade Elevation 

(m) 

Ramp  
Merritt Road E-406S 

10+025 10+070 ±0.0 ±180.0* 
10+070 10+100 ±0.5 to ± 0.7 ±180.0 
10+100 10+150 ±0.6 ±180.5 

Ramp  
Merritt Road W-406S  10+000 10+045 ±0.2 to ± 0.7 ±180.0 

* Based on excavating existing stockpile material to Elev. 180 m under Contract No. 2009-2003, W.P. 2024-08-00 
 

Location From Station To Station 
Estimated 

Stripping Depth 
(m) 

Recommended 
Subgrade Elevation 

(m) 

Ramp  
406S-Merritt Road E/W 

10+200 10+275 ±0.4 to ± 0.7 ±178.0 
10+325 10+365 ±0.0 to ± 0.5 ±179.0 
10+365 10+380 ±0.5 ±180.0 

 

Location From Station To Station 
Estimated 

Stripping Depth 
(m) 

Recommended 
Subgrade Elevation 

(m) 

Ramp  
Merritt Road W-406N 

10+000 10+025 ±0.0 to 0.4 ±180.0* 
10+025 10+060 ±0.3 ±180.5 
10+060 10+175 ±0.0 to ± 0.2 ±179.0 

Ramp  
Merritt Road E-406N  

10+000 10+020 ±0.5 ±180.0 
10+020 10+045 ±0.2 to ± 0.5 ±179.0 

* Based on excavating existing stockpile material to Elev. 180 m under Contract No. 2009-2003, W.P. 2024-08-00 

After stripping, the exposed subgrade should be inspected, approved and properly compacted from 
the surface in accordance with OPSS 501.  If the silty clay soils at this site become wet they will be 
weakened when subjected to construction traffic.  To facilitate construction operations in inclement 
weather (when stripping to the recommended subgrade elevation) surface water runoff should be 
controlled by gravity drainage and a system of interceptor trenches.  In wet weather an 
approximately 200 mm thick free draining granular layer would also be required to minimize 
disturbance and maintain trafficability of construction equipment.   
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TABLE 1 

 

DOCUMENT TITLE 

OPSS 201 Construction Specification for Clearing, Close Cut Clearing, Grubbing and 
Removal of Surface and Piled Boulders. 

OPSS 206 Construction Specification for Grading. 
OPSS 212 Construction Specification of Borrow. 
OPSS 501 Construction Specification for Compacting. 
OPSS 571 Construction Specification for Sodding. 
OPSS 572 Construction Specification for Seed and Cover.  

OPSS 577 Construction Specification for Temporary Erosion and Sediment Control 
Measures.  

OPSD 208.010 Benching of Earth Slopes.   
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COMPARISON OF EMBANKMENT ALTERNATIVES 

Local Earth Borrow Composite Embankment SSM Embankment RSS Embankment Light Weight Fill 

Advantages:  
i. Material readily available and 

less costly to import.   
ii. Easy to place and compact. 

  
Disadvantages: 
i. Requires relatively flat 3H:1V 

side slopes because of known 
performance related issues 
with cohesive fill.   

ii. Requires a larger embankment 
footprint that may conflict with 
adjacent highway elements. 

iii. Must be instrumented and 
monitored until consolidation 
settlement is complete.   

Advantages: 
i. Can be constructed at steeper 

side slopes compared to local 
earth borrow. 

ii. Smaller embankment footprint 
than local earth borrow.   

 
Disadvantages: 

i. Relatively high construction 
effort required i.e. benching 
and placement of dissimilar 
materials.   

ii. More costly than using local 
earth borrow. 

iii. Little MTO case history on 
performance.   

iv. Must be instrumented and 
monitored until consolidation 
settlement is complete  

Advantages:  
i. Can be constructed at 

conventional 2H:1V slopes.   
ii. Conventional embankment 

footprint.   
iii. Proven reliable performance 

on MTO projects.  
 

Disadvantages: 
i. More costly than earth borrow.   
ii. Requires stringent quality 

control to ensure that only 
approved material is selected 
and used.   

iii. Must be instrumented and 
monitored until consolidation 
settlement is complete   

Advantages:  
i. Can be constructed at 2H:1V 

slopes or steeper.   
ii. Small embankment footprint.   
iii. Proven reliable performance 

on MTO projects.  
 

Disadvantages: 
i. More costly than earth borrow.  
ii. Higher construction effort 

required to widen 
embankments in the future.   

iii. Must be instrumented and 
monitored until consolidation 
settlement is complete  

Advantages:  
i. Can be constructed at 2H:1V 

slopes.   
ii. Conventional embankment 

footprint used.   
iii. Proven reliable performance 

on MTO projects.  
iv. Will induce the least amount of 

settlement of underlying soils. 
 
Disadvantages: 

i. Relatively high cost compared 
to other options.   

ii. Must be instrumented and 
monitored until consolidation 
settlement is complete.  

Risks/Consequences 
i. Low risk of future stability 

issues and less costly 
preventative maintenance 
provided 3H:1V slopes are 
used.   

ii. Larger footprint area may 
conflict with adjacent highway 
elements.   

Risks/Consequences 
i. Low risk of shallow failures. 
ii. No documented MTO case 

history on performance. 
iii. Large footprint area may 

conflict with adjacent highway 
elements.   

Risks/Consequences 
i. Very low risk of failure. 
ii. Relatively higher material cost. 

Risks/Consequences 
i. Very low risk of failure. 
ii. Higher construction effort 

required to widen embankment 
in the future.   

Risks/Consequences 
i. Very low risk of failure. 

APPROXIMATE COSTS 

$ 7.65 per cubic metre $ 46.00 per cubic metre $ 23.00 per cubic metre $98.00 per square metre $80.00 per cubic metre 
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Job No.: 1-09-4135
Section: Merritt Road, South East Quadrant
Method: Bishop simplified
Slope: 2H:1V
Condition: Undrained

MATERIAL PROPERTIES

1 Material: Ultra Light Weight Fill
   Unit Weight: 11.5 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 35 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 100 kPa
   Friction Angle: 0 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 50 kPa
   Friction Angle: 0 degrees
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Job No.: 1-09-4135
Section: Merritt Road, South East Quadrant
Method: Bishop simplified
Slope: 2H:1V
Condition: Drained

MATERIAL PROPERTIES

1 Material: Ultra Light Weight Fill
   Unit Weight: 11.5 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 35 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 7 kPa
   Friction Angle: 29 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 5 kPa
   Friction Angle: 27 degrees
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Job No.: 1-09-4135
Section: Merritt Road, North West Quadrant
Method: Bishop simplified
Slope: 3H:1V
Condition: Undrained

MATERIAL PROPERTIES

1 Material: Local Earth Fill
   Unit Weight: 19 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 31 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 100 kPa
   Friction Angle: 0 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 55 kPa
   Friction Angle: 0 degrees
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Job No.: 1-09-4135
Section: Merritt Road, North West Quadrant
Method: Bishop simplified
Slope: 3H:1V
Condition: Drained

MATERIAL PROPERTIES

1 Material: Local Earth Fill
   Unit Weight: 19 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 31 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 7 kPa
   Friction Angle: 29 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 5 kPa
   Friction Angle: 27 degrees
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Job No.: 1-09-4135
Section: Merritt Road, North West Quadrant
Method: Bishop simplified
Slope: 2.5H:1V
Condition: Undrained

MATERIAL PROPERTIES

1 Material: Local Earth Fill
   Unit Weight: 19 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 31 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 100 kPa
   Friction Angle: 0 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 55 kPa
   Friction Angle: 0 degrees

4 Material: Granular A
   Unit Weight: 22.8 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 35 degrees
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Job No.: 1-09-4135
Section: Merritt Road, North Westt Quadrant
Method: Bishop simplified
Slope: 2.5H:1V
Condition: Drained

MATERIAL PROPERTIES

1 Material: Local Earth Fill
   Unit Weight: 19 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 31 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 7 kPa
   Friction Angle: 29 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 5 kPa
   Friction Angle: 27 degrees

4 Material: Granular A
   Unit Weight: 22.8 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 35 degrees
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Job No.: 1-09-4135
Section: Merritt Road, North West Quadrant
Method: Bishop simplified
Slope: 2H:1V
Condition: Undrained

MATERIAL PROPERTIES

1 Material: SSM
   Unit Weight: 20 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 32 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 100 kPa
   Friction Angle: 0 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 55 kPa
   Friction Angle: 0 degrees
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Job No.: 1-09-4135
Section: Merritt Road, North West Quadrant
Method: Bishop simplified
Slope: 2H:1V
Condition: Drained

MATERIAL PROPERTIES

1 Material: SSM
   Unit Weight: 20 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 32 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 7 kPa
   Friction Angle: 29 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 5 kPa
   Friction Angle: 27 degrees
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Job No.: 1-09-4135
Section: Merritt Road, North West Quadrant
Method: Bishop simplified
Slope: 2H:1V
Condition: Undrained

MATERIAL PROPERTIES

1 Material: Local Earth Fill
   Unit Weight: 19 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 31 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 100 kPa
   Friction Angle: 0 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 55 kPa
   Friction Angle: 0 degrees

4 Material: RSS
   Unit Weight: 20 kN/m3
   Cohesion: Infinite
   Friction Angle: Infinite
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Job No.: 1-09-4135
Section: Merritt Road, North West Quadrant
Method: Bishop simplified
Slope: 2H:1V
Condition: Drained

MATERIAL PROPERTIES

1 Material: Local Earth Fill
   Unit Weight: 19 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 31 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 7 kPa
   Friction Angle: 29 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 5 kPa
   Friction Angle: 27 degrees

4 Material: RSS
   Unit Weight: 20 kN/m3
   Cohesion: Infinite
   Friction Angle: Infinite
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Job No.: 1-09-4135
Section: Merritt Road, North West Quadrant
Method: Bishop simplified
Slope: 2H:1V
Condition: Undrained

MATERIAL PROPERTIES

1 Material: Light Weight Fill
   Unit Weight: 14.5 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 35 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 100 kPa
   Friction Angle: 0 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 55 kPa
   Friction Angle: 0 degrees

Terraprobe
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Job No.: 1-09-4135
Section: Merritt Road, North West Quadrant
Method: Bishop simplified
Slope: 2H:1V
Condition: Drained

MATERIAL PROPERTIES

1 Material: Light Weight Fill
   Unit Weight: 14.5 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 35 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 7 kPa
   Friction Angle: 29 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 5 kPa
   Friction Angle: 27 degrees
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Job No.: 1-09-4135
Section: Merritt Road, North West Quadrant
Method: Bishop simplified
Slope: 2H:1V
Condition: Undrained

MATERIAL PROPERTIES

1 Material: Ultra Light Weight Fill
   Unit Weight: 11.5 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 35 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 100 kPa
   Friction Angle: 0 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 55 kPa
   Friction Angle: 0 degrees
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FIGURE 12AA (ULTRA LIGHT WEIGHT FILL)
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Job No.: 1-09-4135
Section: Merritt Road, North West Quadrant
Method: Bishop simplified
Slope: 2H:1V
Condition: Drained

MATERIAL PROPERTIES

1 Material: Ultra Light Weight Fill
   Unit Weight: 11.5 kN/m3
   Cohesion: 0 kPa
   Friction Angle: 35 degrees

2 Material: Upper Silty Clay
   Unit Weight: 20.5 kN/m3
   Cohesion: 7 kPa
   Friction Angle: 29 degrees

3 Material: Lower Silty Clay
   Unit Weight: 20 kN/m3
   Cohesion: 5 kPa
   Friction Angle: 27 degrees
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MERRITT ROAD INTERCHANGE - SOUTHEAST QUADRANT

Silty Clay

Eq. 1 Pc = Cu / (0.11 + 0.0037 * IP) Skempton (1957)
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PREDICTED AND MEASURED PRECONSOLIDATION STRESS FIGURE G1
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MERRITT ROAD INTERCHANGE - NORTHWEST QUADRANT

Silty Clay

Eq. 1 Pc = Cu / (0.11 + 0.0037 * IP) Skempton (1957)

  Project No. : Prepared By : HW

  Date : Checked By : RA

FIGURE G2

Terraprobe Inc.

F:
\1

-0
9-

41
35

 S
oi

l P
ar

am
et

er
 E

st
im

at
io

n-
M

er
rit

t N
W

.x
ls

September, 2010

1-09-4135

PREDICTED AND MEASURED PRECONSOLIDATION STRESS

168

169

170

171

172

173

174

175

176

177

178

179

180
0 200 400 600 800 1,000

Pc (kPa)

El
ev

at
io

n 
(m

)

Eq. 1
Casagrande
Strain Energy

Effective 
Overburden 

Pressure

Design Pc 
Range



MERRITT ROAD INTERCHANGE - SOUTHEAST QUADRANT

Silty Clay

Eq. 1 Cc = Ip / 74 Kulhawy & Mayne (1990)
Eq. 2 Cc = 0.009 * ( LL - 10 ) Terzaghi & Peck (1967)
Eq. 3 Cc = 0.2343 * LL * Gs Nagaraj & Murty (1985)

  Project No. : Prepared By : HW

  Date : Checked By : RA

FIGURE G3
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MERRITT ROAD INTERCHANGE - NORTHWEST QUADRANT

Silty Clay

Eq. 1 Cc = Ip / 74 Kulhawy & Mayne (1990)
Eq. 2 Cc = 0.009 * ( LL - 10 ) Terzaghi & Peck (1967)
Eq. 3 Cc = 0.2343 * LL * Gs Nagaraj & Murty (1985)

  Project No. : Prepared By : HW

  Date : Checked By : RA

FIGURE G4
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MERRITT ROAD INTERCHANGE - SOUTHEAST QUADRANT

Silty Clay

Eq. 1 Cr = Ip / 370 Kulhawy & Mayne (1990)
Eq. 2 Cr = Cc / 5 ~ Cc / 10

  Project No. : Prepared By : HW

  Date : Checked By : RA

FIGURE G5
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MERRITT ROAD INTERCHANGE - NORTHWEST QUADRANT

Silty Clay

Eq. 1 Cr = Ip / 370 Kulhawy & Mayne (1990)
Eq. 2 Cr = Cc / 5 ~ Cc / 10

  Project No. : Prepared By : HW

  Date : Checked By : RA

FIGURE G6
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MERRITT ROAD INTERCHANGE - SOUTHEAST QUADRANT

Silty Clay

Eq. 1 eo = ω * Gs when saturated

Eq. 2 eo = Cc / 0.54 + 0.23 Moh & Kol (1989)

Eq. 3 eo = ( Cc - 0.256 ) / 0.43 + 0.84 Cozzolino (1961)

Eq. 4 eo = Cc / 1.15 + 0.35 Nishida (1956)

Eq. 5 eo = ( Cc / 0.141)0.4202 * Gs0.4958 - 1 Rendon - Herrero (1983)

  Project No. : Prepared By : HW

  Date : Checked By : RA

FIGURE G7
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MERRITT ROAD INTERCHANGE - NORTHWEST QUADRANT

Silty Clay

Eq. 1 eo = ω * Gs when saturated

Eq. 2 eo = Cc / 0.54 + 0.23 Moh & Kol (1989)

Eq. 3 eo = ( Cc - 0.256 ) / 0.43 + 0.84 Cozzolino (1961)

Eq. 4 eo = Cc / 1.15 + 0.35 Nishida (1956)

Eq. 5 eo = ( Cc / 0.141)0.4202 * Gs0.4958 - 1 Rendon - Herrero (1983)

  Project No. : Prepared By : HW
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SUPPLY AND INSTALLATION OF EMBANKMENT MONITORING EQUIPMENT – 
Item No.  
 
 
Special Provision 
 
1.0 GENERAL 
 

1.1 Scope 
 

This special provision contains the requirements for the supply and installation of the 
following geotechnical instruments: 
 
• Settlement Plates (SP) 
• Survey Benchmark/s (BM) 
 
1.2 Purpose 

 
The purpose of these instruments is to monitor settlements in the foundation soils under 
the new embankments.  The data will be used for planning final paving operations.  
Settlements will be measured by level surveying of the top of the settlement rods.   
 
The final paving operations shall be controlled by the instrumentation readings. 
 
1.3 Personnel 

 
The Contractor shall retain a Geotechnical Consultant with MTO classification of 
“Geotechnical (Structures and Embankments) – Medium Complexity”, to undertake the 
supply and installation of geotechnical instruments. 
 
The Contractor (as referenced herein) shall be understood to refer to the Contractor and 
their Geotechnical Consultant. 
 
1.4 Or equal 

 
The term “or equal” shall be understood to indicate that the equal product is the same or 
better than the specified product in function, performance, reliability, quality and general 
configuration.   
 
1.5 Notification 

 
The Contract Administrator shall be notified a minimum of 15 working days in advance 
of commencing the installation of instruments. 



1.6 Submission Requirements 
 

The Contractor shall submit details of proposed installations including: 
• Design and construction drawings, including equipment layout; 
• Installation methodology and timing; 
• Equipment and material specifications, data sheets; 
• Location and types of survey benchmarks; and 
• Installation schedule. 

 
Submissions shall be made to the Contract Administrator a minimum of 15 days before 
the start of the instrument installation.   
 
1.7 Subsurface Conditions 

 
The subsurface conditions at the site(s) are described in the report: 
 
• Foundation Investigation Report – High Fills, Merritt Road Interchange, 

Highway 406 Twinning, Ontario, W.P. 280-99-00, dated September 03, 2010, by 
Terraprobe Inc.   

 
The owner warrants that the information provided in the report can be relied upon with 
the following exceptions. 
 

1. Any interpretations of the data or opinions expressed in the report are not 
warranted; and 

2. Although the raw measured data presented is warranted, the Contractor must 
satisfy himself as to the sufficiency of the information presented and obtain any 
updated or additional information, and perform any studies, analysis or 
investigations the Contractor deems necessary in order to prepare his design, at 
no additional cost to the Owner.   

 
1.8 Equipment Operation and Weather Conditions 

 
All installations and monitoring equipment and associated materials shall be capable of 
withstanding the range of temperatures possible for their location within the ground or on 
the surface.  The instruments shall be capable of operating within the manufacturer’s 
stated accuracy throughout the temperature range.  Monitoring shall be conducted year 
round and the Contractor is advised that the equipment should be accessible for 
monitoring throughout the duration of the Contract. 
 



2.0 INSTALLATION  
 
A summary of instrumentation requirements is given in Table 2.1.  Details and specific material 
requirements are presented elsewhere in this special provision.   
 

Table 2.1 – Settlement Plates & Benchmark Quantities and Locations 
 

INSTRUMENT 
I.D. STATION OFFSET FROM 

CENTRELINE 

NO. OF 
INSTRUMENTS 

SP 
South East Quadrant 

SP1 406S-E/W 10+250 CL 1 
SP2 406S-E/W 10+300 CL 1 
SP3 406S-E/W 10+350 CL 1 
SP4 Merritt W-N 10+025 CL 1 
SP5 Merritt W-N 10+075 CL 1 
SP6 Merritt W-N 10+125 CL 1 
SP7 Merritt W-N 10+175 CL 1 
SP8 Merritt E-N 10+040 CL 1 
SP9 Merritt Road 10+075 CL 1 
SP10 Merritt Road 10+125 CL 1 
SP11 Merritt Road 10+150 CL 1 
SP12 Merritt Road 10+175 CL 1 
SP13 Merritt Road 10+200 CL 1 
BM1 N/A N/A 1 

North West Quadrant 
SP14 406N-E 10+375 CL 1 
SP15 406N-E 10+425 CL 1 
SP16 406N-W 10+025 CL 1 
SP17 406N-W 10+075 CL 1 
SP18 Merritt E-S 10+075 CL 1 
SP19 Merritt E-S 10+100 CL 1 
SP20 Merritt E-S 10+125 CL 1 
SP21 Merritt Road 9+775 CL 1 
SP22 Merritt Road 9+825 CL 1 
SP23 Merritt Road 9+875 CL 1 
SP24 Merritt Road 9+900 CL 1 
BM2 N/A N/A 1 

Total Instruments 26 
 

2.1 Instrument Location 
 

Prior to the installation of instruments, the Contractor shall accurately survey and stake 
the location of each instrument and obtain a ground surface elevation at each instrument 
location. 
 



2.2 Survey Benchmarks (BM) 
 

The Contractor shall provide a minimum of two non-yielding deep seated survey 
benchmarks (BM) at the site.   Alternatively the contractor may select stable non-
settling points on existing structures within the area subject to approval by the 
contract administrator.   
 
The number and locations(s) of benchmark(s) shall be such that direct sighting is possible 
from all settlement rods to at least one benchmark. 
 
2.3 Accuracy of Surveying for Elevations 

 
Elevations shall be surveyed referenced to Geodetic datum to an accuracy of ± 2 mm or 
better. 
 
2.4 Monitoring Instrument Location 

 
All monitoring instruments shall be located in MTM NAD83 northing and easting 
coordinates. 
 
2.5 Materials and Equipment 

 
The Contractor shall supply all materials and equipment required for the installation of 
instrumentation unless noted otherwise. 
 
2.6 Underground Utilities 

 
The Contractor shall be responsible for locating and protecting all underground utilities 
prior to drilling boreholes for installing instruments.  Any damage to underground 
utilities caused by the Contractor’s work shall be repaired by the Contractor, at no cost to 
the Ministry. 
 
2.7 Marking and Labelling 

 
The location of any above ground monitoring fixture shall be made clearly visible to 
nearby traffic before, during and after embankment construction.  Marking shall be of 
sufficient size to be visible from a reversing vehicle and after heavy snow falls. 
 
Instruments shall be clearly labelled in the field, each instrument having a unique 
identifier.  The labelling shall remain legible for at least 1 year. 
 
2.8 Protection of Instruments 
 
All instruments shall be adequately protected by the Contractor such that they are not 
damaged during construction.  Any instrument damaged by the Contractor’s work shall 
be immediately replaced at no cost to the Ministry. 
 



2.9 Installation Program 
 
Instrument installation shall be completed before any embankment construction.  
Table 2.2 provides a summary of the installation schedule requirements. 
 

Table 2.2 – Installation Program 
 
TYPE START INSTALLATION FINISH INSTALLATION 

SP After excavating to recommended 
subgrade 

On completion of embankment 
construction 

BM Before commencement of 
embankment construction 

Before commencement of 
embankment construction 

 



3.0 BENCHMARK (BM) – SUPPLY & INSTALLATION 
 
3.1 GENERAL 
 
3.1.1 Scope 
 

This Section contains the requirements for the supply and installation of benchmark/s 
(BM). 
 
The purpose of the benchmark is to provide non-settling references for the surveying of 
settlement rods. 
 

3.1.2 General Procedure 
 

The benchmark shall be installed prior to embankment construction.  The number and 
locations of benchmarks shall be such that direct sighting is possible from all settlement 
rods to at least one benchmark.  Elevations shall be surveyed to an accuracy of ± 2mm or 
better.   
 
Prior to the installation of instruments, the Contractor shall accurately survey and stake 
the locations of each instrument and obtain a ground elevation at each instrument 
location.   
 

3.1.3 Location 
 

Benchmarks shall be located and installed outside of the area of construction activity.  
Notwithstanding the installation details provided herein the contractor may select stable 
non-settling points on existing structures within the area subject to approval by the 
contract administrator.   

 
Table 3 – Approximate Bench Mark Locations 

 

Station Offset 
(m) 

No. of 
BM 

Estimated 
Rod Anchor 

Elevation (m) 
South East Quadrant 
Outside of Construction Area N/A BM1 174.0 
North West Quadrant 
Outside of Construction Area N/A BM2 173.0 

 
3.2 MATERIALS 
 
3.2.1 General 
 
 The Contractor shall supply all materials and equipment required for the installation of 

the benchmark. 
 



3.2.2 Rod 
 
 The Contractor shall supply a steel pipe Schedule 40 with an outside diameter not less 

than 25.4 mm (1”), supplied in lengths as required to complete the installation as 
described. 

 
 The top end of each length of rod shall be threaded to receive a cap.  A rounded cap shall 

be installed at the top of the rod in such a way that a single survey point can be clearly 
identified and returned to. 

 
3.2.3 Sand 
 
 The Contractor shall supply clean washed sand.  The sand shall be Sakcrete washed 

general-purpose sand – or equal. 
 
3.2.4 Grout 
 
 The Contractor shall supply cement-bentonite grout.  A suitable grout mix design consists 

of 23 kg of bentonite (OPSS 1205), 143 litres of water and 40 kg of cement (Type G.U. – 
OPSS 1301). 

 
3.2.5 Rod Anchor Grout 
 
 The Contractor shall supply cement-bentonite grout.  A suitable grout mix design consists 

of 14 kg of bentonite (OPSS 1205), 49 litres of water and 40 kg of cement (Type G.U. – 
OPSS 1301). 

 
3.2.6 Friction Reducing Sleeve 
 
 The Contractor shall supply a friction reducing sleeve consisting of Schedule 50 – 50.8 

mm (2”) O.D. PVC pipe cut perpendicular to the axis of the pipe. 
 
3.3 INSTALLATION 
 
3.3.1 General 
 
 The Contractor shall install the benchmark in accordance with the information below. 
 
3.3.2 Borehole Installation 
 
 The borehole shall be advanced to the rod anchor elevations provided in Table 3 using 

suitable drilling techniques.  The diameter of the borehole shall be sufficient to fit the 
rod, friction reducing sleeve and rod anchor.  The sides of the borehole shall be stable and 
the borehole shall be free of drilling mud and debris.  

 
3.3.3 Rod 
 
 The coupling of the rods shall be such that all sections have the same axis and no 

separation or contraction will occur at the couplings. 
 



3.3.4 Rod Anchor 
 
 The rod shall be installed vertically in the borehole with its bottom end resting at the 

bottom of the borehole.  The bottom portion of the rod shall be fixed against the 
surrounding native soil by grouting the bottom 0.5 m of the borehole to form a 
concrete/soil anchor.  

 
 Once grouting is completed and the rod anchor grout has set, the Contractor shall pour 

0.5 m of clean sand in the borehole above the concrete/soil anchor to create a base for the 
end of the friction reducing sleeve to rest on. 

 
 The elevation of the bottom of the rod anchor shall be determined by measuring the 

length of the rod to the ground surface elevation. 
 
3.3.5 Friction Reducing Sleeve 
 
 The friction reducing sleeve shall be over the entire length of the rod above the rod 

anchor and sand. 
 
3.3.6 Installation Details 
 
 The elevation, easting and northing of the top of the benchmark rod shall be surveyed. 
 
3.4 COORDINATION WITH MONITORING 
 
3.4.1 Notification 
 
 The Contractor shall notify the Contract Administrator no later than 3 days after 

installing a benchmark.  At this time the Contractor shall also supply the following 
information to the Contract Administrator. 

 
 • Location of the rod anchor and elevation top of rod;  
 • Dates of installation; 

• Stratigraphic log of subsurface conditions at the benchmark, including drilling 
method notes;  

 • Installation notes/sketches; and 
 • Description of benchmarks, sleeve and rod anchor. 
 
3.4.2 Monitoring 
 
 Monitoring of settlements with reference to the benchmark shall be done by others.  

Monitoring shall be conducted during and following the embankment construction at the 
north and south approaches and ramp sections.  The Contractor shall provide installation 
information as specified above and provide access to the benchmark for monitoring 
including, but not limited to snow clearing in the winter.  The Contractor shall provide 
electric power and general area lighting as needed. 

 



3.5 REPORTING 
 
 The Contractor shall record and report relevant installation details to the Contract 

Administrator.  These include, but are not limited to: 
 
 • Benchmark easting, northing in MTM NAD83 coordinates; 
 • Elevation of bottom of rod anchor and top of rod relative to Geodetic datum; 
 • Dates of installation; and 
 •  Installation notes/sketches. 
 



4.0 SETTLEMENT PLATES (SP) – SUPPLY & INSTALLATION 
 
4.1 GENERAL 
 
4.1.1 Scope 
 

This Section contains the requirements for the supply and installation of settlement 
plates. 

 
The purpose of the settlement plates is to monitor settlements of the foundation soils 
below the embankment base.  The settlement readings shall help to establish the timing 
for the final paving operations.  Settlement is measured by survey of the top of the rod 
with reference to stable, non-settling benchmarks. 
 

4.1.2 General Procedure 
 

The settlement rods shall be attached to a plate at the existing ground surface.  As 
embankment construction proceeds the rods shall be extended above the new top of 
embankment. 
 
Sleeves around the rods shall be installed to reduce friction and allow uninhibited 
movement of the rod with the plate. 
 
A protective surround shall be extended with the rods as embankment construction 
proceeds. 
 

4.1.3 Location 
 

The locations of the settlement plates are shown on the Contract Drawings and are given 
in Table 4. 
 

Table 4 – Approximate Settlement Plate Locations 
  

Station Offset 
(m) 

No. of 
Settlement 

Plate(s)

Estimated 
Thickness of 

Embankment (m)* 
South East Quadrant 

406S-E/W 10+250 CL 1 5.3 
406S-E/W 10+300 CL 1 6.5 
406S-E/W 10+350 CL 1 6.5 

Merritt W-N 10+025 CL 1 7.5 
Merritt W-N 10+075 CL 1 7.3 
Merritt W-N 10+125 CL 1 5.3 
Merritt W-N 10+175 CL 1 3.3 
Merritt E-N 10+040 CL 1 7.2 
Merritt Road 10+075 CL 1 9.2 
Merritt Road 10+125 CL 1 8.3 
Merritt Road 10+150 CL 1 7.0 
Merritt Road 10+175 CL 1 6.5 
Merritt Road 10+200 CL 1 5.5 



Table 4 – Approximate Settlement Plate Locations (Continued) 
 

Station Offset 
(m) 

No. of 
Settlement 

Plate(s)

Estimated 
Thickness of 

Embankment (m)* 
North West Quadrant 

406N-E 10+375 CL 1 4.3 
406N-E 10+425 CL 1 5.3 
406N-W 10+025 CL 1 5.5 
406N-W 10+075 CL 1 5.3 

Merritt E-S 10+075 CL 1 6.0 
Merritt E-S 10+100 CL 1 5.0 
Merritt E-S 10+125 CL 1 3.5 
Merritt Road 9+775 CL 1 3.5 
Merritt Road 9+825 CL 1 6.0 
Merritt Road 9+875 CL 1 7.8 
Merritt Road 9+900 CL 1 8.3 

Notes: *  Embankment thickness based on surface elevation of removal levels/stripping 
    Depths and does not include 2 m surcharge height. 

 
4.2 MATERIALS 
 
4.2.1 General 
 
 The Contractor shall supply all materials and equipment required for the installation of 

the settlement plates. 
 
4.2.2 Plate 
 
 The Contractor shall supply a steel plate with thickness of at least 6.35 mm.  The plate 

shall be at least 0.5 m by 0.5 m. 
 
4.2.3 Rod 
 
 The Contractor shall supply a steel pipe Schedule 40 with an outside diameter not less 

than 25.4 mm (1”), supplied in lengths as required to complete the installation as 
described in Section 4.3. 

 
 The top end of each length of rod shall be threaded to receive a cap.  A rounded cap shall 

be installed at the top of the rod in such a way that a single survey point can be clearly 
identified and returned to. 

 
4.2.4 Friction Reducing Sleeve 
 
 The Contractor shall supply a friction reducing sleeve consisting of Schedule 40 – 

50.8mm (2”) O.D. PVC pipe cut perpendicular to the axis of the pipe. 
 



4.2.5 Protective Surround 
 
 The Contractor shall supply a protective surround for the portion of the rod within the 

embankment.  The surround shall consist of 300 mm diameter corrugated steel pipe (CSP 
– OPSS 1801) with the ends cut perpendicular to the axis of the pipe and free of burrs and 
sharp edges.  The space between the CSP and the Friction Reduction Sleeve (PVC pipe) 
shall be filled with medium to coarse sand. 

 
4.3 INSTALLATION 
 
4.3.1 General 
 
 The Contractor shall install settlement plates as per the Contract Drawings provided in 

addition to what is stated or emphasized below. 
 
4.3.2 Settlement Plate 
 
 The settlement plate shall be installed horizontally after subgrade preparation is 

completed and prior to fill placement.   
 
 The elevation of the base of the plate shall be surveyed before backfilling. 
 
4.3.3 Rod 
 
 The rod shall be fixed to the center of the plate and installed perpendicular to the plate. 
 
 The coupling of the rods shall be such that all sections have the same axis and no 

separation or contraction will occur at the couplings. 
 
4.3.4 Friction Reducing Sleeve 
 
 The friction reducing sleeve shall be over the entire length of the rod that is below ground 

and within the embankment fill except that the cap on top of the settlement rod shall 
extend 25 mm above the top of the friction sleeve at all times. 

 
4.4 EXTENSION OF ROD 
 
 The settlement rods shall be extended upwards as the embankment is constructed so that 

the top of the rod is always at least 0.3 m but not more than 2 m above the surrounding 
fill. 

 
4.4.1 Protective Surround 
 
 The CSP, Friction Reducing Sleeve and sand protective surround shall be extended with 

the rods. 
 
 The settlement rod shall be in the center of the CSP and friction-reducing sleeve. 
 
 The annulus between the CSP and the friction-reducing sleeve shall be filled with sand to 

a level not higher than the top of the sleeve. 
 



4.4.2 Installation Details 
 
 The elevation, easting and northing of the center of the base of the plate shall be 

surveyed. 
 
 The elevation, easting and northing of the top of the rod shall be surveyed. 
 
 The total distance from the base of the plate to the top of the rod shall be measured to an 

accuracy of ± 2 mm or better. 
 
4.5 COORDINATION WITH MONITORING 
 
4.5.1 Notification 
 
 The Contractor shall notify the Contract Administrator no later than 3 days after 

installing a settlement plate.  At this time the Contractor shall also supply the following 
information to the Contract Administrator. 

 • Elevation of plate and rod referenced to Geodetic datum; 
 • Dates of installation; 
 • Installation notes/sketches; and 
 • Description of settlement rods, sleeve and plate. 
 
 Adjustments in the length of any settlement rod shall be coordinated with the Contract 

Administrator to allow surveying by others of the elevation of the top of the rod 
immediately before and immediately after adjustment.  This surveying is necessary to 
accurately track the settlement data. 

 
4.5.2 Monitoring 
 
 Monitoring of the settlement plates shall be done by others.  Monitoring shall be 

conducted during the embankment construction and preload period.  A target settlement 
of 100 mm is specified.  A minimum preload period of 4 months is required.  The 
Contractor shall provide installation information as specified above and provide access to 
the settlement rods for monitoring including, but not limited to a level scaffolding 
platform and ladder, if required and snow clearing in the winter.  The Contractor shall 
provide electric power and general area lighting as needed for reading the instruments. 

 
4.6 REPORTING 
 
 The Contractor shall record and report relevant installation details to the Contract 

Administrator.  These include, but are not limited to: 
 
 • Settlement rod easting, northing referenced to MTM NAD83 coordinates; 
 • Elevation of the plate and the top of the rod referenced to Geodetic datum; 
 • Distance between base of plate and top of rod; 
 • Dates of installation; and 
 • Installation notes/sketches. 
 



5.0 PAYMENT 
 
Basis Of Payment 
 
 Payment at the Lump Sum price for this tender item shall be full compensation for all 

labour, monitoring equipment and material to do the work. 
 


















