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1. INTRODUCTION 

This report summarizes the results of the foundation investigation carried out for the detail design 

and construction for the replacement of four (4) retaining walls along Highway 7A in Port Perry, 

Ontario. The study was carried out by Peto MacCallum Ltd. (PML) for the Ministry of 

Transportation of Ontario (MTO). 

A Site and Photograph Location Plan, Drawing RW-1 is attached within this report which indicates 

the location of each retaining wall and location and direction of each photograph that was taken 

with respect to each retaining wall.  Site photographs indicated on the Site and Photograph 

Location plan are attached in Appendix FIR-A of this report.  Borehole Locations and Soil Strata 

are shown on attached Drawings, PS-1, SS-1 and OS-1. 

An internal MTO technical memorandum concerning the same retaining walls dated 

November 1, 1994, was reviewed and is attached in Appendix FIR-B of this report. 

All elevations in this report are expressed in metres.    

2. SITE DESCRIPTION AND RECONNAISSANCE SURVEY 

 

Four retaining walls are to be replaced on Highway 7A between Ottawa Street and Perry Street in 

Port Perry, Ontario.   

The details of each retaining wall identified for replacement can be found in the following table 

(Table 2). 
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Table 2: Details of Existing Retaining Walls 

RETAINING 
WALLS 

WALL # MTO SITE ID LENGTH (m) 
MAX HEIGHT 

(m) 

Perry Street Wall # 1 and 2 22-579/W, 22-580/W 32 and 11 1.25 and 0.75 

Simcoe Street Wall # 3 N/A 32 0.96 

Ottawa Street Wall # 4 22-578/W 78 1.35 

 

Two of the retaining walls, which are the farthest east along Highway 7A are near each other and 

are designated as the Perry Street retaining walls.  The retaining wall adjacent to Regional Road 2 

(Simcoe Street) is designated as the Simcoe Street retaining wall.  Lastly, the retaining wall which 

is the farthest west along Highway 7A is designated as the Ottawa Street retaining wall.  The 

Ottawa Street and Perry Street retaining walls are on the north side of Highway 7A while the 

Simcoe Street retaining wall is on the south side of Highway 7A.  These retaining walls are 

highlighted in green on the attached Site and Photograph Location Plan.   

The site reconnaissance survey was carried out on April 16, 2015.  Refer to Appendix FIR-A for 

the site photographs obtained on April 16 and subsequently on May 12 and 13, 2015 during the 

borehole drilling of each retaining wall. The site photos provide illustration of the existing slopes 

and drainage behind the existing walls.  

Refer to the attached Borehole Locations and Soil Strata Drawing for illustration of existing above 

ground utilities, trees and fences in close proximity to the existing walls.  

The existing retaining walls are of the modular precast concrete type, such as the Pisa Stone 

retaining walls.  The typical precast concrete element (stone) is approximately 75 mm thick, 

300 mm wide and 600 mm long.  The walls retain the front and side yards of the respective lots to 

provide room for a concrete or asphalt sidewalk immediately in front of the retaining walls.   

It is noted that the Ottawa Street retaining wall and sections of the Perry Street retaining wall were 

observed to have a forward lean while the other sections of the Perry Street and the Simcoe 

Street retaining walls were measured to stand nearly vertical.   
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According to the technical memorandum attached in Appendix FIR-B, the retaining walls were to 

be constructed at 1H:8V.  Assuming that the walls were constructed as designed, it is concluded 

that the retaining walls have experienced some movement mostly within the upper portion of the 

walls.   

The photographs attached in Appendix FIR-A illustrate the deterioration of the retaining walls 

and / or the layers of stones that comprise the walls.   

The Ottawa Street retaining wall (photographs 1 to 4) experienced forward movement / sliding or 

possible overturning in the top four to five lifts of stone near the far west end of the wall, as these 

layers of stones have been removed (see photograph 1).  Forward movement, spacing between 

stones and outward / forward leaning within the upper portion of the wall was observed throughout 

the reconnaissance and borehole investigation of the Ottawa Street retaining wall (see 

photographs 2, 3 and 4).  The upper portion of the Ottawa Street retaining wall was measured to 

be leaning forward / outward at an approximate slope of 1H:10V.  Based on photographs 2 and 3, 

this wall may have been raised by up to 6 rows of stones (450 mm) in the past.  No visible 

weeping holes for drainage of water infiltration that may exist behind the retaining wall were 

observed, indicating that drainage is being made through the retaining wall stone spaces.  The 

retaining wall also shows signs of missing and / or cracked stones and spacing between blocks 

near the east end of the walls.  

The Simcoe Street retaining wall (photographs 5 to 8) was measured to be near vertical and 

shows evidence of deteriorated / cracked stones, loose stones that may have been removed and 

replaced (see photographs 6 to 8).  Visible weeping holes were observed and noted at 

approximate 3 m intervals along the Simcoe Street retaining wall during the site reconnaissance.   

The Perry Street retaining walls (photographs 9 to 12) were also measured to be near vertical with 

a section of the upper portion of the wall leaning forward at an approximate slope of 1H:15V.  The 

stones illustrate deterioration as some stones have been removed while others show vertical 

cracking and spacing between the stones through which vegetation has grown (see 

photographs 9 to 11).  No visible weeping holes for drainage of water that may exist behind the 
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retaining walls were observed during the investigation and reconnaissance of the Perry Street 

retaining walls.    

3. SITE PHYSIOGRAPHY 

The project site lies within the Port Perry urban area which overlies the Schomberg Clay Plain. 

The primary physiographic units represented in and around the Port Perry area are; the Oak 

Ridges Moraine located to the south and the Peterborough Drumlin Field located north of the 

Moraine, west of Port Perry, and to the east of Lake Scugog toward Peterborough.  The soils are 

well drained Schomberg silty clay loam, imperfectly drained Smithfield silty clay loam, and poorly 

drained Simcoe silty clay and silt loams (Chapman and Putnam, 1984).  These soil types are 

typical of glacial till plains.  

4. INVESTIGATION PROCEDURES 

The subsurface investigation for the retaining walls was carried out on May 12 and 13, 2015.  A 

total of six boreholes were advanced behind the four retaining walls along Highway 7A.  Refer to 

the following table (Table 4) for information pertaining to the boreholes advanced for each 

retaining wall. 

Table 4: Details of Borehole Investigation 

RETAINING WALL 
LENGTH  

(m) 
BOREHOLES 

BOREHOLE DEPTH 
(m) 

Perry Street 32 and 11 PS-1 and PS-2 2.9 

Simcoe Street 32 SS-1 and SS-2 3.7 to 4.1 

Ottawa Street 78 OS-1 and OS-2 3.7 

All 6 boreholes were advanced behind the respective retaining walls to obtain information 

regarding the existing backfill material, groundwater conditions and the founding soil for each 

retaining wall.  Refer to Drawings PS-1, SS-1 and OS-1 for the borehole locations and soil strata. 

PML laid out the proposed borehole locations on site in order to organize and carry out the 

clearances of various underground services and utilities in the vicinity of the proposed borehole 

locations.  Several of the boreholes needed relocation due to interference from underground and 

overhead services.  All the required permission to enter and construct forms were completed and 
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obtained from the private property owners whose properties fall adjacent to the investigated 

retaining walls.  

The Ottawa Street retaining wall had both boreholes relocated 2 to 3 m behind the retaining wall 

due to an untraceable asbestos cement watermain that exists approximately 1 m behind the 

retaining wall, according to The Regional Municipality of Durham Water Locate Department.  In 

addition to the untraceable watermain, overhead utilities including existing hydro poles within 1 m 

behind the Ottawa Street retaining wall also caused the relocation of boreholes OS-1 and OS-2.   

Similarly, borehole PS-2 required relocation due to a 1.2 m wide underground Bell conduit 

containing multiple ducts located within 1 m behind the retaining walls.  Borehole PS-1 was drilled 

at the proposed location, directly behind the retaining wall, because there was sufficient clearance 

between the Bell conduit and the back of the retaining wall.  

Boreholes SS-1 and SS-2 were relocated from directly behind the wall to 0.8 m behind the 

retaining wall due to the requirement to maintain the required minimum separation from the 

overhead utilities including the presence of hydro poles located approximately 1 m in front of the 

retaining wall.   

After completion of the investigation Coe Fisher Cameron Surveyors, a wholly owned subsidiary 

of J.D. Barnes Limited, determined the coordinates and ground surface elevations of the borehole 

locations.  All elevations in this report are expressed in metres and are referred to the geodetic 

datum.  

Boreholes OS-1, OS-2, PS-1 and PS-2 were advanced using a manual hammer while boreholes 

SS-1 and SS-2 were advanced using continuous flight solid stem augers, powered by a track 

mounted 7822DT Geoprobe, supplied and operated by a specialist drilling subcontractor, working 

under the full-time supervision of a member of the PML engineering staff.   

Representative samples of the soils were recovered in the boreholes at depth intervals of 0.75 m.  

The soil samples were obtained using a split spoon sampler in conjunction with standard 
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penetration tests.  A single in situ vane shear testing was also performed in borehole SS-2 to 

assess the shear strength of a layer of the cohesive soils.   

The groundwater conditions at the borehole locations were assessed during drilling by visual 

examination of the soil, the sampler and drill rods as the samples were retrieved and upon 

completion of drilling.  The water level observations are noted on the attached record of boreholes 

and in subsequent sections of this report. 

All boreholes were backfilled in accordance with the MTO guidelines and MOE Reg. 903 for 

borehole abandonment procedures.  

Soils were identified in the field in accordance with the MTO Soil Classification procedures. 

Recovered soil samples were returned to the PML laboratory in Toronto for detailed visual 

examination, moisture content determination and soil classification.  Laboratory testing including 

grain size distribution analyses, hydrometer analyses, Atterberg limits testing and specific gravity 

determination was conducted at the MTO laboratory at the Downsview complex.  The laboratory 

testing program comprised the following tests: 

• Natural moisture content determinations (28)  

• Grain size distribution analyses (9) 

• Hydrometer analyses (8) 

• Atterberg limits (8) 

The results of the laboratory natural moisture content determinations, grain size distribution 

analyses and Atterberg limits are shown on the Record of Borehole sheets.  The grain size 

distribution charts for the respective soil types are presented in Figures RW-GS-1 to RW-GS-4 

and the Atterberg limits results for the respective soil types are presented in Figures RW-PC-1 to 

RW-PC-3. The results of Atterberg limits testing, moisture content determinations and frost 

susceptibility of the soils are listed in Table A.   
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5. SUMMARIZED SUBSURFACE CONDITIONS 

5.1 General 

Refer to the Record of Borehole sheets for the details of the subsurface conditions including soil 

classifications, inferred stratigraphy, soil boundary levels and groundwater observations. 

The location of the Perry Street, Simcoe Street and Ottawa Street retaining wall structures are 

presented on the attached Drawing RW-1.  

5.2 Perry Street Retaining Walls  

Boreholes PS-1 and PS-2 were advanced behind the 32 and 11 m long retaining walls located 

within the vicinity of Perry Street.  The soil stratigraphy revealed in the boreholes comprised 

topsoil and / or granular fill overlying cohesive deposits of clayey silt glacial till.  

5.2.1 Topsoil 

A 0.2 to 0.3 m thick surficial topsoil layer was encountered in boreholes PS-1 and PS-2.  The 

topsoil layer extended to elevations 263.2 and 262.0 in boreholes PS-1 and PS-2 respectively.  

5.2.2 Granular Fill 

Underlying the topsoil at a depth of 0.3 m in borehole PS-1 was granular fill.  The non-cohesive fill 

layer comprised sandy gravel with 17% silt and organics inclusions.  The sandy gravel fill was 

loose to compact in relative density (SPT-‘N’ values of 5 to 21) and was penetrated at a depth of 

1.8 m (elevation 261.7).  The moisture content of the granular fill was determined to range 

between 2 and 21%.  The higher moisture content is attributed to the organic inclusions contained 

within the fill deposit.   

The results of the grain size distribution analysis performed on one sample of the sandy gravel fill 

in borehole PS-1 is presented in Figure RW-GS-1.  The grain size distribution was plotted against 

the Granular A gradation requirement envelope for comparative purposes for acceptable backfill 
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material.  The granular fill encountered in borehole PS-1 does not meet the requirements for 

acceptable backfill material due to higher than specified fines content of 17%, while the allowed 

range is between 5 and 8%. 

5.2.3 Clayey Silt Till 

Clayey silt glacial till was revealed below the granular fill in borehole PS-1 and below the topsoil in 

borehole PS-2.  The clayey silt till was encountered at depths of 1.8 and 0.2 m (elevation 261.7 and 

262.0) in boreholes PS-1 and PS-2 respectively.  This stratum was stiff to hard in consistency 

(SPT-‘N’ values of 11 to 63) and had a moisture content ranging from 10 to 16%.  With a measured 

thickness of 1.1 and 2.7 m, the clayey silt glacial till was not penetrated upon termination of the 

boreholes at a depth of 2.9 m (elevation 260.6 and 259.3) in boreholes PS-1 and PS-2 respectively. 

The results of Atterberg limits testing and grain size distribution analyses conducted on two samples 

of clayey silt till from boreholes PS-1 and PS-2 are presented in respective Figures RW-GS-3 and 

RW-PC-2.  The liquid and plastic limits of the clayey silt till in boreholes PS-1 and PS-2 ranged from 

25 to 30 and from 15 to 16 respectively, with the plasticity index of 10 to 14.  

The clayey silt glacial till in boreholes PS-1 and PS-2 was found to have a medium to high 

susceptibility to frost heave (MSFH-HSFH) based on the percentage of particles between the 75 

and 5 µm sieves.  The percentage of particles between the 75 and 5 µm sieves was found to be 

43 and 57% based on the 2 samples tested.  This medium to high susceptibility to frost heave 

could impact the performance of the retaining walls if this native soil exists behind the retaining 

structure at any location above the founding elevation.  Refer to Table A for the material 

properties of the soil. 

5.2.4 Groundwater 

No groundwater was observed in any of the boreholes during or upon completion of drilling.  

However, it is noted that the groundwater levels are subjected to seasonal fluctuations and rainfall 

patterns.  



Foundation Investigation Report 
Retaining Walls, Highway 7A, Township of Port Perry 
Agreement No. 2013-E-0039, Task No. 2013-E-0039-008, Index No.:  011FIR 
PML Ref.:  15TF002, October 15, 2015, Page 9 
 

 

 

5.3 Simcoe Street Retaining Wall 

Boreholes SS-1 and SS-2 were advanced behind the 32 m long retaining wall located within the 

vicinity of Simcoe Street.  The soil stratigraphy revealed in the boreholes comprised topsoil over 

sandy clayey silt fill overlying cohesive deposits of clayey silt glacial till.  

5.3.1 Topsoil 

A 0.2 to 0.3 m thick surficial topsoil layer was encountered in boreholes SS-1 and SS-2.  The 

topsoil layer extended to elevations 263.5 and 263.2 in boreholes SS-1 and SS-2 respectively.  

5.3.2 Fill 

Underlying the topsoil at a depth of 0.2 and 0.3 m in boreholes SS-1 and SS-2 was sandy clayey 

silt to clayey silt with sand fill.  The cohesive fill layer in boreholes SS-1 and SS-2 was soft to stiff 

in relative density (SPT-‘N’ values of 2 to 14) and was penetrated at a depth of 1.3 and 1.4 m 

(elevation 262.4 and 262.1) in boreholes SS-1 and SS-2 respectively.  The moisture content of the 

cohesive fill was determined to range between 12 and 17%.   

The results of Atterberg limits testing and grain size distribution analyses conducted on two 

samples of cohesive fill from boreholes SS-1 and SS-2 are presented in respective 

Figures RW-GS-2 and RW-PC-1.  The liquid limits of the cohesive fill ranged from 18 to 21, while 

the plastic limit was 13 for both samples.  The corresponding plasticity index was found to range 

from 5 to 8 for the cohesive fill.   

The clayey silt fill in boreholes SS-1 and SS-2 was found to have very similar material properties 

to the native clayey silt till encountered in the boreholes.  The remolded cohesive fill has a low to 

medium susceptibility to frost heave (LSFH-MSFH) based on the percentage of particles between 

the 75 and 5 µm sieves.  The percentage of particles between the 75 and 5 µm sieves was found 

to be 40 and 38% based on the 2 samples tested.  This low to medium susceptibility to frost 

heave will impact the performance of the retaining wall as this soil was encountered behind the 

retaining wall.  Refer to Table A for the material properties of the soil. 
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For illustration purposes, the grain size distribution analyses for the cohesive fill in 

Figure RW-GS-2 was plotted against the Granular A gradation requirements envelope for 

acceptable backfill material.  The cohesive material is not acceptable backfill material for the 

retaining wall.  

5.3.3 Clayey Silt Till 

Clayey silt glacial till was revealed below the cohesive fill in boreholes SS-1 and SS-2.  The clayey 

silt till was encountered at depths of 1.3 and 1.4 m (elevation 262.4 and 262.1) in boreholes SS-1 

and SS-2 respectively.  This stratum was firm to very stiff in consistency (SPT-‘N’ values of 5 to 

28) and had a moisture content ranging from 10 to 18%. 

The results of Atterberg limits testing and grain size distribution analyses conducted on two 

samples of the clayey silt till from boreholes SS-1 and SS-2 are presented in respective 

Figures RW-GS-3 and RW-PC-2.  The liquid and plastic limits of the clayey silt till in 

boreholes SS-1 and SS-2 ranged from 18 to 24 and from 13 to 14 respectively, with the plasticity 

index of 5 to 10.  With a measured thickness of 2.4 and 2.7 m, the clayey silt glacial till was not 

penetrated upon termination of the boreholes at depths of 3.7 and 4.1 m (elevation 260.0 and 

259.4) in boreholes SS-1 and SS-2 respectively. 

The clayey silt glacial till in boreholes SS-1 and SS-2 was found to have a low susceptibility to 

frost heave (LSFH) based on the percentage of particles between the 75 and 5 µm sieves.  The 

percentage of particles between the 75 and 5 µm sieves was found to be 29 and 37% based on 

the 2 samples tested.  It should be noted that 40 percent of particles between 75 and 5 µm sieves 

is the limit between low and medium susceptibility to frost heave and this material can result in 

frost heaving action.  The clayey silt glacial till could impact the performance of the retaining wall if 

this native soil exists behind the retaining structure at any location above the founding elevation. 

Refer to Table A for the material properties of the soil.  
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5.3.4 Groundwater 

No groundwater was observed in any of the boreholes during or upon completion of drilling.  

However, it is noted that the groundwater levels are subjected to seasonal fluctuations and rainfall 

patterns. 

5.4 Ottawa Street Retaining Wall 

Boreholes OS-1 and OS-2 were advanced behind the 78 m long Ottawa Street retaining wall.  The 

soil stratigraphy revealed in boreholes OS-1 and OS-2 comprised topsoil overlying non-cohesive 

deposits of sand and silt to sandy silt glacial till. 

5.4.1 Topsoil 

A 0.3 m thick surficial topsoil layer was encountered in boreholes OS-1 and OS-2.  The topsoil 

layer extended to elevations 271.7 and 269.6 in boreholes OS-1 and OS-2 respectively.   

5.4.2 Sand and Silt Till / Sandy Silt Till 

Sand and silt to sandy silt glacial till was revealed below the topsoil at a depth of 0.3 m 

(elevation 271.7 and 269.6) in boreholes OS-1 and OS-2 respectively.  This stratum was typically 

compact to dense in relative density (SPT-‘N’ values of 13 to 44) and had a moisture content 

ranging from 8 to 15%.  With a measured thickness of 3.4 m, the sand and silt to sandy silt glacial 

till was not penetrated upon termination of the boreholes at a depth of 3.7 m (elevation 268.3 and 

266.2) in boreholes OS-1 and OS-2 respectively.   

The results of Atterberg limits testing and grain size distribution analysis performed on one sample 

of sand and silt till and one sample of sandy silt till from boreholes OS-1 and OS-2 are presented 

in respective Figures RW-PC-3 and RW-GS-4.  The liquid and plastic limits of the sand and silt to 

sandy silt till was 15 and 12 respectively, with the plasticity index of 3 for both samples. 

The sand and silt to sandy silt glacial till was found to have a low to medium susceptibility to frost 

heave based on the percentage of particles between the 75 and 5 µm sieves.  The percentage of 
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particles between the 75 and 5 µm sieves was found to be 36 and 42% based on the 2 samples 

tested.  This low to medium susceptibility to frost heave could impact the performance of the 

retaining wall.  Refer to Table A for the material properties of the soil.  

5.4.3 Groundwater 

Perched water was detected in the process of augering at a depth of 2.4 m (elevation 267.5) in 

borehole OS-2.  The perched water dissipated as the borehole advanced to termination.  

Groundwater was not observed in any of the boreholes during and upon completion of drilling in 

May 2015.  However, it is noted that the groundwater levels are subjected to seasonal fluctuations   

and rainfall patterns.     
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Table A, Page 1 of 1 

TABLE A 

LIST OF ATTERBERG LIMITS, MOISTURE CONTENT RESULTS 
AND FROST SUSCEPTIBILITY 

SOIL TYPE 
BOREHOLE 

NO. 
SAMPLE  

NO. 

SAMPLE 
DEPTH     

(m) 

LIQUID 
LIMIT  
(WL) 

PLASTIC 
LIMIT   
(WP) 

PLASTICITY 
INDEX         

(PI) 

MOISTURE 
CONTENT  

(%) 

% PARTICLES 
BETWEEN 

5 µm & 75 µm 

FROST 
SUSCEPTIBILITY 

Clayey Silt 
Fill 

SS-1 2 0.8 - 1.4 21 13 8 14 40 LSFH-MSFH 

SS-2 2 0.8 - 1.4 18 13 5 12 38 LSFH 

Clayey Silt 
Till 

PS-1 4 2.3 – 2.9 30 16 14 15 57 HSFH 

PS-2 3 1.5 – 2.1 25 15 10 13 43 MSFH 

SS-1 4 2.3 – 2.9 24 14 10 17 29 LSFH 

SS-2 3 1.5 – 2.1 18 13 5 12 37 LSFH 

Sand and 
Silt to Sandy 

Silt Till 

OS-1 3 1.5 – 2.1 15 12 3 9 36 LSFH 

OS-2 2 0.8 - 1.4 15 12 3 11 42 MSFH 
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Photograph 1: Taken at the west end of the Ottawa Street retaining wall, facing east. 

(April 16, 2015) 
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Photograph 2: Taken at the Ottawa Street retaining wall, facing northeast. (May 13, 2015) 

 

 
Photograph 3: Taken near the east end of the Ottawa Street retaining wall, facing northeast. 

(May 13, 2015) 
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Photograph 4: Taken at the east end of the Ottawa Street retaining 

wall, facing west. (May 13, 2015) 
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Photograph 5: Taken at the east end of the Simcoe Street retaining wall, facing west.  

(April 16, 2015) 
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Photograph 6: Taken at the Simcoe Street retaining wall, facing 

southwest. (April 16, 2015) 
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Photograph 7: Taken at the Simcoe Street retaining wall, facing 

southeast. (April 16, 2015) 
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Photograph 8: Taken at the west end of the Simcoe Street 

retaining wall, facing east. (April 16, 2015) 
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Photograph 9: Taken at the Perry Street retaining wall, facing east. 

(April 16, 2015) 
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Photograph 10: Taken at the Perry Street retaining wall, facing west. 

(April 16, 2015) 
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Photograph 11: Taken at the Perry Street retaining wall, facing 

northeast. (April 16, 2015) 
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Photograph 12: Taken at the Perry Street retaining wall, facing west. 

(April 16, 2015) 
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7. INTRODUCTION 

7.1 General 

This report provides recommendations for foundation design and comments for construction of the 

replacement retaining wall structures along Highway 7A in Port Perry, Ontario.   

The project calls for the replacement of four earth retaining walls that are located on the north or 

south sides of Highway 7A.  The Site and Photograph Location Plan, Drawing RW-1 in the 

Foundation Investigation Report, illustrates the locations of the four retaining walls.  Drawings PS-1, 

SS-1 and OS-1 depict the borehole locations and soil strata at the respective retaining wall sites. 

The existing retaining walls are of the modular precast concrete type, such as Pisa Stone 

retaining walls.  The typical precast concrete element (stone) is approximately 75 mm thick, 

300 mm wide and 600 mm long.  The walls retain the front and side yards of the respective lots to 

provide room for a concrete or asphalt sidewalk immediately in front of the structures. The details 

of each retaining wall identified for replacement can be found in the following table (Table 7.1). 

Table 7.1: Details of Existing Retaining Walls 

RETAINING 
WALLS 

WALL # MTO SITE ID LENGTH (m) 
MAX HEIGHT 

(m) 

Perry Street Wall # 1 and 2 22-579/W, 22-580/W 32 and 11 1.25 and 0.75 

Simcoe Street Wall # 3 N/A 32 0.96 

Ottawa Street Wall # 4 22-578/W 78 1.35 

The deterioration of the existing retaining walls is attributed to lack of drainage behind the walls, 

frost susceptibility of the backfill and native soils present at the site and deterioration of the 

adhesive or cementing material over time.   

All elevations in this report are expressed in metres.  
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7.2 Perry Street Retaining Walls – Wall #’s 1 and 2 

In summary, the soil stratigraphy revealed in the reference boreholes PS-1 and PS-2 for the 

Perry Street retaining walls generally comprised topsoil and / or granular fill overlying a deep and 

continuous deposit of clayey silt till.  The retaining walls are founded in a desiccated zone of the 

glacial till, which was not penetrated by the reference boreholes and extends to levels below 

elevations 259.3 to 260.6.  The cohesive till typically exhibited very stiff to hard consistency.   

No groundwater was observed in either borehole during or upon completion of drilling.  

7.3 Simcoe Street Retaining Wall – Wall # 3 

In summary, the soil stratigraphy revealed in the reference boreholes SS-1 and SS-2 for the 

Simcoe Street retaining wall generally comprised topsoil overlying fill material, underlain by an 

extensive deposit of clayey silt till.  The retaining wall is founded in a desiccated zone of the 

glacial till, which was not penetrated by the reference boreholes and extends to levels below 

elevations 259.4 to 260.0.  The cohesive till typically exhibited stiff to very stiff consistency.  

No groundwater was observed in either borehole during or upon completion of drilling.  

7.4 Ottawa Street Retaining Wall – Wall # 4 

In summary, the soil stratigraphy revealed in the reference boreholes OS-1 and OS-2 for the 

Ottawa Street retaining wall generally comprised topsoil overlying an extensive deposit of sand 

and silt to sandy silt till.  The retaining wall is founded in the glacial till, which was not penetrated 

by the reference boreholes extending to levels below elevations 266.2 to 268.3.  The 

non-cohesive till typically exhibited compact to dense relative density.   

Perched groundwater was observed during drilling at 2.4 m depth (elevation 267.5) in 

borehole OS-2.  No water was observed in borehole OS-2 upon completion of drilling.  However, it 

should be noted that groundwater levels are subject to seasonal fluctuations and rainfall patterns.  
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8. EVALUATION OF RETAINING WALL ALTERNATIVES 

8.1 General 

Refer to Table 8.1 for the comparison of retaining wall alternatives proposed for the replacement 

of the 4 structures.  A retained soil system (RSS) gravity type, RSS mechanically stabilized earth 

(MSE) type and conventional cast-in-place concrete walls bearing on spread footings were 

considered as feasible alternatives.  

Table 8.1: Comparison of Retaining Wall Alternatives 

WALL 
ALTERNATIVE 

ADVANTAGES DISADVANTAGES 
RISKS / 

CONSEQUENCES 
RELATIVE 

COST 

Cast-in-Place 
Concrete on 

Spread Footings 

Longer service life 
than RSS walls. 

Requires site specific 
design. 

Requires deeper frost 
protection and hence 
deeper excavations to 
construct footings. 

Increased risk of 
destabilization of retained 
ground due to deeper 
excavation requirements for 
foundations. 

Increases risk of dewatering 
issues due to deeper 
excavation requirements for 
foundations. 

May require protection or 
relocation of utilities. 

More 
expensive 
than RSS 
walls. 

Cast-in-Place 
Concrete on 

Deep 
Foundations 

Longer service life 
RSS Walls. 

Requires site specific 
design. 

Requires more 
complex construction 
including pile 
installation equipment. 

Increased risk of 
destabilization of retained 
ground due to deeper 
excavation requirements for 
foundations. 

Increases risk of dewatering 
issues due to deeper 
excavation requirements for 
foundations. 

May require protection or 
relocation of utilities. 

More 
expensive 
than RSS 
walls and CIP 
spread footing 
walls. 
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WALL 
ALTERNATIVE 

ADVANTAGES DISADVANTAGES 
RISKS / 

CONSEQUENCES 
RELATIVE 

COST 

RSS  

Gravity Type 

Superior 
appearance. 

Fast and efficient 
design and 
construction. 

Less depth of 
excavation 
required for frost 
protection of 
footings. 

 Contracting protocol for RSS 
would permit any type of 
RSS wall that meets the 
performance and 
appearance requirements 
and some types or walls may 
be inappropriate due to their 
backfill requirements.   

Less 
expensive 
than 
cast-in-place 
or RSS MSE 
or Deep 
Foundations 
walls. 

RSS 

Mechanically 
Stabilized Earth 

(MSE) Type 

Superior 
appearance. 

Requires more 
excavation for MSE 
zone behind walls that 
could impact existing 
utilities and 
vegetation. 

Contracting protocol for RSS 
would permit any type of 
RSS wall that meets the 
performance and 
appearance requirements 
and some types or walls may 
be inappropriate due to their 
backfill requirements.   

More 
expensive 
than RSS 
Gravity walls. 

RSS 

Deep 
Foundations 

Type 

Superior 
appearance. 

Requires more 
excavation and pile 
installation equipment. 
The installation of 
piles could impact 
existing utilities and 
vegetation. 

Contracting protocol for RSS 
would permit any type of 
RSS wall that meets the 
performance and 
appearance requirements 
and some types or walls may 
be inappropriate due to their 
backfill requirements.   

More 
expensive 
than RSS 
Gravity walls. 

 

8.2 Preferred Alternative 

In consideration of the low height of the walls, the space and property constraints and the relative 

costs, a proprietary gravity block wall comprising modular precast concrete elements is the 

preferred alternative for the replacement of the 4 retaining walls.  The net increase in pressure 

from the new wall backfill will be relatively small given that the proposed height of the structures 

will be similar to that of the existing structures at a maximum of about 1.5 m.   

Consideration should be given to explicitly specifying a gravity type RSS wall with medium 

performance and high appearance in order to avoid the possibility of other types of RSS walls that 

might not be appropriate for this application and that could impose unnecessary property damage 

due to the extent of their backfill zones.  
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9. FOUNDATION RECOMMENDATIONS 

9.1 Retained Soil System (RSS)  

The following comments pertain to both RSS gravity type and RSS MSE type retaining walls.   

A medium performance, high appearance rated RSS wall should be employed.  The design, 

supply and construction of the RSS wall should conform to SP 599S22 and SP 599S23. 

RSS walls can be founded at the same locations as the existing structures on the native glacial till 

soils.  Refer to Sections 9.1.1, 9.1.2 and 9.1.3 of this report for further details pertaining to each 

specific retaining wall site.  It is envisioned that the RSS earth retaining walls will be constructed 

utilizing a series of steps in the founding level to match the elevation variations with respect to the 

site grading.  

The RSS supplier should be responsible for specifying the type of backfill material to be employed 

and the drainage requirements behind the RSS walls for the replacement of the retaining walls.   

The designer of the RSS should be responsible for the detail design of the structures and provide 

drawings to show pertinent information such as location, length, height, elevations, performance 

level, appearance, etc. 

9.1.1 Perry Street Retaining Walls – Walls # 1 and 2 

The existing Perry Street retaining walls are 32 and 11 m in length and range from approximately 

0.2 to 1.25 m in height above the adjacent paved asphalt sidewalk.  The adjacent asphalt 

sidewalk gradually slopes downward from west to east. 

The factored geotechnical resistance at ultimate limit state (ULS) and the geotechnical 

resistances at serviceability limit states (SLS) at the recommended founding level for RSS gravity 

type, RSS MSE type and cast-in-place alternatives for the Perry Street retaining walls are 

summarized in the following table (Table 9.1.1). 
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Table 9.1.1: Perry Street Retaining Walls Founding Parameters 

RETAINING 
WALL 

RETAINING 
WALL TYPE 

FOUNDING 
ELEVATION  

(m) 

REFERENCE 
BOREHOLE 

FOUNDING 
SOIL 

FACTORED 
GEOTECHNICAL 

RESISTANCE  
AT ULS (kPa) 

GEOTECHNICAL 
RESISTANCE  
AT SLS (kPa) 

Perry 
Street 

West Wall 
# 1 

RSS 261.7 

PS-1 

Very Stiff 
to Hard 

Clayey Silt 
Till 

225 150 

Cast-in-Place 260.9 225 150 

Perry 
Street 

East Wall 
# 2 

RSS 260.7 

PS-2 

Stiff to 
Hard 

Clayey Silt 
Till 

225 150 

Cast-in-Place 259.9 225 150 

The recommended geotechnical resistance at SLS allows for a maximum 25 mm compression of 

the founding medium. 

9.1.2 Simcoe Street Retaining Wall – Wall # 3 

The existing Simcoe Street retaining wall is 32 m in length and ranges from approximately 0.3 to 

0.96 m in height above the adjacent sidewalk. The adjacent sidewalk gradually slopes downward 

from east to west.       

 

The factored geotechnical resistance at ultimate limit state (ULS) and the geotechnical 

resistances at serviceability limit states (SLS) at the recommended founding level for RSS gravity 

type, RSS MSE type and cast-in-place alternatives for the Simcoe Street retaining wall is 

summarized in the following table (Table 9.1.2).  

Table 9.1.2: Simcoe Street Retaining Wall Founding Parameters 

RETAINING 
WALL 

RETAINING 
WALL TYPE 

FOUNDING 
ELEVATION  

(m) 

REFERENCE 
BOREHOLE 

FOUNDING 
SOIL 

FACTORED 
GEOTECHNICAL 

RESISTANCE  
AT ULS (kPa) 

GEOTECHNICAL 
RESISTANCE  
AT SLS (kPa) 

Simcoe 
Street 

RSS 261.9 
SS-1 

Firm to Stiff 
Clayey Silt 

Till 

150 100 

Cast-in-Place 261.1 150 100 

RSS 261.9 
SS-2 

Stiff to Very 
Stiff Clayey 

Silt Till 

150 100 

Cast-in-Place 261.1 150 100 
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The recommended geotechnical resistance at SLS allows for a maximum 25 mm compression of 

the founding medium. 

9.1.3 Ottawa Street Retaining Wall – Wall # 4 

The existing Ottawa Street retaining wall is 78 m in length and ranges from approximately 0.3 to 

1.35 m in height above the adjacent paved boulevard.  The adjacent asphalt sidewalk slopes 

downward from the west end to the east end of the retaining wall.   

The factored geotechnical resistance at ultimate limit state (ULS) and the geotechnical 

resistances at serviceability limit states (SLS) at the recommended founding level for RSS gravity 

type, RSS MSE type and cast-in-place alternatives for the Ottawa Street retaining wall is 

summarized in the following table (Table 9.1.3). 

Table 9.1.3: Ottawa Street Retaining Wall Founding Parameters 

RETAINING 
WALL 

RETAINING 
WALL TYPE 

FOUNDING 
ELEVATION  

(m) 

REFERENCE 
BOREHOLE 

FOUNDING 
SOIL 

FACTORED 
GEOTECHNICAL 

RESISTANCE  
AT ULS (kPa) 

GEOTECHNICAL 
RESISTANCE  
AT SLS (kPa) 

Ottawa 
Street 

RSS 270.5 
OS-1 

Dense 
Sand and 

Silt Till 

225 150 

Cast-in-Place 269.7 225 150 

RSS 267.9 

OS-2 
Dense 

Sandy Silt 
Till 

225 150 

Cast-in-Place 267.1 225 150 

The recommended geotechnical resistance at SLS allows for a maximum 25 mm compression of 

the founding medium. 

9.2 Cast-in-Place Concrete Walls 

9.2.1 Geotechnical Bearing Resistances 

Cast-in-place concrete walls bearing on spread footings are also considered to be feasible at the 

project sites. The geotechnical resistances and founding elevations recommended in 

Sections 9.1.1, 9.1.2 and 9.1.3 apply for cast-in-place structures founded on native soils.   
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9.2.2 Lateral Earth Pressure 

The retaining walls should be designed to resist the unbalanced lateral earth pressure imposed by 

the backfill adjacent to the wall.  The lateral earth pressure, p (kPa) may be computed using the 

following equation.   

 p  = K (h + q) + Cp + Cs 

 Where: K  = coefficient of lateral earth pressure (dimensionless) 

    = unit weight of free-draining granular material, kN/m
3
 

  h  = depth below final grade, m 

  q  = surcharge load, kPa, if present 

  Cp  = compaction pressure, kPa 

  Cs  = earth pressure induced by seismic events, kPa  

    

Free-draining granular material should be used as backfill behind the wall.  Refer to Table 9.2.2 

for parameters recommended for design: 

Table 9.2.2: Parameters for Backfill Material 

PARAMETERS GRANULAR A OR GRANULAR B TYPE II 

Internal Friction Angle, Ø (degrees) 35 

Unit weight,  (kN/m
3
) 22.8 

Coefficient of Active Earth Pressure, Ka 0.27 

Coefficient of Earth Pressure At Rest, Ko 0.43 

Coefficient of Passive Earth Pressure, Kp 3.69 

 

The coefficient of earth pressure at rest should be used for the design of unyielding walls.  The 

active earth pressure coefficient should be used for unrestrained structures.  Alternatively, the 

material above the top of the wall could be treated as a surcharge load (q in the preceding 

equation). 

The magnitude of the passive resistance is dependent on the actual lateral movement of the 

structure toward the retained soil.  Refer to Figure C6.16 of the CHBDC for this computation.   
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9.2.3 Sliding Resistance 

The horizontal resistance / sliding resistance of the foundations should be calculated in 

accordance with Section 6.7.5 of the CHBDC (2006).  The coefficient of friction, tan δ, between 

the retaining walls and the native glacial till soils may be taken as 0.45. 

9.2.4 Backfill 

The backfill behind the retaining walls should consist of suitable free draining granular materials 

such as Granular A or Granular B Type II and the backfill geometry should be according to 

OPSD 3121.150 and OPSD 3120.100.  Backfilling adjacent to retaining structures should be 

carried out in conformance with OPSS.PROV 501.  In view of the urban location of the retaining 

walls that will be subjected to frequent watering resulting in possible contamination of the backfill 

with silt particles, protection using geotextile fabric should be considered.  The geotextile should 

be placed between the soil and the granular backfill and should consist of the same material 

specified for the sub drain system in Section 10.6 of the report.  

9.3 Global Stability Analysis 

The global stability of the Perry Street and Ottawa Street retaining walls were analysed using the 

limit equilibrium method (Morgenstern-Price) and employing the commercially available program 

SLOPE/W version 7.23 developed by Geo-Slope International Ltd.   

Based on the results of the Perry Street subsurface investigation, the retaining walls are founded 

on native clayey silt till.  The global stability analysis, using effective stress parameters, indicates 

that the critical cross-section of the retaining walls will have a Factor of Safety (FoS) greater than 

1.5 against deep seated, global failure surface as shown on Figure 1 in Appendix FDR-B.  

Based on the results of the Ottawa Street subsurface investigation, the retaining wall is founded 

on native sandy silt till with perched water encountered at about elevation 267.5.  The global 

stability analysis, using effective stress parameters, indicates that the critical cross-section of the 

retaining wall will have a Factor of Safety (FoS) greater than 1.5 against deep seated, global 

failure surface as shown on Figure 2 in Appendix FDR-B. 
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The results of the Ottawa and Perry Street global stability analyses are considered to be 

representative of all 4 retaining walls identified for replacement. 

9.4 Foundation Frost Depth 

The foundation frost depth for structure foundations at this site is 1.4 m, according to 

OPSD 3090.101.  The native soils will allow for a minimum of 0.6 and 1.4 m partial and full 

foundation frost protection for RSS type and cast-in-place type retaining walls, respectively.   

9.5 Seismic Site Coefficient 

The seismic site coefficient for the stratigraphic conditions at this site is 1.0 [soil profile Type I, 

Canadian Highway Bridge Design Code (CHBDC)]. No seismic considerations are required for 

foundation design of these retaining walls. 

10. CONSTRUCTION CONSIDERATIONS 

10.1 Specifications 

Refer to Table 1 in Appendix FDR-A for a list of specifications relevant to the project. 

10.2 Existing Utilities 

Protection of existing utilities (underground and above ground) is required during the excavation 

adjacent to the existing retaining walls.   

A single light pole supporting a street light was observed within 0.3 m in front of a section of the 

Perry Street retaining wall #1.  An underground Bell conduit carrying multiple ducts exists within 

1.0 to 1.5 m behind both Perry Street retaining walls #1 and #2.  

A single hydro pole supporting multiple hydro lines and a street light exists approximately 1.0 m in 

front of the Simcoe Street retaining wall.   
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Existing hydro poles supporting multiple hydro lines and street lights are present approximately 

1.0 m behind the Ottawa Street retaining wall.  In addition, an underground untraceable asbestos 

cement watermain also exists within 1.0 m of the Ottawa Street retaining wall according to The 

Regional Municipality of Durham Water Locate Department.  

10.3 Excavation 

Excavations at the retaining wall locations should be carried out in accordance with the 

Occupational Health and Safety Act (OHSA), local and MTO regulations.  For this purpose, the 

encountered fill soils and compact to dense sand and silt to sandy silt till soil are considered Type 

3 soils.  The stiff to hard clayey silt till is considered Type 2 soils.  Temporary open-cut 

excavations should be made with side slopes no steeper than 1H:1V provided that proper 

groundwater control / dewatering is in place.   

10.4 Staging 

Staging and lane closures should be considered by the planning and construction engineers. 

A lane closure is probably required to carry out the work.  

10.5 Groundwater Control  

No groundwater was observed during the course of the field work at the borehole locations.  It is 

considered that seepage from perched water deposits, soil fissures or surface water run-off that 

enters the excavation could be handled by conventional sump pumping techniques and no permit 

to take water will be required.  It is noted that groundwater levels are subject to fluctuations due to 

seasonal and rainfall patterns. 

10.6 Drainage and Erosion Control  

A sub drain system (SP 405F03) and weep holes (OPSD 3190.100) should be installed to 

minimize the build-up of hydrostatic pressure behind the retaining walls.  The subdrain tiles should 

be surrounded by a properly designed granular filter or non-woven Class II geotextile (with an 

FOS of 75 – 100 m according to OPSS 1860) to prevent migration of fines into the system.  The 

drainage pipes should be installed on a positive grade and lead to frost-free outlets. 
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Earth fill slopes constructed for this project should be protected against surface erosion by 

sodding and suitable vegetation.  Refer to OPSS 803 and OPSS.PROV 804 for time constraints 

and the type of seed and mulch required.  The upper 300 mm of backfill against the retaining walls 

should consist of relatively impermeable local clayey material shaped into a swale to mitigate 

storm water infiltration. 
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APPENDIX FDR-A 

List of Standard Specifications Relevant to the Project
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TABLE 1 

LIST OF STANDARD SPECIFICATIONS RELEVANT TO THE PROJECT 

DOCUMENT TITLE 

OPSS.PROV 501 Construction Specification for Compacting 

OPSS 803 Construction Specification for Sodding 

OPSS.PROV 804 Construction Specification for Seed and Cover 

OPSS 1860 Material Specification for Geotextiles 

SP 405F03 Construction Specification for Pipe Subdrains  

SP 599S22 
Requirements for The Design, Supply and Construction of Retaining Soil 
Systems (RSS) 

SP 599S23 
Requirements for Materials, Quality Control and Quality Assurance 
Testing and Acceptance Criteria for Precast Concrete Facing Elements 
Including Panels 

OPSD 3090.101 Foundation, Frost Penetration Depths for Southern Ontario 

OPSD 3120.100 Concrete Toe Wall – Retaining Walls 

OPSD 3121.150 Minimum Granular Backfill Requirements – Retaining Walls 

OPSD 3190.100 Retaining Wall and Abutment Wall Drain Detail 
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APPENDIX FDR-B 

Slope Stability Analysis Results 
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