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FOUNDATION INVESTIGATION REPORT 

For 

W.P. 67-99-00 

Highway 7 - Norwood to Havelock 

Embankment Widening  

Townships of Dummer and Belmont 

1.0 Introduction 

This report was prepared as part of the Total Project Management (TPM) assignment for the 

Detailed Design of the pavement rehabilitation and widening to accommodate one eastbound 

passing lane and one westbound passing lane on Highway 7 between Norwood and Havelock, 

Ontario. The work is being carried out under MTO W.P. 67-99-00. 

The work was carried out in general accordance with our Proposal No. 1041692 dated July 

2008. Authorization to proceed was provided by the Ministry of Transportation of Ontario (MTO) 

under Agreement Number 4007-E-0024 with AECOM, the Detailed Design Consultant for this 

project.  It is noted that during the course of this assignment Stantec Consulting Ltd. (Stantec) 

acquired Jacques Whitford Limited (JWL). 

This report has been prepared specifically and solely for the construction project described 

herein. It contains factual information pertaining to the subsurface conditions which was 

obtained as part of this investigation. 

2.0 Site Description and Geology 

Site Location 

The project limits are located within the Townships of Dummer and Belmont in Eastern Ontario 

and are shown on Drawing No. 1 in Appendix A.  It is noted that for project orientation purposes, 

Highway 7 is assumed to run east-west with chainage increasing from west to east. 

The project limits are defined as follows: 

Start:      22+450 Dummer Township 

Chainage Equation:  27+157.508 Dummer Township = 10+000 Belmont Township 

End:      13+095 Belmont Township 
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Based on site observations and data from a Preliminary Pavement Design Investigation, three 

locations had been identified within the limits of the proposed passing lanes where buried 

organic material was suspected of being present beneath the existing highway embankment 

and where a Foundation Investigation was deemed to be warranted.  The location of these three 

sections is shown on Drawing No. 1 in Appendix A. 

General Site Description 

Within the project limits, Highway 7 is classified as a two-lane Rural Collector Undivided (RCU) 

highway. The existing highway section typically includes two 3.35 m lanes with 2.0 m wide 

shoulders.  The highway alignment passes through several muskeg sections.  A Canadian 

Pacific Railway (CPR) line is approximately 20 m south of and runs parallel to the highway 

between Station 26+800 Dummer and 13+095 Belmont. 

Physiographic Description 

Based on the Physiography of Southern Ontario by Chapman and Putnam (1984) the 

embankment widening locations are situated in the physiographic region known as the Dummer 

Moraines. This is an area of rough stony land bordering the Canadian Shield. The soils in this 

region consist of a morainic mantle and drumlinized till plain. 

Based on Geology Map No. 2544 published by the Ministry of Mines and Northern 

Development, the bedrock in the area consists of Middle Ordovician Limestone. 

Embankment Sections 

The lengths of the proposed eastbound (Station 25+041 to 26+900) and westbound (Station 

11+025 to 12+900) passing lanes are both to be approximately 1.9 km for a total length of 

approximately 3.8 km. Approximately half of the passing lane widenings are to be constructed 

through muskeg sections.  It is noted that the final lengths and locations of the proposed 

passing lanes were adjusted after completion of the Foundation Investigation field work.  

The three embankment locations are described as follows: 

Location 1 – 26+600 to 10+100 

- Total length = 660 m, 300 m overlap with passing lane  

- The eastbound passing lane will coincide with Location 1 between Station 26+600 and 

26+500.  The eastbound passing lane will generally be constructed on the south side, 

however, due to the proximity of the CPR tracks east of 26+700, the new centerline 

starts to shift toward the north at 26+528 so that the widening will be constructed to both 

the north and south sides of the existing embankment.  

- The centerline of the existing highway is typically 1.2 m to 1.4 m above the existing 

grades in the adjacent muskeg. 

- See Photo 1 in Appendix D. 
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Location 2 - 10+975 to 11+375 

- Total length = 400 m, 350 m overlap with passing lane.  

- A westbound passing lane will be added along the north side throughout most of this 

section (11+025 to 12+900).   

- The centerline of the existing highway is typically 1.3 m to 2.0 m above the existing 

grades in the adjacent muskeg.  

- See Photo 2 in Appendix D. 

Location 3 – 11+850 to 12+900 

- Total length = 1050 m, all within passing lane. 

- A westbound passing lane will be added along the north side throughout this section.  

- The centerline of the existing highway is typically 1.2 m to 1.8 m above the existing 

grades in the adjacent muskeg.  

- See Photos 3 through 6 in Appendix D. 

3.0 Method of Investigation 

3.1 PREVIOUS INVESTIGATIONS 

No previous Foundation Investigation Reports were available for this project area.  A 

Preliminary Pavement Design Report for the proposed passing lane widening identified the 

presence of buried organic material beneath the existing highway embankment at several 

locations.  In addition, a detailed pavement investigation has now been completed, which also 

identified the presence of organic peat. 

3.2 DRILLING INVESTIGATION 

The field investigation for the detailed design of the embankment widenings consisted of 51 

boreholes. The locations of the boreholes are shown on the Borehole Location Plans, Drawings 

No. 2 through 4 in Appendix A.  

Prior to carrying out the investigation, we contacted the public utility authorities to clear the 

borehole locations of both private and public utilities.  

The field drilling program was carried out between May 28 and July 14, 2009.  
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The boreholes located off the existing roadway were advanced using portable drilling equipment 

which consisted of a tripod with both a one-third weight and full weight hammer for advancing 

the split spoon samplers and an electric core drill for advancing casing and coring bedrock. The 

portable drilling equipment was owned and operated by OGS Drilling Inc. of Almonte, Ontario. 

The Standard Penetration Test (SPT) N-values reported on the borehole records have been 

divided by three for those that were advanced using the one-third weight hammer. 

The boreholes located within the roadway were advanced using a truck mounted CME 75 drill 

rig equipped for soil and bedrock sampling. The CME drilling equipment was owned and 

operated by George Downing Estate Drilling Ltd of Hawkesbury, Ontario. 

The subsurface stratigraphy encountered in each borehole was recorded in the field by Mr. 

Zach Popper and Mr. Allan Brotton, experienced field technicians. Split spoon samples were 

collected on a continuous basis (every 760 mm). It is noted that sample recovery from the split 

spoon sampler was poor at some intervals due to the presence of large gravel, boulders and 

cobbles within the overburden.  Relatively undisturbed samples of peat and marl were acquired 

by pushing thin-walled sample tubes.  Portions of the overburden were cored with NQ 

equipment in order to penetrate through cobbles and boulders. All samples recovered were 

returned to our Ottawa laboratory for detailed classification and testing.  

The boreholes were backfilled with cuttings and sealed with bentonite. For the boreholes 

advanced within the roadway the borehole was sealed at the surface with cold patch asphalt to 

match the existing asphalt thickness. 

The groundwater level was measured in the boreholes at the time of drilling. 

3.3 SURVEY 

Borehole locations were established in the field by JWSL personnel relative to the centerline of 

the existing alignment. The location (northing and easting) and ground surface elevation at each 

borehole location was surveyed by Stantec Geomatics Limited personnel with reference to MTO 

Geodetic Benchmark 00819668559. The benchmark is located at approximate Station 13+000 

Belmont Township and is reported to have a geodetic elevation of 213.801 m.  

3.4 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 gradation analyses, 

Atterberg Limits testing and moisture content testing. Selected samples of the organic material 

were also subjected to organic content and consolidation testing. Samples of intact bedrock 

were tested to determine the unconfined compressive strength. 

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 AECOM. 



FOUNDATION INVESTIGATION AND DESIGN REPORT 

   5 

4.0 Subsurface Conditions 

The subsurface conditions observed in the boreholes 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 also provided. Borehole location plans and stratigraphic sections of the 

soils encountered within the boreholes are provided on Drawings No. 2 through 4 in Appendix 

A. 

The subsurface conditions within each of the three muskeg locations are summarized in the 

sections that follow. 

4.1 LOCATION 1 – 26+600 TO 10+100 

The borehole location plan and a stratigraphic cross-section through Location 1 are provided in 

Drawing No. 2 in Appendix A. 

4.1.1 Pavement Structure / Embankment Fill 

The existing pavement structure within Location 1 typically consists of approximately 238 mm of 

asphalt over 600 mm of granular base/subbase. Further details regarding the existing pavement 

structure are presented in the Pavement Design Report prepared for this project. 

The pavement structure is underlain by granular embankment fill.  The base of the embankment 

fill ranged from 1.4 m to 3.1m below the top of pavement (Elev. 218.1m to 220.2 m). 

SPT ‘N’ values in the fill ranged from 6 to greater than 100 and averaged 33, indicating that the 

deposit varies from loose to very dense but is on average, dense.  It is noted that the SPT ‘N’ 

values were typically lower at the base of the fill which was frequently below the water level and 

underlain by organic deposits. 

Moisture content testing on eight samples yielded results ranging from 3% to 11% with an 

average of 8%.  The results of eight grain size analyses performed in accordance with the 

procedures outlined in ASTM Specification D422-63 indicate that the embankment fill contained 

6 to 28% gravel, 42 to 64% sand and 16 to 48% fines.  The gradation results are provided on 

Figure 1 in Appendix C.  This material is classified as silty sand to silty sand with gravel (SM) 

using the MTO Soil Classification System. 

4.1.2 Organic Matter (PEAT) 

A layer of dark brown to black organic matter (PEAT) was observed directly beneath the 

vegetation beside the existing highway embankment in Boreholes BH09-1 and BH09-18 as well 

as beneath the embankment fill in Boreholes BH 09-11, BH09-17, BH09-19 and BH09-20. 

The peat ranged from coarse fibrous to amorphous in nature, however, it was most commonly 

fine fibrous.  Woody material was encountered within the peat at some locations (see Photo 4 in 

Appendix C). 
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The thickness and properties of the peat beneath the existing highway embankment have been 

altered by the weight of the embankment fill above it.  Where observed beneath the existing 

embankment fill, the thickness of the peat ranged from 800 mm to 2.1 m with an average of 1.5 

m and the base of the peat ranged from elevation 216.1 m to 218.3 m.  Adjacent to the existing 

highway embankment, the thickness of the peat ranged from 1.1 m to 3.3 m with an average of 

2.2 m and the base of the peat ranged from elevation 216.7 m to 218.9 m. 

SPT ‘N’ values within the peat were typically 3 beneath the existing highway embankment and 1 

adjacent to the existing highway embankment.  

The organic content was determined for four samples of the peat material from within Location 

1.  The organic content ranged from 48% to 79% with an average of 66%.  

The moisture content of 11 samples of the peat including 7 from beneath the existing highway 

embankment and 4 within the adjacent muskeg are summarized in Table 4.1. 

Table 4.1: Summary of Moisture Content of Peat Material 

Parameter 
Within Swamp 

Beneath Existing Highway 
Embankment 

Minimum Maximum Mean Minimum Maximum Mean 

Moisture Content 
(%) 

340 695 503 138 512 253 

 

One-dimensional consolidation tests were carried out on two samples of the peat material from 

within Location 1; one from beneath the existing highway embankment and one from the 

muskeg section adjacent to the embankment.  The results of the consolidation testing are 

summarized in Table 4.2 below and are detailed on the Consolidation Summary sheets 

provided in Appendix C. 

Table 4.2: Consolidation Test Results - Peat  

Parameter 
Within Swamp 

Beneath Existing Highway 
Embankment 

BH09-18 ST-5 BH09-17 ST-6 

Moisture Content 695 % 512% 

In-situ Void Ratio 11.8 8.7 

Specific Gravity 1.41 1.51 

Unit Weight 8.59 kN/m
3 

9.33 kN/m
3 

Compression Index, Cc 5.13  4.54 

 

The consolidation test results from both samples indicate that the peat is normally consolidated.  

Based on the depth to top of peat beneath the embankment relative to original top of peat 

elevation, it is estimated that the peat has compressed up to 44% of its original height under the 

current embankment loading. 

4.1.3 MARL 

A thin deposit of marl was encountered directly beneath the peat in Boreholes BH09-17, BH09-

18 and BH09-20.  The marl was generally whitish grey to cream colored and contained 
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occasional small shells.  Photos of one sample of the marl from BH 09-18 are provided as Photo 

No 1 and Photo No. 2 in Appendix C. 

The thickness of the marl, where encountered, ranged from 500 mm to 1.2 m. The base of the 

marl varied from elevation 215.3 m to 215.6 m (geodetic).  

SPT ‘N’ values were 1, indicating very soft material.  

The organic content of one sample of marl from within Location 1 was determined to be 10%. 

The moisture content of three samples of the marl including two from beneath the existing 

highway embankment and one within the adjacent muskeg are summarized in Table 4.3. 

Table 4.3: Summary of Moisture Content of Marl  

Parameter 
Within Swamp Beneath Existing Highway Embankment 

Minimum Maximum Mean Minimum Maximum Mean 

Moisture 
Content (%) 

221 - - 62 162 112 

 

Atterberg Limits were measured for one sample of the marl from BH09-18. The test revealed a 

liquid limit in excess of 200, a plastic limit of 73 and a plasticity index in excess of 125.  

4.1.4 Glacial Till 

A glacial till layer was observed in all the boreholes advanced at this location.  The thickness of 

the till layer ranged from 1.4 m to 7.6 m with an average thickness of approximately 3.1 m. The 

base of the unit varied from elevation 209.2 m to 217.9 m (geodetic).  

SPT ‘N’ values ranged from 4 to 133 blows per 0.3 m, indicating that the deposit varies from a 

very loose to very dense state. N values in excess of 50 blows per 0.3 m are indicative of the 

presence of boulders and cobbles within the till material. Rock coring techniques were used to 

advance BH09-1 through cobbles and boulders within the till.  

The moisture content of the 16 samples tested ranged from 7% to 25% with an average of 11%.  

Gradation analysis on 16 samples of the till material indicate that the till contained 3 to 51% 

gravel, 19 to 72% sand and 4 to 78% fines.  The results are shown on Figures 2 to 4 in 

Appendix C. 

Atterberg Limits were measured on the fines from one sample of the till material from BH09-20.  

The results indicated a low plastic clay material. The results of the Atterberg Limits testing are 

shown on Figure 5 in Appendix C. 

The till material can generally be described as silty sand to silty sand with gravel (SM) but can 

vary to silty gravel with sand (GM) to silty clay (CL) with sand in accordance with the MTO Soil 

Classification System. Occasional to frequent cobbles and boulders were observed within the till 

strata with increased frequency with depth. 
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4.1.5 Bedrock 

Two boreholes were advanced into the bedrock by coring. The rest of the boreholes were 

terminated at the bedrock surface as determined based on SPT refusal (>100 blows/0.3 m) and 

auger refusal.  

The bedrock surface was encountered at elevation 216.3 m and 216.5 m in BH09-1 and BH09-

11, respectively.  The bedrock elevation was inferred to range from 3.6 m to 12.0 m below 

ground surface (elevation 217.9 m to 209.2 m) based on auger refusal in the other boreholes. 

BH09-1 and BH09-11 were advanced 2.7 m and 3.2 m, respectively, into the bedrock by coring 

with NQ-size coring equipment. The core recovery was between 85% and 100% (average = 

97%). The rock quality designation (RQD) ranged from 0 % to 61% (average = 28%), indicating 

very poor to fair rock mass quality. 

The recovered rock core consists of grey limestone bedrock with shale partings. The rock 

ranged from slightly weathered to unweathered. Joint spacing ranged from very close to 

moderate with dipping orientation typically flat (0 to 20° from horizontal). Photographs of the 

recovered bedrock are provided in Appendix B. A detailed description of the rock cores is also 

provided in the Field Core Logs in Appendix B. 

Unconfined compressive strength tests were carried out on two bedrock core samples; one 

taken from BH09-1 and one from BH09-11. The unconfined compressive strength of the two 

samples was 107 and 170 MPa. Based on the results of the unconfined compressive strength 

tests the rock strength was determined to range between strong and very strong. 

4.1.6 Groundwater 

Water was encountered approximately at ground surface within boreholes drilled in the muskeg 

section and at approximately the same elevation in boreholes advanced through the highway 

embankment adjacent to the muskeg.  The water elevation was approximately 219.8 m at the 

time of the investigation.   

4.2 LOCATION 2 – 10+975 TO 11+375 

The borehole location plan and a stratigraphic cross-section through Location 2 are provided in 

Drawing No 3 in Appendix A. 

4.2.1 Pavement Structure / Embankment Fill 

The existing pavement structure within Location 2 typically consists of approximately 238 mm of 

asphalt over 600 mm of granular base/subbase. Further details regarding the existing pavement 

structure are presented in the Pavement Design Report prepared for this project. 

The pavement structure is underlain by granular embankment fill.  The base of the embankment 

fill ranged from 2.1 m to 3.4 m below the top of pavement (Elev. 214.6 m to 216.1 m). 
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SPT ‘N’ values ranged from 3 to 61 and averaged 25, indicating that the deposit varies from 

very loose to very dense but is on average, compact.     

Moisture content testing on seven samples yielded results ranging from 3% to 10%, with an 

average of 6%.  The results of seven grain size analyses performed in accordance with the 

procedures outlined in ASTM Specification D422-63 indicate that the embankment fill contained 

15 to 47% gravel, 37 to 63% sand and 16 to 39% fines.  The gradation results are provided on 

Figure 6 in Appendix C.  This material is classified as silty sand with gravel (SM) using the MTO 

Soil Classification System. 

4.2.2 Organic Matter (PEAT) 

A layer of dark brown to black organic matter (PEAT) was observed directly beneath the 

vegetation beside the existing highway embankment in Boreholes BH09-2, BH09-3 and BH09-

33 as well as beneath the embankment fill in Boreholes BH09-23 and BH09-31. 

The peat ranged from coarse fibrous to amorphous in nature, however, it was most commonly 

fine fibrous (see Photo No. 3 in Appendix C).  Woody material was encountered within the peat 

at some locations. 

The thickness and properties of the peat beneath the existing highway embankment have been 

altered by the weight of the embankment fill above it.  Where observed beneath the existing 

embankment fill, the thickness of the peat ranged from 600 mm to 1.5 m with an average of 1.0 

m and the base of the peat ranged from elevation 214.4 m to 215.0 m.  Adjacent to the existing 

highway embankment, the thickness of the peat ranged from 100 mm to 900 mm with an 

average of 600 mm and the base of the peat ranged from elevation 215.5 m to 216.5 m. 

SPT ‘N’ values were 4 within the peat beneath the existing highway embankment and 2 within 

the peat in the adjacent muskeg section. 

The moisture content of a sample of the peat from beneath the existing highway embankment 

was 283% while the moisture content of a sample from within the adjacent muskeg was 478%. 

A one-dimensional consolidation test was carried out on a sample of the peat material taken 

from beneath the existing road embankment. The results of the consolidation testing are 

summarized in Table 4.4 below and are detailed on the Consolidation Summary sheets 

provided in Appendix C. 

Table 4.4: Consolidation Test Results - Peat  

Parameter 
Beneath Existing Highway Embankment 

BH09-23 ST-4 

Moisture Content 283% 

In-situ Void Ratio 4.9 

Specific Gravity 1.59 

Unit Weight 10.19 kN/m
3 

Compression Index, Cc 2.34 
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The consolidation test results indicate that the peat material is normally consolidated.  Based on 

the depth to the top of peat beneath the embankment relative to the original top of peat 

elevation, it is estimated that the peat has compressed up to 43% of its original height under 

current embankment loading.  

4.2.3 MARL 

A thin deposit of marl was encountered in BH09-29 and BH09-33.  The marl was generally 

whitish grey to cream colored and contained occasional small shells. 

The thickness of the marl at these two borehole locations was 600 mm and 800 mm. The base 

of the marl ranged from elevation 214.8 m to 214.9 m (geodetic).  

The SPT ‘N’ value within the marl was 2, indicating a very soft material. 

The organic content of one sample of the marl (BH09-33, SS-2) was determined to be 39%. 

The moisture content of a sample of marl from beneath the existing highway embankment was 

43% and the moisture content of a sample of marl from the adjacent muskeg area was 244%. 

A one-dimensional consolidation test was carried out on a sample of the marl taken from 

outside the existing roadway platform. The results of the consolidation testing are summarized 

in Table 4.5 below and are detailed on the Consolidation Summary sheets provided in Appendix 

C. 

Table 4.5:  Consolidation Test Results - Marl 

Parameter 

Beyond Existing Highway 
Embankment 

BH09-33 ST-2 

Moisture Content 244% 

In-situ Void Ratio 6.4 

Specific Gravity 2.51 

Unit Weight 11.44 kN/m
3 

Compression Index, Cc 2.46 

 

The consolidation test results indicate that the marl is normally consolidated.   

4.2.4 Silt / Sandy Silt 

A silt layer was observed in BH09-29, BH09-32 and BH09-34 beneath the embankment fill and 

marl.  Where encountered, the thickness of the silt layer ranged from 800 mm to 1.6 m with an 

average thickness of approximately 1.1 m. The base of the unit varied from elevation 214.0 to 

214.2 m (geodetic).  

SPT ‘N’ values ranged from 3 to 23 blows per 0.3 m, indicating that the deposit varies from a 

very loose to compact state. In general the SPT ‘N’ values were 3 or 4, indicating a very loose 

state.  
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The moisture content of the three samples tested ranged from 33% to 36% with an average of 

34%.  Grain size analyses on three samples of the silt material indicate that it contained 2% to 

6% gravel, 14% to 18% sand and 80% fines. The results are shown on Figure 10 in Appendix C.  

Atterberg Limits were measured for three samples of the silt material. Two of the samples 

revealed a non-plastic fine material. The Atterberg Limits test for BH09-32 revealed a liquid limit 

of 35, a plastic limit of 29 and a plasticity index of 6. The results of the Atterberg Limit testing are 

shown of Figure 11 in Appendix C. 

This material is silt with sand (ML) in accordance with the MTO Soils Classification System. 

4.2.5 Glacial Till 

A glacial till layer was observed in all the boreholes advanced at this location.  The thickness of 

the till layer ranged from 600 mm to 2.3 m with an average thickness of approximately 1.4 m. 

The base of the unit varied from elevation 212.5 m to 215.3 m (geodetic).  

SPT ‘N’ values ranged from 5 to 125 blows per 0.3 m, with an average of 37, indicating that the 

deposit varies from a loose to very dense state but is dense on average. N values in excess of 

50 blows per 0.3 m are generally indicative of the boulders and cobbles present within the till 

material.  Rock coring techniques were used to advance the holes through the boulders within 

the till at some locations. 

The moisture content of the 16 samples tested ranged from 6% to 25% with an average of 15%.  

Gradation analysis on 16 samples of the till material indicate that the till contained 2 to 57% 

gravel, 25 to 66% sand and 11 to 71% fines.  The results are shown on Figures 7 to 9 in 

Appendix C. 

The till material can generally be described as silty sand to silty sand with gravel (SM) in 

accordance with the MTO Soil Classification System. Occasional cobbles and boulders were 

observed within the till. 

4.2.6 Limestone Bedrock 

Three boreholes were advanced into the bedrock by coring. The rest of the boreholes were 

terminated at the bedrock surface as determined based on SPT refusal (>100 blows/300 mm) 

and auger refusal.  

The bedrock surface was confirmed by coring to be at elevation 215.2 m, 214.3 m and 215.3 m 

in BH09-2 BH09-3 and BH09-10, respectively.  The bedrock elevation was inferred to range 

from 4.3 m to 5.2 m below ground surface (elevation 212.5 m to 213.7 m) based on auger 

refusal in the other boreholes. 

BH09-2, BH09-3 and BH09-10 were advanced 2.7 m to 5.1 m into the bedrock by coring with 

NQ and BQ-size coring equipment. The core recovery was between 22% and 100% (average = 

63%). The rock quality designation (RQD) ranged from 0 % to 67% (average = 14%), indicating 

very poor rock mass quality on average. 
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The recovered rock core consisted of grey limestone bedrock with shale partings. The rock 

ranged from slightly weathered to unweathered. Joint spacing ranged from very close to 

moderate with dipping orientation typically flat (0 to 20° from horizontal). Photographs of the 

recovered bedrock are provided in Appendix B. A detailed description of the rock cores is also 

provided in the Field Core Logs in Appendix B. 

Unconfined compressive strength tests were carried out on two bedrock core samples; one 

taken from BH09-3 and one from BH09-10. The unconfined compressive strength of the two 

samples were 160 and 83 MPa. Based on the results of the unconfined compressive tests the 

rock strength was determined to range between strong and very strong. 

4.2.7 Groundwater 

Water was encountered approximately at ground surface within boreholes drilled in the muskeg 

section and at approximately the same elevation in boreholes advanced through the highway 

embankment adjacent to the muskeg.  The water elevation was approximately 215.7 m to 216.6 

m at the time of the investigation.   

4.3 LOCATION 3 – 11+850 TO 12+900 

The borehole location plan and a stratigraphic cross-section through Location 3 are provided in 

Drawing No 3 in Appendix A. 

4.3.1 Pavement Structure / Embankment Fill 

The existing pavement structure within Location 3 typically consists of approximately 238 mm of 

asphalt over 600 mm of granular base/subbase. Further details regarding the existing pavement 

structure are presented in the Pavement Design Report prepared for this project. 

The pavement structure is underlain by granular embankment fill.  The base of the embankment 

fill ranged from 1.5 m to 3.1 m below the top of pavement (Elev. 211.9 m to 213.5 m). 

SPT ‘N’ values ranged from 2 to greater than 100 with an average of 22, indicating that the 

deposit varies from a very loose to very dense but is compact on average.  It is noted that SPT 

refusal was encountered at a couple of locations, possibly indicating the presence of cobbles 

within the fill.    

Moisture content testing on 14 samples yielded results ranging from 5% to 28% with an average 

of 10%.  The results of thirteen grain size analyses performed in accordance with the 

procedures outlined in ASTM Specification D422-63 indicate that the embankment fill contained 

9 to 52% gravel, 34 to 73% sand and 11 to 49% fines.  The gradation results are provided on 

Figures 12 through 14 in Appendix C.  This material ranges from silty sand to silty sand with 

gravel (SM) using the MTO Soil Classification System. 

4.3.2 Organic Matter (PEAT) 

A layer of dark brown to black organic matter (PEAT) was observed directly beneath the 

vegetation beside the existing highway embankment in Boreholes BH09-4, BH09-41, BH09-44, 
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BH09-47, BH09-5, BH09-6, BH09-51, BH09-54, BH09-57 and BH09-60 as well as beneath the 

embankment fill in Boreholes BH09-37, BH09-09, BH09-39, BH09-40, BH09-42, BH09-43, 

BH09-45, BH09-46, BH09-48, BH09-49, BH09-7, BH09-8, BH09-50 and BH09-52. 

The peat ranged from coarse fibrous to amorphous in nature, however, it was most commonly 

fine fibrous.  Woody material was encountered within the peat at some locations. 

The thickness and properties of the peat beneath the existing highway embankment have been 

altered by the weight of the embankment fill above it.  Where observed beneath the existing 

embankment fill, the thickness of the peat ranged from 0.6 m to 1.6 m with an average of 1.2 m 

and the base of the peat ranged from elevation 211.1 m to 212.0 m.  Adjacent to the existing 

highway embankment, the thickness of the peat ranged from 0.4 m to 3.2 m with an average of 

1.9 m and the base of the peat ranged from elevation 210.7 m to 212.7 m. 

SPT ‘N’ values ranged from 1 to 7 but were on average, 3 in areas beneath the existing highway 

embankment and 2 in the adjacent muskeg sections. 

The organic content was determined for five samples of the peat material encountered within 

Location 3. The organic content ranged from 26% to 79% with an average of 61%.  

The moisture content of 26 samples of the peat including 12 from beneath the existing highway 

embankment and 14 within the adjacent muskeg are summarized in Table 4.6. 

Table 4.6: Summary of Moisture Content of Peat 

Parameter 
Within Swamp 

Beneath Existing Highway 
Embankment 

Minimum Maximum Mean Minimum Maximum Mean 

Moisture Content (%) 211 623 429 90 489 265 

 

One-dimensional consolidation tests were carried out on two samples of the peat material from 

within Location 3; one from beneath the existing highway embankment and one from adjacent to 

the embankment.  The results of the consolidation testing are summarized in Table 4.7 below 

and are detailed on the Consolidation Summary sheets provided in Appendix C. 

Table 4.7:  Consolidation Test Results - Peat 

Parameter 
Within Swamp 

Beneath Existing Highway 
Embankment 

BH09-41 ST-4 BH09-45 ST-5 

Moisture Content 612 % 444% 

In-situ Void Ratio 10.0 8.2 

Specific Gravity 1.47 1.73 

Unit Weight 9.29 kN/m
3 

10.00 kN/m
3 

Compression Index, Cc 4.31  2.85 

 

The consolidation test results indicate that the peat material is normally consolidated.  Based on 

the depth to top of peat beneath the embankment relative to the original top of peat elevation, it 

is estimated that the peat has compressed up to 45% of its original height under the current 

embankment loading.    
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4.3.3 MARL 

A thin deposit of marl was encountered beneath the peat in six of the boreholes located 

between 12+300 and 12+400, and in one borehole adjacent to the existing highway 

embankment at 12+600.  Marl was also observed as a discrete layer within the peat in one 

borehole adjacent to the highway at 11+963. The marl was generally whitish grey to cream 

colored and contained occasional small shells. 

The thickness of the marl, where encountered, ranged from 300 mm to 1.2 m, with an average 

of 800 mm. The base of the marl varied from elevation 210.1 m to 211.3 m (geodetic).  

SPT ‘N’ values within the marl were consistently 1, indicating a very soft material. 

The organic content was determined for two samples of the marl from within Location 3. The 

organic contents were 5% and 9%.  

The moisture content of 7 samples of the marl including 4 from beneath the existing highway 

embankment and 3 within the adjacent muskeg are summarized in Table 4.8. 

Table 4.8:  Summary of Moisture Content of Marl 

Parameter 
Within Swamp Beneath Existing Highway Embankment 

Minimum Maximum Mean Minimum Maximum Mean 

Moisture 
Content (%) 

251 283 265 139 192 157 

4.3.4 Silty Sand/Sand 

A silty sand/sand layer was observed beneath the embankment fill and peat/marl in 18 

boreholes within Location 3.  The thickness of the silty sand layer ranged from 600 mm to 2.7 m 

with an average thickness of approximately 1.6 m. The base of the unit varied from elevation 

208.5 m to 211.9 m (geodetic).  

SPT ‘N’ values ranged from 1 to 51, with an average of 13, indicating that the deposit varies 

from a very loose to very dense state but is typically compact.  Flowing sands were noted in 

Boreholes BH09-39 and BH09-40 during the drilling operation.  

The moisture content of the 21 samples tested ranged from 14% to 24% with an average of 

20%.  Grain size analyses of twenty samples of the sandy deposit indicate that it contained 0 to 

10% gravel, 35 to 96% sand and 4 to 65% fines.  The gradation results are provided on Figures 

15 through 18 in Appendix C.  This material ranges is most commonly classified as silty sand 

(SM) using the MTO Soil Classification System with a few samples testing as well-graded or 

poorly graded sand and one sample as sandy silt (ML). 

 Atterberg Limits were assessed for one sample of the silty sand material and revealed a non-

plastic fine material. 
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4.3.5 Glacial Till 

A glacial till layer was observed in all the boreholes advanced at this location with the exception 

of BH09-39 and BH09-60.  The thickness of the till layer ranged from 400 mm to 4.0 m with an 

average thickness of approximately 1.6 m. The base of the unit varied from elevation 207.3 m to 

211.4 m (geodetic).  

SPT ‘N’ values ranged from 6 to greater than 100 blows per 0.3 m, with an average of 48, 

indicating that the deposit varies from a loose to very dense state but is dense on average. N 

values in excess of 50 blows per 0.3 m are generally indicative of the boulders and cobbles 

present within the till material. Rock coring techniques were used to advance several of the 

holes through the cobbles and boulders within the till. 

The moisture content of the 21 samples tested ranged from 5% to 16% with an average of 9%.  

Gradation analysis on 19 samples of the till material indicate that the till contained 21 to 58% 

gravel, 32 to 57% sand and 9 to 41% fines.  The results are shown on Figures 19 through 21 in 

Appendix C. 

The till material can generally be described as silty sand to silty sand with gravel (SM) in 

accordance with the MTO Soil Classification System. A few samples tested as silty gravel with 

sand (GM).  Occasional cobbles and boulders were observed within the till. 

4.3.6 Limestone Bedrock 

The bedrock surface was inferred based on SPT refusal (>100 blows/0.3 m) and auger refusal 

in all boreholes.  Bedrock was proven in six of these boreholes by advancing the boreholes a 

minimum of 3 m into the rock by coring.  An additional six boreholes were advanced to a 

shallow depth (up to 600 mm) into bedrock by coring. 

The bedrock surface was determined to range from 3.4 m to 7.5 m below the top of pavement or 

elevation 207.3 m to 211.4 m. 

The core recovery was between 20% and 100% (average = 86%). The rock quality designation 

(RQD) ranged from 0 % to 85% (average = 24%), indicating very poor rock mass quality on 

average. 

The recovered rock core consisted of grey limestone bedrock with shale partings. The rock 

ranged from slightly weathered to unweathered. Joint spacing ranged from very close to 

moderate with dipping orientation typically flat (0 to 20° from horizontal). Photographs of the 

recovered bedrock are provided in Appendix B. A detailed description of the rock cores is also 

provided in the Field Core Logs in Appendix B. 

Unconfined compressive strength tests were carried out on six bedrock core samples. The 

unconfined compressive strength of the samples ranged from 96 to 198 MPa with an average of 

160 MPa. Based on the results of the unconfined compressive tests the rock strength was 

determined to range between strong and very strong. 
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4.3.7 Groundwater 

Water was encountered approximately at ground surface within boreholes drilled off road and at 

approximately the same elevation in boreholes advanced through the highway embankment 

adjacent to the muskeg.  The water elevation ranged from Elev. 211.8 m to 214.0 m.  

Groundwater levels may vary seasonally. 
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5.0 Closure 

A subsurface investigation is a limited sampling of a site. The subsurface conditions given 

herein are based on information gathered at the specific borehole locations. Should any 

conditions at the site be encountered which differ from those at the borehole locations, we 

request that we be notified immediately in order to assess the additional information. 

This report has been prepared by Kenton Power, Paul Carnaffan and Fred Griffiths.  Technical 

reviews were carried out by Arun Valsangkar and Raymond Haché. 

Respectively Submitted; 

STANTEC CONSULTING LTD 

 

 

Kenton C. Power, M.A.Sc. 

 

 

Paul Carnaffan, M.Eng., P.Eng. 

Associate  

 

 

Fred J. Griffiths, Ph.D., P.Eng. 

Designated Principal MTO Foundation Contact 
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FOUNDATION DESIGN REPORT 

For 

W.P. 67-99-00 

Highway 7 - Norwood to Havelock Embankment Widening 

Township of Dummer and Belmont 

6.0 Discussion 

6.1 PROPOSED DEVELOPMENT 

It is understood that the Ministry of Transportation of Ontario (MTO) is planning the construction 

of two passing lanes along Highway 7 as part of W.P. 67-99-00. The project is to include one 

passing lane in each direction (eastbound and westbound). The lengths of the eastbound and 

westbound passing lanes are to be approximately 1.9 km each for a total length of 3.8 km.  

Three locations with a total length of 2110 m were identified as embankment fill locations within 

muskeg areas.  The Pavement Design Report recommends that where present, swamp material 

in the embankment widening is to be removed by invoking OPSD 203.020. 

The alignment of Highway 7 and a CPR railway line are approximately parallel from 26+800 

(Dummer) to the east project limit at 13+095 (Belmont).  Throughout the section from 26+800 to 

13+095, the existing centreline of Highway 7 is typically 20 m north of the centreline of the rail 

line.  As a result of the proximity to the railway, the widening to accommodate the end of the 

eastbound passing lane will be shifted northward, resulting in embankment widening to both the 

north and south sides along with a centreline crown shift.  

After an initial assessment of the anticipated settlement associated with the proposed passing 

lane widenings, several iterations of revisions to the highway geometry were carried out in an 

effort to minimize adjustments that would impose new loads on sections of the existing highway 

embankment that are underlain by compressible organic deposits.  The currently planned 

adjustments to the top of pavement throughout the three fill locations are shown in Table E-1 in 

Appendix E. 

Table 6.1 summarizes the locations where grade increases are proposed in areas where buried 

organic deposits were identified beneath the existing highway embankment. 

Table 6.1:  Summary of Planned Grade Increases Where Buried Organics Were Identified 

It is noted that there are other areas where it is not proposed to raise the grades across the 

existing driving lanes and where muskeg removal will be carried out for the proposed passing 

Station 
Length 

(m) 
Location of Grade Raise Maximum Grade 

Raise (mm) 

10+975 to 11+025 50 Right & Left Edge of Pavement & Shoulders 50 

11+850 to 11+890 40 Full Width of EBL & WBL 150 

12+275 to 12+350 75 EBL edge of pavement & shoulder only 75 
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lane widening but where organic deposits buried beneath the existing shoulder or embankment 

side slopes will remain in place and will be subjected to new loads that will induce both primary 

consolidation and long term secondary settlement. A typical section showing this scenario is 

presented in Drawing No. 5 in Appendix E. 

6.2 SOIL SUMMARY 

The subsurface conditions observed in the boreholes 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 also provided.  

In general, the subsurface stratigraphy within the muskeg sections consists of organic matter 

(both peat and marl), over a glacial till deposit, overlying limestone bedrock. Beneath the 

roadway the subsurface stratigraphy consists of pavement structure and granular embankment 

fill (typically silty sand) over organic matter (peat and/or marl), over glacial till, overlying 

limestone bedrock. Table 6.2 summarizes the thickness of organic deposits located within the 

three Foundation Investigation Locations. 

Table 6.2:  Summary of Organic Soil Deposits 

 

Laboratory test results are presented in Appendix C. 

The peat and marl deposits can be described as normally consolidated.  The deposits within the 

muskeg sections adjacent to the existing highway embankment do not appear to have been 

subjected to any previous overburden loading.  The peat and marl located beneath the existing 

highway embankment have undergone significant consolidation due to the weight of the existing 

embankment.  This is evident by the reduction in moisture content and void ratio of the materials 

beneath the embankment compared to the materials adjacent to the embankment, as shown in 

Table 6.3.  Based on the top of peat elevation beneath the embankment relative to the 

estimated original top of peat elevation, it is estimated that the peat has compressed up to 

approximately 45% of its original thickness under the current embankment load. 

Table 6.3:  Comparison of Peat Properties Beneath and Beside the Existing Embankment 

Parameter 

Design Values (based on averages) 

Within Swamp 
Beneath Existing Highway 

Embankment 

Moisture Content 451% 275% 

In-situ Void Ratio 10.9 7.3 

Compression Index, Cc 4.7 3.2 

Secondary Compression 
Index, Cα 

0.28 0.19 

Location Station Total Length (m) 

Thickness of Organic  Deposits (m) 

Within 
Proposed 
Widening 

Beneath Existing 
Highway 

Embankment 

1 26+600 to 10+100 660 3.6 1.5 to 3.4 

2 10+975 to 11+375 400 0.9 to 1.4 0.6 to 1.5 

3 11+850 to 12+900 1050 0.4 to 3.5 0.6 to 2.6 
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The void ratio-log time curves from the laboratory consolidation tests did not provide a clear 

indication of the coefficient of secondary consolidation, therefore, secondary consolidation was 

estimated using the Cα/Cc concept of compressibility.  A Cα/Cc value of 0.06 was assigned to 

the peat based on a literature review which suggests that Cα/Cc for peat is generally 0.06 ±0.01 

(Mesri, Stark, Ajlouni & Chen, Secondary Compression of Peat with or without Surcharging, 

Journal of geotechnical and Geoenvironmental Engineering, May 1997). 

The soil parameters used in the analysis are summarized in Table 6.4. 

Table 6.4:  Summary of Soil Parameters for Slope Stability Modeling 

 

The presence of a very weak layer of marl at localized areas presents a possible concern for 

stability of the existing highway embankment during the swamp removal.  The high moisture 

content combined with a lack of fibrous content and low plasticity makes acquisition and testing 

of the very thin marl layers virtually impossible.  Based on the observed SPT N values and the 

moisture contents, the undrained shear strength of the marl is estimated to be no greater than 

12 kPa.  Marl was identified intermittently at 15 Stations during the foundation and pavement 

investigations.  The thickness ranged from 200 mm to 1.4 m with an average of 760 mm 

6.3 DESIGN CONSIDERATIONS 

The presence of the organic soil deposits both beneath the existing highway embankment and 

beneath the proposed widening for the passing lanes creates several potential issues that need 

to be considered during the design.  These include: 

Settlement considerations: 

 Organic materials typically undergo substantial but relatively rapid primary consolidation 
after a load is applied, followed by secondary consolidation.   

 Secondary consolidation is a time dependent process and is often the more critical 
component of settlement from a design perspective since the magnitude of settlement is 
often as great as the primary consolidation but the settlement occurs over a period of many 
years. The relationship between the magnitude of secondary consolidation is nearly linear 
with the log of time, which means that the magnitude of secondary consolidation decreases 
with each passing year. 

 Any new loads applied to the top of the embankment will induce new primary and secondary 
consolidation. 

 The peat and marl beneath the proposed widening are weak and highly compressible and if 
left in place would undergo initial settlement and secondary settlements that would continue 
for many years after completion of construction if conventional construction.  Swamp 
excavation in accordance with OPSD 203.020 will alleviate this concern. 

Soil Parameter 

Soil Type 

Granular 
Fill 

Rock Fill Peat Marl Till 

Total Unit Weight (kN/m
3
) 21 18 10.6 12.8 20.5 

Cohesion (kPa) 0 0 27 12 0 

Friction Angle 34º 48º 0º 0º 35º 
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 The peat and marl beneath the existing highway embankment (where present) have not 
been subjected to any new loads since pavement rehabilitation in 1982.  As a result, all 
primary settlement and secondary settlement from the current loading are essentially 
complete.  In theory, some secondary settlement is still on-going, however, after 27 years 
the magnitude is insignificant and not likely perceptible on an annual basis.  The addition of 
new loads will initiate new primary and secondary settlement.  Experience at other sites has 
shown that the loading associated with as little as a single lift pavement overlay has been 
sufficient to initiate new settlement of buried organic layers.  The existing information at the 
peat locations suggest that in order to achieve the current grades above the original peat 
level, placement of embankment fill approximately 2.2 times as thick as the current 
embankment height was required; this suggest that to achieve a final grade increase of 100 
mm, a total of 200 mm of material may ultimately be required. 

 Proposed geometric changes including profile adjustments, cross fall corrections and 
centreline shifts will have an impact on whether or not any new loads will be imposed on the 
organic materials buried beneath the existing embankment.  Based on the settlement 
predictions presented in the Draft Foundation Investigation and Design Report, there were 
several design iterations by AECOM and Stantec in order to try to achieve zero stress 
increase across the existing embankment platform in areas underlain by compressible 
organic deposits while still meeting pavement, drainage and geometric design requirements.  
The results are that only the three limited areas listed in Table 6.1 remain where grade 
raises will be carried out across the existing driving lanes that are underlain by compressible 
organic matter. 

 Self settlement of the backfill within the swamps will occur.  Rock fill has been 
recommended as the backfill material in areas where muskeg material is removed.  The rock 
fill will be placed in the wet without compaction.  Self settlement of approximately 2 to 5% of 
the thickness of the rock fill should be expected.  The majority of this self settlement is 
expected to occur within 6 months of completion of the fill placement.  

 Where removal of the organic deposits is proposed beneath the proposed widenings, the 
stability of the existing embankment sections that are underlain by organic deposits must be 
maintained during construction.  This is most critical where the existing embankment is 
underlain by marl which has very low strength. 

 There is an existing CPR railway parallel to and in close proximity to the existing Highway 7 
alignment throughout the eastern half of the project limits.  Like Highway 7, the railway 
embankment passes through muskeg sections.  It is not known if organic soils are present 
beneath the embankment that supports the railway.  Any modifications to the Highway 7 
embankment should be designed to ensure that they do not impact the adjacent railway 
embankment. 

 The existing culverts within the proposed passing lanes will need to be extended or 
replaced.  Differential settlement will need to be avoided to ensure integrity and functioning 
of the culverts. A separate Foundation Investigation and Design Report has been prepared 
for the culvert treatments. 

6.4  SETTLEMENT ASSESSMENT 

Self settlement of the rock fill backfill within the swamps will occur.  Self settlement of 
approximately 2 to 5% of the thickness of the rock fill should be expected.  The majority of this 
self settlement is expected to occur within 6 months of completion of the fill placement and can 
be dealt with by delaying the final grading and paving of the new passing lane by at least 6 
months. 
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The settlement of embankments over organic soil deposits is dependent on several factors 

including: 

1) Material properties – as indicated in the soil descriptions in Section 4, there is 
considerable variation in the properties of the organic materials.  In addition, it is noted 
that the properties of peat change as it is compressed.   

2) Thickness of the compressible layer – the thickness of the organic layer beneath the 
existing highway embankment varies both across the width of the embankment as well 
as along the length of the highway.  The amount and duration of settlement are related 
to the thickness of the compressible materials.  For illustration purposes, Figure 6.1 
below shows an example of the predicted secondary settlement versus time for peat 
layers 500 mm, 1 m and 2 m thick, assuming all other conditions and properties are the 
same.  

Figure 6-1 - Summary of Secondary Settlement vs. Time for Selected Thicknesses of Peat 

 

 

3) Stress increase – the stress beneath an embankment varies both with depth and with 
lateral distance from the centerline of the embankment.  In addition, the stress increase 
within the buried organic layers is affected by the magnitude of stress increase applied 
at surface.  Even modest changes to the profile and centerline shifts can result in a 
stress increase within the buried organic layer. 

Due to the variability in the factors listed above, the magnitude of settlement will vary across the 

width of the embankment and from station to station.  For illustrative purposes, we have carried 

out a detailed assessment of the predicted settlements across the width of the embankment at a 

typical section where the organic materials will be removed from beneath the widening in 

accordance with OPSD 203.020, existing grades will be maintained across the existing driving 

lanes but grades will be raised across the existing shoulder and side slope beneath the 

proposed passing lane (left side). In this situation, only a limited portion of the buried organic 
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layers will be subjected to a stress increase.  The additional stress will be restricted to new 

embankment fill placed above the 1H:1V excavation slope carried out above the swamp level as 

part of the swamp material excavation (as per OPSD 203.020) and a small grade increase due 

to cross fall adjustments over the existing shoulder. 

The primary consolidation was estimated using one dimensional consolidation theory, the 

coefficients of consolidation (primary and secondary) and initial void ratio from the nearest 

laboratory consolidation testing, the thickness of the peat from the nearest borehole and the 

anticipated stress increase. The anticipated stress increase was calculated using a Boussinesq 

stress distribution to determine the stress profile beneath the embankment both before and after 

the widening. 

Settlement Predictions – Typical Section near 12+000 Belmont 

In the area of 12+000 Belmont, the proposed cross section includes a full lane width widening 

on the north side of the existing highway. Grades across the existing driving lanes will generally 

be lowered by up to 200 mm.   Grades will be raised across the existing left shoulder and 

embankment side slope. The existing and proposed embankment geometry are shown on 

Figure 5 in Appendix E along with a schematic of the soil stratigraphy at this location based on 

the BH09-39, which was drilled at the right edge of pavement at 12+000.   

Table 6.5 summarizes the primary settlement that is predicted to occur across the width of the 

embankment.  

Table 6.5:  Summary of Predicted Primary Settlement at 12+000 

Parameter 
Offset from Existing Centreline (m) 

Left 
C/L 

Right 

 10 8 6 5 2 5 10
 

Primary Settlement (mm) 0
(1)

 55 10 5 0 0 0 0 

Time for Primary Settlement 15 to 20 days 

Notes:  

1) Primary settlement at 10 m left of C/L is shown as zero since all peat will be removed and replaced 

with rock fill. 

 

Table 6.6 summarizes the predicted magnitude of secondary settlement versus time for the 

section at 12+000. 

Table 6.6:  Summary of Predicted Secondary Settlement versus Time at 12+000 

Time following Primary Consolidation 
Secondary Settlement  

(mm) 

6 months 30 

12 months 40 

18 months 45 

24 months 50 

5 years 60 

10 years 65 

15 years 70 

20 years 75 
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It should be noted that the secondary consolidation will occur only in areas where primary 

consolidation occurs.  Therefore, no secondary consolidation is expected at the left side of the 

embankment where all peat material is removed or across the right side of the existing 

embankment.  Some redistribution of stresses will occur within the embankment as the 

consolidation occurs.  As a result, the deformation of the pavement surface due to the 

secondary consolidation is expected to be a concave depression with maximum settlement (as 

shown in Table 6.4) occurring beneath the existing shoulder and side slope (approximately 6 m 

to 8 m left of existing C/L).  The impact of this differential settlement on the pavement 

performance is the primary design issue for this project. 

Settlement Predictions – Planned Grade Raise Sections 

Three short sections were identified in Table 6.1 where the existing highway embankment is 

underlain by peat and it is planned to raise the profile across all or part of the existing platform. 

The most critical cross section within these three areas is at 11+850, where it is proposed to 

raise the grades by approximately 150 mm, 25 mm and 10 mm at the left edge of pavement, 

centreline and left edge of pavement, respectively.  In addition, it is proposed to widen the 

platform on the left side.  This section is underlain by approximately 1.2 m of peat. 

The proposed grade increase across the left shoulder due to the widening is similar to what will 

occur at Station 12+200.  Primary settlement across the left shoulder is expected to be similar to 

what is predicted for Station 12+200 (10 to 55 mm; see table 6.6 above).  Near the centreline 

and across the right side of the embankment, the grade increases are significantly less (10 to 25 

mm) and primary settlement is predicted to be less than 5 mm. 

Table 6.7 summarizes the predicted magnitude of secondary settlement versus time for the 

section at 12+000. 

Table 6.7:  Summary of Predicted Secondary Settlement versus Time at 11+850 

 

Acceptable Levels of Embankment Settlement 

The maximum acceptable post construction settlement for highway embankments is not 

specified by code.  No structures are located within the embankment sections for this project, 

therefore, the primary concern is the impact of differential settlement on the pavement structure.  

Although not desirable, it is anticipated that up to 75 mm of settlement over a 15 year period 

could be tolerated.  The effects of primary settlement can largely be ignored provided paving of 

the top lift of asphalt is delayed by at least 3 weeks after completion of the grading adjustments 

Time following Primary Consolidation 
Secondary Settlement  

(mm) 

6 months 25 

12 months 30 

18 months 35 

24 months 40 

5 years 45 

10 years 50 

15 years 55 

20 years 60 
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and paving of the binder courses.  Based on this approach, secondary settlement is the primary 

concern.   

It is important to note that the values of settlement magnitude presented above in Tables 6.5 

and 6.5 are only predictions.  The methods for predicting the magnitude of consolidation of 

organic materials are not precise.  Additional uncertainty is inherent in predicting the time rate of 

settlements.  Further, the predicted values will vary due to factors such as variability in the initial 

material properties and the thickness of the peat deposit along the length and width of the 

highway. 

It is also important to note that some level of regrading or asphalt padding should be anticipated 

during the life of the pavement structure.  For instance in areas where 150 mm of grade raise is 

anticipated, initial settlements would be followed by future regrading, which in turn would induce 

further settlements.  Based on observations from the investigation, it is anticipated that a final 

grade raise of 150 mm would require 300 mm of new material over the next 30 to 50 years; this 

estimate includes the new construction materials as well as future padding. 

6.5 FOUNDATION DESIGN OPTIONS TO MINIMIZE IMPACT OF SETTLEMENT 

The magnitude of the predicted settlements beneath the future driving lanes and passing lanes 

is large enough that it will have an impact on road geometry (cross-fall and profile), ride quality 

and possibly safety.  

Nine possible treatment options were considered to either avoid or manage the settlement.  A 

general description of the treatment options is provided below.  The advantages, disadvantages, 

relative costs, risks and consequences of the options are provided in a Table in Appendix F. 

Option 1 - Conventional Construction 
- Construct widening using OPSD-203.020 
- Carry out pavement rehabilitation of existing lanes as per remainder of project limits & 

pave widening to match 
- Repair pavement as required in the future 

 

Option 2 – Full Reconstruction with Complete Removal of Organic material 
- Construct widening using OPSD-203.020, possibly to a greater width to allow for detour 

lanes 
- Remove existing embankment  and buried organic material 
- Construct new embankment and pavement structure  

 

Option 3 - Pre-load 
- Construct widening using OPSD-203.020 
- Build up grades within widening with granular. Delay paving widening and rehabilitation 

of existing pavement to allow for primary consolidation and portion of secondary 
consolidation. Pre-load periods are discussed in more detail in Section 7.2.  

- Carry out pavement rehabilitation of existing lanes as per remainder of project limits & 
pave widening to match 

- Repair pavement as required in the future 
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Option 4 - Surcharge 
- Construct widening using OPSD-203.020 
- Build up grades within widening with granular to higher than proposed final grades.  

Surcharge fill heights of 0.5 m to 2 m are typical for new embankments (as opposed to 
widenings)  

- Delay paving to allow settlement to occur (assume 1 construction season) 
- Remove surcharge material 
- Carry out pavement rehabilitation of existing lanes as per remainder of project limits & 

pave widening to match 
 

Option 5 - Lightweight Fill 
- Construct Widening using OPSD-203.020 
- Excavate existing roadway and replace fills with lightweight fill in order to achieve zero 

stress increase in organic layer beneath existing embankment.  The type of lightweight 
fill required will depend on the loads to be offset.  It is anticipated that zero stress 
increase could be achieved at some locations using a slag based lightweight fill, 
however, other areas would likely require the use of expanded polystyrene fill material. 

- Construct new pavement structure full width 
 

Option 6 - Soil Mixing 
- Construct widening using OPSD-203.020 
- Carry out soil mixing to stabilize the organic soils beneath the existing embankment 

(likely operation consists of auguring a series of large diameter holes on a tightly spaced 
grid; introducing cement and possibly some aggregate to blend with the organic soil 
resulting in a cemented composite block) 

-  Carry out pavement rehabilitation of existing lanes as per remainder of project limits & 
pave widening to match 

 

Option 7 – GeoPiers 
- Construct widening using OPSD-203.020 
- Construct GeoPier reinforcement of existing embankment so that it is no longer 

susceptible to significant settlement due to small load increases. Operation consists of 
auguring a series of large diameter holes, backfilling with compacted lifts of granular 
material to form columns of aggregate; cement powder may be added) 

- Carry out pavement rehabilitation of existing lanes as per remainder of project limits & 
pave widening to match 

 

Option 8 - Geosynthetic Reinforcement 
- Construct widening using OPSD-203.020 
- Remove existing pavement structure full depth and full width 
- Install geogrid at subgrade level across existing embankment and new passing lane. 
- Construct new pavement structure full width. 
- Repair pavement as required in the future 

 

Option 9 - Do Nothing 
- Do not construct widening 
- Carry out pavement rehabilitation of existing lanes as per remainder of project limits 
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It is noted that following review of the Draft Foundation Investigation and Design Report, the 

limits of the proposed passing lanes and the proposed profile were adjusted to minimize 

settlement of the organic soil deposits.  Option 3 (pre-loading) is the preferred option for 

managing the anticipated settlement associated with the revised highway geometry due to 

significantly lower initial cost and acceptable level of performance.  

6.6 EMBANKMENT STABILITY 

Stability of the embankment in its final configuration was analyzed using commercially available 

slope stability software (Slope/W).   

A zonal acceleration ration of 0.05, as per Table A3.1.1 of the CHBDC for the town of Norwood 

was used to generate a pseudo-static acceleration coefficient of 0.05 for use in the seismic 

stability analysis.  

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 2.5 and 2.2 were 

obtained under static and seismic loading conditions, respectively. A copy of the slope stability 

modeling results is provided in Appendix E. 

Stability of the temporary excavation walls during removal of the muskeg and marl material as 

per OPSD 203.020 is discussed in Section 7.1. 

6.7 IMPACT ON CPR RAILWAY EMBANKMENT 

An existing CPR railway is located to the right (South side) of the Highway 7 alignment.  From 

approximately 26+850 easterly, the centreline of the railway is located approximately 20 m right 

of the centreline of Highway 7. 

It is not known whether or not the CPR railway embankment is underlain by organic material.  

For the purpose of this assessment, it has been assumed that the buried organic deposits 

beneath the Highway 7 embankment are also present beneath the existing CPR embankment. 

Where a widening is constructed along the left (north) side of the existing highway and the 

grades are maintained across the right side, no settlement is expected at the CPR embankment 

due to the offset distance and limited depth and thickness of the organic deposit.  The CPR 

embankment is outside of the zone where the proposed widening will generate new loads.  No 

embankment widening is proposed along the right (south) side of the existing embankment in 

areas immediately adjacent to the CPR embankment, therefore there will be no impact on the 

CPR embankment due to widening for the passing lanes for Highway 7.   

The three sections where the grades are being raised across the right side of the existing 

embankment (Table 6.1) were reviewed and no settlement is expected at the CPR embankment 

due to the offset distance and limited depth and thickness of the organic deposit.   
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7.0 Recommendations 

7.1 EMBANKMENT WIDENING WITHIN SWAMPS 

Widening of the existing embankments to accommodate the passing lanes through swamp 

sections should be constructed in accordance with OPSS 209 using the excavation method 

(OPSS 209.07.03) and in accordance with OPSD 203.020 Embankments over Swamp – 

Existing Slope Excavated to 1H:1V. 

7.1.1 Excavation 

OPSD 203.020 allows for a 1H:1V slope down from the existing edge of granular to the top of 

the adjacent swamp and a vertical excavation below this level.  Due to the fibrous nature of the 

material, the peat is expected to stand approximately vertically for the short time duration 

required to excavate and backfill short sections. A slope stability analysis of a typical section 

with the excavation geometry as per OPSD 203.020 using the same soil parameters as shown 

in Table 6.5, indicated a factor of safety of approximately 1.5 under temporary (undrained) 

conditions.  A copy of the analysis results is included in Appendix E. 

It is noted that at many locations, the existing embankment fill, generally consists of silty sand 

extending beneath the water level.  Therefore, some sloughing of the existing embankment fill 

may occur.  Due to the limited depth of this fill beneath the water level (less than 1.5 m and 

most commonly less than 1 m) the extent of the sloughing is expected to be restricted to the 

area of the existing side slopes and shoulder rounding and is not expected to have a negative 

effect on the paved driving lanes of Highway 7. 

A slope stability analysis was carried out based on the following assumptions:  

 A typical section where the existing embankment is underlain by 1.0 m of peat over 1.0 

m of marl   

 Excavation geometry is carried out as per OPSD 203.020 

 The soil parameters as shown in Section 6.2 

The results of the analysis indicate a factor of safety of approximately 1.0 under temporary 

(undrained) conditions.  A copy of the analysis results is included in Appendix E.  A factor of 

safety of at least 1.3 is typically required for temporary excavation slopes. It is anticipated that 

the peat above the marl will act as a mat and will bridge across short sections, particularly over 

short longitudinal sections and where the marl is of limited thickness.    Therefore, it is 

recommended to impose an operational constraint limiting the width of the base of the 

excavation to no more than 3 m at any time.  A draft copy of a special provision invoking this 

requirement is included in Appendix G.  
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7.1.2 Backfill 

The observed water level was frequently near the top of the swamp material during the 

investigation. It is therefore expected that much of the backfill will be placed in wet conditions. 

As per OPSS 209.07.03.01, backfill material other than rock may be placed up to 600 mm 

above the water without compaction.  In order to limit post construction settlement due to the 

lack of compaction and to provide a stronger base for the overlying pavement structure, a 

coarse, angular material such as rock fill is recommended.  

Since no compaction is likely to be provided for most of the backfill, it is recommended that the 

backfill be placed a minimum of one construction season prior to placing the asphalt layers 

above it in order to allow for self settlement of the uncompacted embankment fill.  This 

requirement will be achieved by the preloading requirement of the peat and not impose a new 

specific project restriction. 

7.2 PRE-LOADING OF EMBANKMENT WIDENING 

7.2.1 Methodology 

It is recommended that the pre-loading option, as discussed in Section 6.5, be carried out to 

manage the settlement associated with the passing lane widenings and profile adjustments.  

Specifically this option would include the following steps: 

 Removal of swamp material from within the proposed widening as per OPSD 203.020 

 Backfill of the swamp section 

 Construction of the embankment fill and pavement structure subbase and base granular 
layers as per the Pavement Design Report. 

 Placement of additional granular fill (OPSS Granular A) up to the top of asphalt design 
grades throughout the proposed widening. 

 Allowing time for settlement to occur.   Settlement is to be monitored during this time period.   
Further discussion regarding the time duration for the pre-load and monitoring of settlement 
is provided below in Sections 7.2.2 and 7.2.3, respectively. 

 Blade off excess granular to the outside slopes upon completion of the pre-load period.  
Recompact surface.  Place the hot mix paving across the widened embankment. 

7.2.2 Pre-load Time Period 

In general, primary settlement of the organic deposits is expected to be complete within 15 to 20 

days of application of the new loads.  The majority of the self settlement of the uncompacted 

backfill is expected to occur within the first 6 months.   

Table 7.1 provides an assessment of the secondary settlement that is predicted to occur by 10, 

15 and 20 years post construction and following pre-load periods ranging from 0 to 2 years.   
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Table 7.1:  Summary of Predicted Post Construction Settlement versus Pre-load Time for Selected 
Peat Thicknesses 

  Peat Thickness = 500 mm Peat Thickness = 1 m Peat Thickness = 2 m 

Preload 
Time 

(years) 
Post Construction 
Settlement (mm) 

Post Construction 
Settlement (mm) 

Post Construction 
Settlement (mm) 

  
10 

years 
15 

years 
20 

years 
10 

years 
15 

years 
20 

years 
10 

years 
15 

years 
20 

years 

0 27 29 31 54 58 61 108 117 122 

0.25 19 21 22 37 41 44 74 82 88 

0.5 15 17 19 30 34 37 60 68 74 

0.75 13 15 16 26 30 33 52 60 66 

1 12 14 15 23 27 30 46 54 60 

2 8 10 12 16 20 23 32 40 46 

 

Based on the data presented in Table 7.2, approximately 50% of the total secondary settlement 

that is expected to occur within the 20 years post construction is likely to be complete by the 

end of the first 12 months and 66% of the secondary settlement is likely to be complete by the 

end of 2 years.  Beyond 2 years, the incremental benefit of waiting additional time is greatly 

diminished. This diminishing benefit of prolonging the pre-load time period is shown graphically 

in Figure 7.2. 

Figure 7.2:  Summary of Post Construction Settlement at 15 Years versus Pre-load Period 

 

The actual amount of secondary settlement remaining after the pre-load period will depend not 

only on the length of the pre-load period but also on variability in the thickness and properties of 

the buried organic layers.   
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Selection of the appropriate pre-load time period requires balancing the technical goal of 

minimizing post construction settlement with the potential implications to cost and schedule of 

extending the pre-load period.  A maximum tolerable post construction settlement of 75 mm 

over the design life of the pavement structure (15 years) has been proposed based on 

pavement performance.  It is noted that this amount of settlement would occur over the 15 year 

time period and that some maintenance, including localized patching may be carried out during 

that time period. A minimum of pre-load period of 6 months is recommended in order to limit 

post construction settlement to less than 75 mm over 15 years.  Based on the curves presented 

in Figure 7.2, all areas with less than 2 m thickness of buried peat would meet this objective and 

areas with 1 m or less of buried peat would likely experience less than 40 mm of settlement. 

A 12 month pre-load period would be beneficial from a technical perspective in further reducing 

post construction settlement and thereby future pavement maintenance costs, however, the pro-

longed delay may have contractual implications including increased project costs.  A possible 

construction schedule might be the following: 

Summer or Fall of Year 1  - construct widening 

Summer of Fall of Year 2  - pave the widening 

7.2.3 Pre-load Treatment – Monitoring Requirements 

Settlement monitoring should be carried out throughout the construction and pre-load period.  A 

structured settlement monitoring program that includes plans, details and specifications will 

need to be developed.   

The monitoring program is likely to include surveying of the surface elevation along the edge of 

existing pavement as well as the middle of the new passing lane at regularly spaced intervals 

(e.g. 50 m). The frequency of monitoring will be greater during the initial stages of construction 

and pre-loading since the expected rate of settlement is greatest during the initial stages.  

Sufficient data is required to develop a settlement versus time curve. 

7.3 CONSTRUCTION CONSIDERATIONS 

No dewatering is anticipated to be required for the proposed embankment construction.  It is 

anticipated that the rock fill placed as backfill following muskeg removal will be placed in the 

wet. 

Excavations for the muskeg removal have been discussed in Section 7.1.  No other excavation 

work is anticipated as part of the embankment construction. 

 

 

 


























































































































































































































































































































