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PRELIMINARY FOUNDATION INVESTIGATION REPORT 
For 

G.W.P 2188-08-00 
 

Highway 9 – Holland Drainage Canal Bridge Replacement 
 

Site No. 37-030 
Township of King 

1.0 Introduction 

Stantec Consulting Ltd. (Stantec) was retained by the Ministry of Transportation, Ontario (MTO) 
to undertake the preliminary design for the replacement of the Holland Drainage Canal Bridge. 
The project site is located approximately 4.6 km west of the Highway 400/Highway 9 
Interchange, in the Township of King, Ontario.  The Site Location Plan is indicated on Drawing 
No.1 in Appendix A.   

The proposed bridge replacement is anticipated to include a slight realignment of Highway 9 to 
the north. It is understood that the bridge replacement option being considered will take into 
consideration the future expansion requirements of Highway 9.  It is also understood that the 
proposed bridge replacement will include roadway protection requirements for excavations in 
the vicinity of the existing approach fills and abutments. 

This Preliminary Foundation Investigation Report has been prepared specifically and solely for 
the proposed bridge replacement and anticipated roadway protection.  

Project Number: G.W.P.:  2188-08-00 

Project Location: Highway 9, Approximately 4.6 km west of Highway 400, Township of King 

The work was carried out under Agreement Number 2010-E-066 with Stantec Consulting Ltd., 
the Preliminary Design Consultant for this project. 

2.0 Site Description and Geology 

Site Location 

The site location is shown on the Key Plan inset to Drawing No. 1, provided in Appendix A.  The 
existing Holland Drainage Canal Bridge carries Highway 9 traffic across the Canal at Structure 
Site No. 37-030. 

General Site Description 

At the project site, Highway 9 is oriented in the northeast-southwest direction.  For the purpose 
of this report, Highway 9 is assumed to be oriented in the east-west direction with the chainage 



PRELIMINARY FOUNDATION INVESTIGATION AND DESIGN REPORT 
December 2012 

 2  

increasing west to east.   Highway 9 has a single lane of traffic in each direction with 
approximately 3 m wide shoulders (see Photographs 1 through 4 in Appendix A).   

Flow in the canal is from north to south beneath the bridge to approximately 40 m south of the 
bridge centerline.  The canal (and the flow) runs approximately easterly thereafter.  

In the vicinity of the existing bridge the surrounding area is generally flat. 

Existing Bridge 

The existing Holland Drainage Canal Bridge has two spans, each approximately 7 m long and a 
width of approximately 12.7 m. The bridge structure is supported on approximately 13.7 m long 
timber piles.  Review of available Geocres reports indicates that the original bridge had been 
widened to the north along with the construction of new retaining walls (wingwalls) on the north 
side of the bridge. The wingwalls included deadman anchors to resist lateral loads. 

Physiographic Description 

The site is located within a physiographic region known as the Schomberg Clay Plains at the 
northern foothills of the Oak Ridges Moraine (Chapman and Putnam, 1984).  This region 
contains deep deposits of stratified clay and silt. The schomberg sediments are typically varved 
clays with annual layers of silt (summer) and clay (winter) having variable thicknesses.  This 
physiographic region is also known to contain high organic content soils commonly described as 
muck. 

It is noted that the site is also very close to the southwestern boundary of the physiographic 
region known as Simcoe Lowlands. 

Drainage is generally toward the east and northeast toward Cook’s Bay (Lake Simcoe). In the 
vicinity of the site, flow is towards the Holland Drainage Canal.  

3.0 Method of Investigation 

3.1 DRILLING INVESTIGATION 

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

A geotechnical field investigation consisting of 14 boreholes, two cone penetration test (CPT) 
holes and one hand auger hole was carried out for this assignment. The boreholes were 
designated BH12-1 through BH12-3 and BH12-5 through BH12-15. The CPT locations were 
designated CPT12-4 and CPT12-17 and the hand auger hole AH12-16. The investigation 
locations are shown on the Borehole Location Plan, Drawing No.1 in Appendix A.   

A Dynamic Cone Penetration Test (DCPT) was carried out in BH12-2 from 25.0 m to 31.9 m 
below ground surface. 
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The field drilling program was carried out from March 27 to April 25, 2012.  All boreholes were 
advanced with a track mounted Dietrich D-50 drill with a combination of hollow-stem augers and 
steel casings.  

The subsurface stratigraphy encountered in each borehole was recorded in the field by an 
experienced Stantec Field Technologist. Split spoon samples were collected at regularly spaced 
intervals (typically every 760 mm) during the course of Standard Penetration Testing (ASTM 
D1586).  In-situ shear vane measurements were also carried at selected locations in the 
cohesive deposit using MTO field vane and a pocket penetrometer.  All samples recovered were 
returned to Stantec’s Ottawa laboratory for detailed classification and testing.   

The cone penetration tests (CPT) were carried out in accordance with ASTM D5778 (ASTM, 
2007).  Dissipation test was performed in one of the two CPT holes. 

Artesian flow within borehole BH12-5 was controlled by pushing a nylon wrapped ball of 
bentonite chips to the bottom of the H-size casing followed by backfilling with bentonite chips 
and bentonite quick-gel grout.  Artesian flow within borehole BH12-1 was controlled by pushing 
a P-size casing, concentric to the H-size casing, into the cohesive soils to capture all annular 
flow, followed by extending the P-size casing to 3.1 m above ground and pumping of a heavy 
grout mix of cement, barite, and bentonite. 

A standpipe piezometer was installed within BH12-3.  The section of the borehole deeper than 
6 m was backfilled with a mix of bentonite chips and bentonite quick-gel grout, from 3 to 6 m a 
well screen with sand backfill was installed, and from 0 to 3 m a solid well pipe with bentonite 
backfill was installed. 

Boreholes were backfilled with auger cuttings mixed with bentonite and road holes were topped 
with cold patch asphalt whenever applicable. 

3.2 LOCATION AND ELEVATION SURVEY 

The borehole location (northing and easting) and elevation (Geodetic) survey was carried out by 
Stantec using a Global Positioning System (GPS) apparatus Trimble Geo XH.  The GPS 
apparatus had horizontal and vertical accuracies of 0.01 and 0.1 m, respectively.  
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Table 3.1 summarizes the borehole information. 

Table 3.1:  Borehole Summary 

Borehole 

MTM Zone 10 
Coordinates 

Ground 
Surface 

Elevation 
(m) 

Total 
Depth 
Drilled 

(m) 

End of 
Borehole 
Elevation 

(m) 

Depth1 
Augered 

(m) 

Number 
of Soil 

Samples Northing Easting 

BH12-1 4875305 292810 219.7 26.2 193.5 26.2 28 
BH12-2 4875312 292843 219.9 31.9 188.0 24.8 27 
BH12-3 4875315 292852 220.1 25.5 194.6 25.5 27 

CPT12-4 4875310 292807 220.3 10.9 209.4 - - 
BH12-5 4875323 292845 221.8 30.9 190.9 30.9 29 
BH12-6 4875299 292800 219.8 9.8 210.0 9.8 13 
BH12-7 4875321 292873 220.4 9.8 210.6 9.8 13 
BH12-8 4875327 292863 221.2 9.8 211.4 9.8 13 
BH12-9 4875305 292789 219.9 9.8 210.1 9.8 13 
BH12-10 4875327 292891 220.4 8.2 212.2 8.2 11 
BH12-11 4875348 292964 221.4 8.2 213.2 8.2 11 
BH12-12 4875374 293033 221.6 8.2 213.4 8.2 10 
BH12-13 4875400 293101 221.6 8.2 213.4 8.2 10 
BH12-14 4875425 293173 221.7 8.2 213.5 8.2 10 
BH12-15 4875446 293245 221.4 8.2 213.2 8.2 10 
AH12-162 4875308 292840 219.0 1.5 217.5 1.5 5 
CPT12-17 4875316 292852 220.2 18.0 202.2 - - 
 
Notes: (1) No bedrock coring was carried out in any of the boreholes advanced at this site. 
           (2) AH refers to hand-auger hole beneath 150 mm of standing water. 

3.3 LABORATORY TESTING 

All the SPT samples were taken to Stantec’s Ottawa laboratory where they were subjected to a 
detailed visual examination by a Geotechnical Engineer.  

The geotechnical laboratory testing program is summarized in the following table. 

Table 3.2:  Geotechnical Laboratory Testing Program 
Test Description Number of Samples Remarks 

Moisture Content 224 2 by Golder 
Atterberg Limits 39 2 by Golder 
Grain Size Distribution 61 2 by Golder 
Consolidation (oedometer) 2 By Golder 
Unconfined Compression (Soil) 2 By Golder 
Specific Gravity 2 By Golder 
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It is noted that where a value is provided for the percent of clay sized particles, the value 
represents the percent finer than a nominal size of 0.002 mm. 

Nine samples were submitted to Parcel Laboratories of Ottawa for analysis of pH, soluble 
sulphate content, chloride content and resistivity.  

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 MTO. 

4.0 Subsurface Conditions 

4.1 SUBSURFACE PROFILE 

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.  

Results of two Cone Penetration Tests (CPTu) are also included in Appendix B.   

The site is at the western limit of the Holland Marsh and the ground rises to the west resulting in 
differing subsurface conditions at the east and west sides of the Holland Canal bridge.  The 
following is a generalized description of the subsurface conditions. 

• On the east side of the canal the natural soil conditions include an organic silt that is up to 
6 m deep underlain by silt and sand layers of limited thickness, underlain by a deep clayey 
silt deposit extending to about 25 to 30 m below ground surface, followed by a permeable 
silty sand with artesian groundwater conditions. 

• On the west side of the canal the near surface soils consist of sands and silty sands which 
extend down to the same deep clayey silt deposit and underlying silty sand with artesian 
groundwater conditions. 

• Boreholes drilled through the roadway platform show that the organic silt east of the canal 
was excavated beneath the existing roadway embankment and replaced with silty sand to 
sandy silt soils. 
 

Borehole location plans and stratigraphic sections of the soils encountered within the boreholes 
in the vicinity of the bridge location are provided on Drawing No. 1 through 3 in Appendix A.  

4.1.1 Topsoil  

Topsoil was encountered in BH12-1, BH12-2, BH12-3, BH12-5, BH12-6, BH12-7, BH12-8 and 
BH12-9.  The thickness of the topsoil ranged between 50 and 300 mm.   

4.1.2 Fill  

Away from the road embankment, fill was encountered in BH12-2, BH12-3, BH12-5, BH12-7 
and BH12-10.  The fill was 0.8 to 1.9 m thick with base elevations of 218.6 m to 220.4 m. 
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Within the road embankment, fill was encountered in BH12-11 to BH12-15.  The fill was 3.0 to 
3.7 m thick with base elevations of 217.7 m to 218.7 m. 

The Standard Penetration Test (SPT) blow counts (N-values) of the fill layer ranged from 4 to 60 
blows per 0.3 m. 

Fill was also encountered in the hand auger hole advanced beneath standing water in the canal 
near the exiting northeast wingwall (AH12-16). This fill was mainly silty sand with gravel to 
sandy silt and had a moisture content ranging between 29 and 35%. 

Index tests carried out on representative soil samples retrieved from this layer revealed the 
following results: 

Gravel:   4 to 7% 
Sand:   29 to 46% 
Silt/Clay:  43 to 66% 
Clay:   13 to 14% 
Organic Matter: 2% 
Moisture Content: 7 to 29% 

The fill consists of variable mixtures of sand and silt and is described as a silty sand (SM) to 
sandy silt (ML). 

Representative grain size distribution plots for the fill layer are provided on Figure 1 in Appendix 
C. Representative plasticity chart is provided on Figure 8 in Appendix C. 

4.1.3 Organic Silt (Muck) – East of Canal 

This deposit was encountered in BH12-2, BH12-3, BH12-5, BH12-7, BH12-8 and BH12-10 
immediately beneath the topsoil and the fill layer. The deposit was encountered in boreholes 
advanced east of the Holland Drainage Canal and consisted predominantly of silt, clay and 
some organics. This deposit was 2.4 to 5.0 m thick with base elevations of 215.1 m to 216.6 m.   

A buried organic silt was also encountered in BH12-13.  This layer was 2.1 m thick with a base 
elevation of 215.8 m. 

The SPT N-values for the organic silt layer were less than 4 blows per 0.3 m suggesting a soft 
state. 

An in-situ field vane test carried out near the base of the organic silt layer indicated an 
undrained shear strength of 39 kPa.  An unconfined compression test carried out on a thin-wall 
tube sample indicated an undrained shear strength of 14 kPa. 
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Index tests carried out on representative soil samples retrieved from this layer revealed the 
following results: 

Gravel:   0 to 4% 
Sand:   3 to 46% 
Silt:   40 to 76% 
Clay:   10 to 27% 
Moisture content: 32 to 113% 
Organic matter: 4 to 23% 

This deposit is classified mainly as organic silt (OL) according to the Unified Soil Classification 
System. Typical grain size distribution and plasticity chart for representative samples from the 
organic silt deposit are provided on Figures 2 and 9, in Appendix C. 

The results of a consolidation test carried out on an organic silt sample from BH12-5 obtained at 
a depth of 4.7 m is provided in Appendix C.  The consolidation and index property test results 
for this sample suggest the following: 

• Natural moisture content    35% 
• Specific gravity     2.75 
• % sand      5% 
• % silt size fines     74% 
• % clay size fines     21% 
• Estimated preconsolidation pressure, P’c  70 kPa 
• Estimated effective overburden pressure, P’o 70 kPa 
• Compression Index, Cc    0.31 
• Recompression Index, Cr    0.08 

 

4.1.4 Sand – West of Canal 

A sand layer was encountered immediately beneath the topsoil in BH12-1, BH12-6 and BH12-9.  
Its thickness ranged between 2.2 m and 2.9 m with base elevations of 216.9 to 217.5 m.  

The SPT N-values for this sand layer ranged from 1 to 9 blows per 0.3 m suggesting a very 
loose to loose state. 

The moisture content of the sand layer ranged between 20 and 22%.  

4.1.5 Silt 

A silt layer was encountered beneath the organic silt or the road embankment in boreholes 
12-3, 12-7, 12-8, 12-11, 12-12, 12-14 and 12-15.  This layer was 0.8 to 2.4 m thick with base 
elevations of 216.5 to 214.7 m.  

The SPT N-values for this layer were between 2 and 10 blows per 0.3 m suggesting a very 
loose to compact state. 
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Index tests carried out on representative soil samples retrieved from the silt layer revealed the 
following results: 

Gravel:   0 to 3% 
Sand:   1 to 36% 
Silt:   46 to 88% 
Clay:   11 to 17% 
Moisture content: 18 to 38% 
Liquid Limit  20 to 24 
Plasticity Index: 6 (for all tests) 

According to the Unified Soil Classification System, the silt layer can be classified as CL-ML but 
has been carried forward as ML in the report (silt, silt with sand or sandy silt).  Representative 
grain size distribution plots and plasticity charts for this layer are provided on Figure 3 and on 
Figure 10 in Appendix C.   

4.1.6 Sand with Silt 

A discontinuous sand with silt layer was observed beneath the organic silt layer in BH12-2 and 
beneath the silt layer in BH12-3.  The layer was 1.6 and 2.4 m thick with base elevations of 
213.4 m at both locations. 

The SPT N-values for this layer were between 7 and 32 blows per 0.3 m suggesting a loose to 
dense state. 

Index tests carried out on representative soil samples retrieved from this layer provided the 
following results: 

Gravel:   1 to 10% 
Sand:   83 to 88% 
Fines (silt and clay) 7 to 11% 
Moisture Content: 12 to 19% 

According to the Unified Soil Classification System, this layer can be classified as SP-SM 
(poorly graded sand with silt).  Representative grain size distribution plots for this layer are 
provided on Figure 4 in Appendix C. 

4.1.7 Silty Sand 

This layer was encountered in all boreholes except in BH12-5.  West of the canal the silty sand 
deposit was observed directly beneath the loose sand layer.  East of the canal it was generally 
observed beneath discontinuous layers of silt, sand, or clay which underly the organic silt 
deposit.  This layer was not penetrated in boreholes BH12-12 through BH12-15 since drilling 
was terminated within this layer.  Where penetrated, this layer was approximately 0.3 to 2.6 m 
thick with base elevations of 210.6 to 214.9 m.   

The SPT N-values for this layer were between 4 and 37 blows per 0.3 m suggesting a loose to 
dense state. 
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Index tests carried out on representative soil samples retrieved from this layer revealed the 
following results: 

Gravel:   2 to 29% 
Sand:   47 to 85% 
Fines (silt & clay): 6 to 39% 
Moisture content: 9 to 20% 

The USCS designation for this layer is SM (silty sand to silty sand with gravel). Representative 
grain size distribution plots for this layer are provided on Figure 5a and 5b in Appendix C. 

4.1.8 Clayey Silt 

This deposit was encountered in all boreholes except BH12-12 through BH12-15 which were 
terminated in the overlying silty sand.  Where fully penetrated, the clayey silt layer was 17 to 
20.8 m thick with base elevations of 195.3 to 192.7 m.  

The in-situ undrained shear strength of the clayey silt layer ranged from 38 kPa to greater than 
235 kPa suggesting a firm to hard consistency.  The undrained shear strength is generally 
higher below elevation 204.0 m. 

The SPT N-values for the clayey silt layer ranged from 1 to 49 blows per 0.3 m. 

The results of static cone penetration tests CPT12-4 and CPT12-17 are provided in Appendix B.  
This result suggests the following: 

• The undrained shear strength of the clayey silt is weakest between elevation 204.0 and 
207.5 with undrained shear strength of approximately 50 kPa. 

• That there are frequent permeable zones above elevation 207.5 m and below elevation 
204.0 m. 

• Dissipation test was carried out within CPT 12-17 at elevation 204.3 m.  The results indicate 
a Ch = 1.6x10-3 cm2/min. 
 

Index tests carried out on representative soil samples retrieved from the clayey silt deposit 
yielded the following results: 

Gravel:   0 to 1% 
Sand:   0 to 25% 
Silt:   31 to 73% 
Clay:   21 to 68% 
Moisture content: 17 to 48% 

The Unified Soil Classification System group designation for the clayey silt layer is 
predominantly CL with limited samples yielding CI or CL-ML.  Representative grain size 
distribution plots for the silty clay deposit are provided on Figures 6A through 6c; plasticity 
charts are provided on Figures 11a through 11d in Appendix C. 
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The results of a consolidation test carried out on a clayey silt sample from BH12-3 obtained at a 
depth of 16.1 m is provided in Appendix D.  The consolidation and index property test results for 
this sample suggest the following: 

• Natural moisture content    30% 
• Specific gravity     2.77 
• % sand      4% 
• % silt size fines     69% 
• % clay size fines     27% 
• Estimated preconsolidated pressure, P’c  325 kPa 
• Estimated effective overburden pressure, P’o 210 kPa 
• Compression Index, Cc    0.29 
• Recompression Index, Cr    0.02 

 

4.1.9 Deep Silty Sand 

A silty sand deposit was encountered immediately beneath the clayey silt layer in all the deep 
boreholes that penetrated the dry layer, namely, BH12-1, BH12-2 and BH12-5.  

The SPT N-values for this layer ranged from 4 to 25 suggesting a loose to compact state. 

Dynamic Cone Penetration Test (DCPT) carried out in BH12-2 indicated a blow count range of 
21 to 561 per 0.3 m, generally increasing with depth.  The blow count per 0.3 m of penetration 
increased significantly below elevation 189 m. 

Index tests carried out on representative soil samples retrieved from this layer revealed the 
following results: 

Gravel:   0% 
Sand:   87% 
Fines (silt & clay): 13% 
Moisture content: 19% 

The Unified Soil Classification System group symbol designation for this layer is SM (silty sand). 
Representative grain size distribution plot is provided in Figure 7 in Appendix C.  

4.2 BEDROCK 

Bedrock was not encountered within the depth of exploration of this investigation.  

4.3 GROUNDWATER 

A groundwater monitoring well was installed in BH12-3 after completion of drilling.  The 
groundwater in this well was measured two weeks later on April 18, 2012.  The depth to 
groundwater was also inferred in all other boreholes at the time of drilling, between March 27 
and Aril 25, 2012.  The measured and inferred (i.e., at the time of drilling) groundwater levels 
are summarized in Table 4.1 below. 
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Table 4.1: Measured Inferred Groundwater Levels (time of drilling) 

Borehole No Ground Surface 
Elevation (m) 

Groundwater 
Depth (m) Elevation (m) 

Measured  
BH12-3 220.1 0.9 219.2 

Inferred  
BH12-1 219.7 0.9 218.8 
BH12-2 219.9 2.7 217.2 
BH12-5 221.8 4.6 217.2 

BH12-6 219.7 0.9 218.8 

BH12-7 220.4 5.3 215.1 

BH12-8 221.2 6.7 214.5 

BH12-9 219.9 0.9 219.0 

BH12-10 220.4 4.9 215.5 

BH12-11 221.4 4.0 217.4 

BH12-12 221.6 4.1 217.5 

BH12-13 221.6 5.6 216.0 

BH12-14 221.7 3.4 218.3 

BH12-15 221.4 4.6 216.8 

 
Fluctuations in the groundwater and culvert water level due to seasonal variations or in 
response to a particular precipitation event should be anticipated. 

The Holland Canal water level was surveyed by others to be at elevation 218.7 m in November 
2011 and by Stantec to be at elevation 219.2 in April 2012. 

Artesian Condition 

Artesian conditions were observed during the course of the investigation.  The following 
summarizes the information and observations regarding the artesian conditions. 

• Artesian groundwater pressure was observed beneath the clayey silt in BH12-1, BH12-2 
and BH12-5. 

• Within BH12-5 a sealed casing was extended 3.1 m above ground surface and significant 
flow was still observed.  The flow was significantly reduced by pumping a mix of cement, 
barite, and bentonite slurry into the cased borehole. 

• Within BH12-2 and BH12-5 artesian water flows were also observed as the H-size casing 
was advanced through the clayey silt deposit.  These observations were observed at depths 
of greater than 10 m below ground surface. 

• In 1965 the artesian water level was recorded at 5.5 m above ground (elevation 224.7 m) at 
this site. 
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4.4 CHEMICAL TESTS 

Nine samples of the native soil at the site from the different boreholes were tested for pH, water 
soluble sulphate and chloride concentrations, and resistivity.  The analysis results are provided 
in Table 4.2. 

Table 4.2:  Results of Chemical Analysis 

Borehole No Sample No. Depth 
(m) pH Chloride 

(µg/g) 
Sulphate 

(µg/g) 
Resistivity 
(Ohm-m) 

12-1 SS-3 1.22 to 1.83  7.9 480 30 9.51 
12-2 SS-6B 3.66 to 4.27 7.4 311 297 11.6 
12-3 SS-2 0.61 to 1.22 8.3 289 17 20.2 
12-5 SS-6 3.66 to 4.27 7.5 78 105 31.9 
12-7 SS-6 3.81 to 4.42 8.1 1190 30 5.62 
12-8 SS-7 4.57 to 5.18 6.9 799 221 5.12 
12-11 SS-6 3.81 to 4.42 7.9 948 10 8.54 
12-13 SS-4 3.05 to 3.66 8.4 961 56 5.51 
12-15 SS-3 2.29 to 2.90 8.2 683 42 4.93 

 

5.0 Miscellaneous 

The field work was carried out under the supervision of Mr. Jeff Forrester, Geotechnical 
Engineering Technologist, under the direction of Mr. Chris McGrath, P.Eng. 

MultiVIEW Locates Inc. of Mississauga, Ontario, carried out the private and public utility locates 
for the boreholes. 

The D-50 drilling equipment was supplied and operated by Walker Drilling of Utopia, Ontario. 

Location and elevation survey of the boreholes was carried out by Stantec. 

Geotechnical laboratory testing was carried out at Stantec’s Ottawa laboratory and Golder 
Associate’s Mississauga laboratory.  Chemical testing for pH, soluble sulphate, and chloride 
content, and resistivity was carried out by Paracel Laboratories of Ottawa.   

This report was prepared by Simon Gudina and reviewed by Chris McGrath and Raymond 
Haché. 
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PRELIMINARY FOUNDATION DESIGN REPORT 
For 

G.W.P 2188-08-00 
 

Highway 9 – Holland Drainage Canal Bridge Replacement 
 

Site No. 37-030 
Township of King 

7.0 Discussions and Engineering Recommendations 

7.1 PROJECT DESCRIPTION & BACKGROUND 

Project Purpose/Justification 

The Holland Drainage Canal Bridge is a two-span structure. It is approximately 12.7 m wide and 
has a total span of approximately 15 m.  The bridge was constructed around or prior to the 
1960s and has since been widened once.   The existing bridge structure consists of reinforced 
concrete deck on steel beam, reinforced concrete abutments, timber piles and retaining walls 
(wingwalls).  The bridge shows signs of deterioration and spalling off of the structural concrete, 
including the concrete parapet wall (see for e.g., Photo No. 2 in Appendix A). The bridge 
structure has been identified as requiring replacement.    

Structural inspection and sampling of the timber piles indicate that the core of some of the piles 
are rotted, rendering them susceptible to compression damage.  Stantec previously carried out 
preliminary settlement analysis which indicated that to avoid imposing new settlements on the 
existing bridge during the construction period it would be necessary to maintain a distance of at 
least 12 m between the existing east abutment and the new road embankment fills. 

Proposed Structure 

It is understood that two replacement alternatives were considered. 

• The Alternative 1 replacement option involving a two-span bridge structure with new 
abutments, a center pier, and a total span of approximately 36 m. The proposed 
replacement bridge alignment would be approximately 12 m north of the existing alignment, 
the west abutment would be approximately 7.5 m west of the existing, and the east 
abutment would be approximately 16 m east of the existing. The proposed new bridge would 
include wingwalls at all four quadrants.   

• The Alternative 2 replacement option involving the construction of a temporary detour bridge 
whose alignment would be approximately 23 m north of the existing alignment.  Traffic 
would be detoured to the temporary bridge, the existing bridge would be removed, and the 
permanent bridge would be constructed.  The permanent Alternative 2 bridge would have a 
single 21 m span and its alignment would be 7 m north of the existing bridge alignment.  The 
new bridge would include wingwalls at all four quadrants.  Drawing 1B in Appendix A shows 
the Alternative 2 bridge locations. 
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It is understood that Alternative 1 with a two-span bridge structure is being carried forward for 
the proposed bridge replacement.  Drawing 1 in Appendix A shows the proposed bridge 
location. 

Based on the preliminary general arrangement plan for proposed replacement bridge and the 
foundation investigation results, key elevations associated with the proposed replacement 
structure are as follows: 

Proposed Underside of Pile Cap Elevation: 217.5 m  
Proposed final grade at E/W Abutment: 222.2 m 
Existing Grade Elevation at E/W: 221.5 m 
Water Level Elevation:  219.2 m (Apr 2012)/218.72 (Nov 2011) 
High Water Level Elevation (50 year) 220.78 m 

Construction Staging & Detours 

For the proposed bridge replacement option a local road detour is not anticipated.  The existing 
bridge would remain operational with reduced lane widths while the new bridge is constructed.  
In order to accommodate pile driving activities at the pier location part of the existing bridge 
deck will need to be removed. 

For the proposed bridge replacement, the anticipated excavation and removal of the soft 
organic silt (muck) immediately north of Highway 9 (east of Holland Drainage Canal) to 
accommodate the embankment widening is expected to impact on the performance of the 
existing highway embankment during construction if open excavation methods were used. 
Therefore, temporary roadway protection system will be required.     

It is noted that unwatering of excavations below the canal level is anticipated at this site. 

7.2 GEOTECHNICAL DESIGN PARAMETERS 

For the proposed replacement bridge, the soil conditions on the east and west sides of the 
existing Holland Drainage Canal show some variation up to approximate elevation of 215 m.  
West of the canal, the observed subsurface condition consisted of topsoil over sand over a silty 
sand over a deep deposit of clayey silt underlain by a silty sand deposit.  East of the canal, the 
encountered subsurface condition generally consisted of a layer of topsoil and/or fill over 
organic silt (muck) over clayey silt over silty sand.  Representative strata plots are indicated on 
Drawing No. 2 and 3 in Appendix A. 

For the purpose of the proposed replacement bridge, the soil conditions east of the canal will be 
considered representative.   

Within the embankment widening area extending from the canal easterly approximately 450 m, 
the soils within the embankment fill generally consist of a gravelly sand layer over a sandy silt to 
silty sand. 

For design purposes, the soil model provided in Table 7.1 will be used for the replacement 
bridge structure foundation. 
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Table 7.1:  Geotechnical Model 
Elevation (m) 

Soil Type Design Properties 
From To 

East of Holland Drainage Canal 

220.0 215.5 Organic silt (OL) (Muck), soft 
γ = 18.2 kN/m3 

φ = 15° 

215.5 213.5 Silt (ML) loose 
γ = 20.2 kN/m3 

φ = 26º 
E’ = 5 MPa 

213.5 212.0 Clayey silt (CL), stiff see Figure 12a 

212.0 211.0 Silty sand (SM), loose to compact 
γ  = 20.6 kN/m3 

φ = 30° 
E’ = 25 MPa 

211.0 194.0 Clayey silt (CL), stiff to very stiff see Figure 12a 

<194.0 Silty sand (SM), compact 
γ  = 21.2 kN/m3 

φ = 35° 
West of Holland Drainage Canal 

220.0 217.0 Sand (SP), loose 
γ = 20 kN/m3 

φ = 30° 
E = 15 MPa 

217.0 215.5 Silty sand (SM), compact 
γ = 20.2 kN/m3 

φ = 30º 
E’ = 25 MPa 

215.5 213.5 Silt (ML) loose 
γ = 20.2 kN/m3 

φ = 26º 
E’ = 5 MPa 

213.5 212.0 Clayey silt (CL), stiff see Figure 12a 

212.0 211.0 Silty sand (SM), loose to compact 
γ  = 20.6 kN/m3 

φ = 30° 
E’ = 25 MPa 

211.0 194.0 Clayey silt (CL), stiff to very stiff see Figure 12a 

<194.0 Silty sand (SM), compact 
γ  = 21.2 kN/m3 

φ = 35° 
 
Notes:  

(1) Significant difference in the subsurface conditions were observed between east and west 
sides of the Holland Drainage Canal only above approximate elevation of 215.5 m. Below 
this elevation, the subsurface conditions were fairly consistent across the site. For 
modeling purposes, identical design parameters were used below elevation of 215.5 m for 
both sides of the canal.  
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(2) The layering directly beneath the organic silt (east of the canal) varies from borehole to 
borehole.  The above profile between elevation 215.5 m and 211.0 m is considered to be a 
conservative approximation of the site conditions; 

(3) A design groundwater elevation of 219.2 m will be used; and  

(4) γ = total unit weight, φ = Friction Angle, Su = Undrained Shear Strength 

7.3 FROST PROTECTION 

The design frost penetration depth for foundations, f, at the site is 1.5 m based on OPSD 
3090.101.  Therefore, footings and pile caps should be provided with a minimum of 1.5 m of soil 
cover or equivalent insulation for protection against frost heaving. 

Where construction is undertaken during winter, footing subgrades must be protected from 
freezing.  Due diligence is required to ensure that granular fill materials do not include frozen 
material, snow or ice. 

7.4 SEISMIC DESIGN CONSIDERATIONS 

7.4.1 Soil Profile Type 

It is recommended that a Soil Profile II as defined in CHBDC (CHBDC, 2006) Section 4.4.6 be 
used in the seismic design of this site.  This soil profile reflects that bedrock is generally 
anticipated to be deeper than 60 m in the Holland Marsh area. 

7.4.2 Zonal Acceleration Ratio 

Table A3.1.1 of the CHBDC indicates that the Zonal Acceleration Ratio (ZAR) for Newmarket, 
Ontario, which is approximately 15 km northeast of the site, is 0.05.     

Even though it is not likely very significant, seismically induced lateral earth pressures should be 
considered for this project with a Zonal Acceleration Ratio of 0.05.   

7.4.3 Liquefaction Potential 

The loose silts which frequently underly the organic silt would be considered liquefiable in areas 
with higher design peak ground acceleration (PGA) ratios.  The PGA value for a 10% probability 
of exceedance in 50 years at this site is estimated to be 0.02; therefore, the risk of soil 
liquefaction is not considered to be significant for this project. 

7.5 FOUNDATION OPTIONS  

7.5.1 General 

West of the Holland Canal, the prevailing subsurface soil at the site includes a shallow deposit 
of loose to compact silty sand overlying a deep deposit of stiff to very stiff clayey silt.   
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East of the Holland Canal, the prevailing subsurface soils include organic silt (muck) overlying a 
deep deposit of stiff to very stiff clayey silt. 

Due to the prevalence of loose subsurface conditions in the top 5 m from the ground surface, 
shallow (spread footing) foundations are not considered suitable for the proposed replacement 
structure.  Deep foundations terminating within the very stiff clayey silt deposit are 
recommended for supporting the bridge abutments and the centre pier.   

Table 7.2 compares deep foundation options from a foundation design and constructability 
perspective.   

Table 7.2:  Comparison of Deep Foundation Options for Replacement Bridge 

 
It is recommended that pipe piles be carried forward as the preferred deep foundation type for 
this project.  It is recommended that the frictional piles terminate within the stiff to very stiff 
clayey silt to avoid puncturing the sandy artesian layer encountered at approximate elevation of 
194.0 m.  

The following foundation recommendations are provided for a frictional pile terminating within 
the stiff to very stiff (hard) clayey silt. 

  

Option Advantages Disadvantages Relative Cost Risk/Consequences 

H-Piles 
 
Frictional 
Pile 
 
 

 Minimize disturbance 
to the clayey silt 
(non-displacement) 
 Commonly used for 

integral abutment 
bridges 
 Will penetrate harder 

layers with relative 
ease 

 Cannot be internally 
inspected 

Medium Non-displacement piles are at 
greater risk of enabling 
artesian flow at the pile 
perimeter.  This would impact 
the pile capacities. 

Closed End 
Pipe Piles 
filled with 
Concrete 
 
Frictional 
Pile 

 Can be internally 
inspected for 
alignment and 
damage 
 Displacement pile 

will create a barrier 
to artesian flow along 
the perimeter of the 
pile. 

 Significantly stiffer than H-
Pile and therefore may not 
be suitable for integral 
abutments 
 Will pose more difficulty 

driving  
 More risk of overdriving 

/damaging of piles 
 

Medium  Risk of refusal within the hard 
clay  
 Risk of pile damage during 

installation would require 
additional piles 

Drilled 
Caissons 

 Very high axial 
capacity 

 Would require a liner due to 
presence of less stiff clayey 
silt layers 
 Very stiff cross-section may 

not be suitable for integral 
abutment 

High  Risk of cave-in below 
groundwater 
 Dewatering may become an 

issue; Tremie concrete 
methods could resolve this 
issue 
 Artesian flow observed within 

the clayey silt renders this a 
high risk option. 
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7.5.2 Deep Foundations 

7.5.2.1 General 

The design recommendations presented in this section have been developed in accordance 
with the requirements and methods described in the Canadian Highway Bridge Design Code 
(CHBDC, 2006). Pile foundations consisting of steel pipe piles are recommended to support the 
proposed abutments and the centre pier of the bridge.  Based on the preliminary general 
arrangement drawing, it is anticipated that the underside of the pile caps will be at approximate 
elevation of 217.5 m.  The piles would extend approximately up to 23 m to approximate 
elevation of 195.0 m.  This minimum elevation was determined based upon avoiding the sandy 
aquifer during pile installation and hence minimizing the risk of artesian pressures. 

7.5.2.2 Axial Pile Resistance in Compression 

The axial pile resistance at ULS in compression for 324 mm O.D. x 63 mm wall thickness, 
356 mm O.D. x 6.3 mm wall thickness, 406 mm O.D. x 6.3 mm wall thickness, and 508 mm 
O.D. x 11.13 mm wall thickness pipe piles was assessed using the American Petroleum Institute 
(API) design method using the program APile developed by Ensoft (Ensoft, 2007) and the 
geotechnical model presented in Table 7.1.  

Ontario Ministry of Transportation Report EM-48 (Rev. 93) Pile Load and Extraction Tests 1954-
1992 Pile Test Site 26 data, which is located 5 km from the project site, encountered a similar 
clayey silt deposit.  The test data was used to confirm the suitability of the soil model and the 
API design method. 

Figure 13a in Appendix D provides a profile of geotechnical axial resistance at ULS in 
compression for the above noted pile sizes and includes a resistance factor of 0.4 applied to the 
calculated ultimate capacity.  For example, using Figure 13a, a 356 mm O.D. x 6.3 mm wall 
thickness pipe pile driven to 22 m would have a geotechnical resistance at ULS of 500 kN.  Our 
analysis indicates that this factored geotechnical resistance is reached prior to undergoing 25 
mm of pile top settlement.  Hence, an SLS geotechnical reaction of 500 kN is appropriate for 
this site. 

Drag loads are not considered applicable for this project due to the following: 

• The total estimated settlement at the new abutment locations due to the embankment fill is 
less than 20 mm (see Section 7.7.2). 

• The road embankment is anticipated to be constructed prior to pile driving.  The 
embankment settlement anticipated at the abutment locations within the overconsolidated 
clayey silt is expected to occur prior to pile driving activities commencing. 

7.5.2.3 Geotechnical Lateral Resistance of Piles 

The geotechnical resistance of the pile against lateral loads is mobilized due to the passive 
resistance of the surrounding soil.  The passive lateral resistance for vertical piles can be 
calculated according to Sections C6.8.7.1 and C6.8.7.2 of the CHBDC, 2006.     
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7.5.2.4 ULS Lateral Resistance 

The following ULS lateral resistances may be used. 

Pile Outside Diameter  ULS Lateral Resistance 
324 mm x 6.3 mm  120 kN 
356 mm x 6.3 mm  130 kN 
406 mm x 6.3 mm  150 kN 
508 mm x 11.13 mm  190 kN 

The above ULS lateral resistances include a resistance factor of 0.5 applied against the ultimate 
calculated resistance. 

7.5.2.5 SLS Lateral Resistance 

The lateral capacity of piles was evaluated using the program called LPile Plus v5.0 developed 
by Ensoft, Inc. (Ensoft, 2004).  The input parameters are given in Table 7.3.  A 508 mm O.D. 
pipe pile with an 11.13 mm wall thickness was evaluated to develop the soil response spring 
stiffness.  A modulus of elasticity of 200 GPa was used for the pile material (steel).  The pile 
was modelled with a total length of 23 m and terminating within the very stiff clayey silt.  The p-y 
modulus values were based on values suggested by Ensoft, Inc. (Ensoft, 2004). 

The resistance can be calculated with the unfactored soil parameters presented in Table 7.3. 

Table 7.3:  Recommended Parameters for Lateral Pile Capacity Evaluation 

Soil Layer 
Depth Range (m) Unit weight, γ 

Friction angle 
(φ) or Undrained 
Shear strength 

(Su) 

p-y Modulus, k 

From To kN/m3  kN/m3  

SSM 220 215.5 20.5 32° 6,000 
Loose Silt (ML) 215.5 213.5 20.2 26° 7,180 
Stiff Clayey Silt (CL) 213.5 212.0 20.6 60 KPa 4,285 

Loose to Compact Silty 
Sand (SM) 

212.0 211.0 20.6 30° 19,500 

Stiff Clayey Silt (CL) 211.0 204.0 20.6 60 kPa 4,285 
Very Stiff Clayey Silt (CL) 204.0 194.0 20.6 120-150 kPa 10,500 
 
Notes: 

(1) Base of pile cap was assumed at elevation of 217.5 m.   
(2) The entire pile is assumed to be entirely beneath the groundwater level.  Hence, the soil 

k-values provided in Table 7.3 is applicable for submerged conditions.  
 

Two plots from LPILE analysis are presented in Figures 14a and 14b in Appendix D.  Figure 14a 
shows the deformed shape of the pile for lateral force (shear) ranging from 150 to 250 kN.  This 
plot indicates that for the conditions modeled the pile will undergo negligible lateral deflection 
below a depth of approximately 6.0 m from the underside of the pile cap. 
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Figure 14a illustrates the displacement of the pile with depth for different lateral loads. 
According to this figure, a lateral load of 80 kN would correspond to a pile top displacement of 
10 mm.  Therefore, the SLS geotechnical resistance of a 508 mm outside diameter pipe pile 
with a wall thickness of 11.13 mm would be estimated to be 200 kN. 

Figure 14b presents the p-y plot that gives the non-linear response of the pile-soil interaction.  It 
provides a series of curves obtained from LPILE generated for selected depths below the pile 
head.  These plots can be used in the structural evaluation of the proposed bridge founded on 
pipe piles.  The interpreted Linear Spring Constants, k from Figure 14b are summarized in Table 
7.3. 

7.5.2.6 Group Action 

Group action of piles (pile interaction) for lateral loading should be considered if centerline 
spacing of piles is less than 8 pile diameters (or least lateral dimension of pile) parallel to the 
direction of lateral load, or less than 4 pile diameters, perpendicular to the load.  The effect of 
interaction between piles can be considered by applying a reduction factor to the coefficient of 
lateral subgrade reaction (p-y modulus).  The following reduction factors may be used to 
account for pile group action: 

Table 7.4:  Recommended Reduction Factors for Pile Groups 
Pile spacing / pile 

diameter 
Reduction Factor 

Pile spacing / pile 
diameter 

Reduction Factor 

Load Parallel to Pile Spacing Load Perpendicular to Pile Spacing 

7 1.0 4 1.0 
4 0.8 3 0.9 
3 0.7 2 0.75 
2 0.6 - - 

7.5.2.7 Axial Pile Resistance in Tension  

The geotechnical axial resistances at ULS in tension for the selected pipe pile diameters are 
provided on Figure 13b in Appendix D; these resistances include a resistance factor of 0.3 
applied against the ultimate calculated capacity. 

For example, a 356 mm O.D. x 6.3 mm wall thickness steel pipe pile driven to 22 m would have 
a geotechnical axial resistance at ULS in tension of 330 kN. 

7.6 LATERAL EARTH PRESSURES 

7.6.1 Backfill 

Earth pressures will need to be considered in the design of abutments, retaining walls and 
roadway protection systems.  The bridge abutments should be backfilled with granular material 
in accordance with OPSD 3101.150.  The Granular backfill should consist of OPSS Granular A.  
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Computation of earth pressures should be in accordance with Section 6.9 of the Canadian 
CHBDC.  For retaining walls that are designed to allow rotation, active earth pressure may be 
used for design.  For rigidly tied and unyielding structures, the at-rest earth pressure should be 
used.     

7.6.2 Lateral Earth Pressures under Static Conditions 

For static conditions, the unfactored soil parameters provided in Table 7.5 may be used for 
design of walls with a horizontal backfill and those provided in Table 7.6 for walls with a 2H:1V 
backfill.  The effects of compaction should be accounted for by applying a compaction 
surcharge as shown in Figure 6.6 of the CHBDC. 

The total active (PA), at rest (Po) and passive (PP) thrusts under static loading conditions can be 
calculated using the following equations:  

PA = ½ Ka γ H2 

PO = ½ Ko γ H2 

PP = ½ Kp γ H2 

Where H is the height of the wall.  Values for Ka, Ko, Kp and γ are provided in Tables 7.5 and 7.6 
below.  The thrust acts at a point one third up the height of the wall. 

Table 7.5:  Recommended Non-Seismic Earth Pressure Parameters (Horizontal Backfill) 

Parameter 
OPSS 

Gran B 
Type I 

OPSS Gran 
A and Gran 

B Type II 

Existing 
Embankment 

Fill 

Sandy Silt 
to Silty 

Sand and 
SSM 

Bulk Unit Weight, γ (kN/m3)  21.2 22.0 19.0 21 
Effective Friction Angle 32º 35º 30º 32° 
Coefficient of Earth Pressure at Rest (Ko) 0.47 0.43 0.50 0.47 
Coefficient of Active Earth Pressure (Ka) 0.31 0.27 0.33 0.31 
Coefficient of Passive Earth Pressure (Kp) 3.25 3.69 3.00 3.25 
 
Table 7.6:  Recommended Non-Seismic Earth Pressure Parameters (2H:1V Backfill) 

Parameter 
OPSS 

Gran B 
Type I 

OPSS Gran 
A and Gran 

B Type II 

Existing 
Embankment 

Fill 

Sandy Silt 
to Silty 

Sand and 
SSM 

Bulk Unit Weight, γ (kN/m3)  21.2 22.0 19.0 21 
Effective Friction Angle 32º 35º 30º 32° 
Coefficient of Earth Pressure at Rest (Ko) 0.47 0.43 0.50 0.47 
Coefficient of Active Earth Pressure (Ka) 0.47 0.39 0.54 0.47 
Coefficient of Passive Earth Pressure (Kp) 8.62 10.84 7.84 8.62 
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7.6.3 Lateral Earth Pressures under Seismic Conditions 

The abutments and the retaining walls should be designed to resist the earth pressures induced 
under seismic loading conditions. The seismic earth pressures may be calculated using the 
parameters detailed in Tables 7.7 and 7.8 below.  

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

PAE = ½ Ka γ H2 (1 - kV) 

PPE = ½ Kp γ H2 (1 - kV) 

where: 

• KAE = active earth pressure coefficient (combined static and seismic) 
• KPE = passive earth pressure coefficient (combined static and seismic) 
• H = height of wall 
• kh = horizontal acceleration coefficient 
• kv = vertical acceleration coefficient 
• γ = total unit weight 

 
For this site, the following design parameters were used to develop the recommended KAE and 
KPE values.   

• Zonal Acceleration Ratio, A or PGA  0.05 
• Horizontal Acceleration Coefficient, kh    0.025 yielding  0.075 non-yielding 
• Vertical Acceleration Coefficient, kv  0.017 yielding  0.05 non-yielding 
• Horizontal Backslope to wall 
• Vertical back of wall 

 
The above kh value corresponds to ½ of the A value for yielding walls and 1.5 times for non-
yielding walls.  The kv value corresponds to 0.67 of the kh value. The angle of friction between 
the soil and the wall has been set at 0° to provide a conservative estimate. 

Table 7.7:  Recommended Seismic Earth Pressure Parameters (Horizontal Backfill) 

Parameter OPSS 
Gran B Type I 

OPSS Gran A and Gran 
B Type II 

Existing 
Embankment Fill 

Sandy Silt to Silty 
Sand and SSM 

Bulk Unit Weight, γ (kN/m3)  21.2 22.0 19.0 21 
Effective Friction Angle 32º 35º 30º 32° 
 Yielding 

wall 
Non-

yielding 
Yielding 

wall 
Non-

yielding 
Yielding 

wall 
Non-

yielding 
Yielding 

wall 
Non-

yielding 

Active Earth Pressure (KAE) 0.32 0.35 0.28 0.31 0.35 0.38 0.32 0.31 

Height of Application of PAE 
from base as a ratio of wall 
height, (H) 

0.341 0.356 0.342 0.358 0.340 0.355 0.341 0.356 

Passive Earth Pressure, 
(KPE) 3.24 3.77 3.64 3.54 2.96 2.84 3.21 3.11 

Height of Application of PPE 
from base as a ratio of wall 
height, (H) 

0.341 0.306 0.342 0.307 0.340 0.305 0.341 0.306 
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Table 7.8:  Recommended Seismic Earth Pressure Parameters (2H:1V Backfill) 
Parameter OPSS 

Gran B Type I 
OPSS Gran A and Gran 

B Type II 
Existing 

Embankment Fill 
Sandy Silt to Silty 

Sand and SSM 
Bulk Unit Weight, γ (kN/m3)  21.2 22.0 19.0 21 

Effective Friction Angle 32º 35º 30º 32° 
 Yielding 

wall 
Non-

yielding 
Yielding 

wall 
Non-

yielding 
Yielding 

wall 
Non-

yielding 
Yielding 

wall 
Non-

yielding 
Active Earth Pressure (KAE) 0.51 0.66 0.43 0.51 0.60 Note 1 0.51 0.66 
Height of Application of PAE 
from base as a ratio of wall 
height, (H) 

0.352 0.400 0.349 0.384 0.356 Note 1 0.352 0.400 

Passive Earth Pressure, 
(KPE) 8.57 8.45 10.77 10.64 7.42 7.32 8.57 8.45 

Height of Application of PPE 
from base as a ratio of wall 
height, (H) 

0.327 0.313 0.327 0.314 0.327 0.313 0.327 0.313 

Note 1 Under seismic conditions these materials are not suitable for retaining wall backslopes 
constructed at 2H:1V.  Either flatter backslopes or the use of OPSS Granular B Type II or 
Granular A would be required. 

7.7 EMBANKMENT DESIGN 

7.7.1 Stability of Slopes 

A slope stability evaluation was carried out using commercially available limit equilibrium based 
software called SLOPE/W (GEO-SLOPE, 2007).  The analysis included dynamic loading due to 
traffic by considering an equivalent static load equivalent to 0.8 m of additional fill, as per 
Section 6.9.5 of the CHBDC.  The analysis also considered seismic loading using one-half of 
the ZAR.  

It is assumed that the muck in the vicinity of the east bridge abutment will be removed to a 
depth of approximately 4.2 m (elevation of 215.8 m) and replaced with Select Subgrade Material 
(SSM).  The geometric configuration of the organic silt removal should be similar to that shown 
in OPSD 203.030 Embankments Over Swamps; copy included in Appendix E. 

Static (long- and short-term) and seismic slope stability analysis results for Select Subgrade 
Material (SSM) are presented in Figures 15a through 15c. 

A 2H:1V slope is required for embankments constructed of SSM under the conditions modeled 
herein.   

7.7.2 Evaluation of Potential Ground Settlement due to Embankment 

Settlement of the underlying soil due to the embankment was evaluated.  The following 
assumptions were made in evaluating the settlement of the site soil under the proposed 
embankments: 

• Typical soil profile given Table 7.1 was considered representative for the respective east 
and west sides of the canal; 
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• The load from the bridge abutment (and the center pier) will be transferred to deeper and 
more competent strata by the piles and hence does not contribute to the settlement of the 
site soil; 

• The design consolidation parameters for the clayey silt summarized on Figures 12a and 12b 
in Appendix D were used for calculation of the settlement; 

• The embankment fill height corresponds to elevation 222.2 m representing embankment 
height of approximately 2 m; and 

• Settlement estimates at existing structure (i.e., at east and west abutment locations) were 
carried out for two different offsets of the proposed east and west abutments with respect to 
the existing abutments: 
• Proposed east abutment – 16 and 12 m offsets east of existing; 
• Proposed west abutment – 7.5 and 6 m west of existing. 

 
Evaluation of soil settlement due to the effects discussed above was performed using a 
computer program called Settle3D (Rocscience, 2009).  It is a three-dimensional computer 
program for the analysis of the immediate vertical settlement and consolidation of soil under 
surface loads such as embankments.  Settlement evaluation was carried out for embankments 
constructed using Select Subgrade Material (SSM) with 2H:1V slopes constructed as per OPSD 
203.030. 

Figures 16a and 16b represent the settlements anticipated east of the canal as a result of the 
roadway embankment construction for the east abutment offsets of 16 m and 12 m, 
respectively, east of the existing east abutment.  

Figures 17a and 17b represent the settlements anticipated west of the canal as a result of the 
roadway embankment construction for the west abutment offsets of 7.5 m and 6 m, respectively, 
west of the existing west abutment.  

The following table summarizes the anticipated critical settlements. 

Table 7.9:  Summary of Estimated Settlements at Existing East and West Abutments 

Location 
New East Embankment New West Embankment 

Offset=16 m East Offset=12 m East Offset=7.5 m West Offset=6 m West 

Existing East 
Abutment 

<1 mm < 1 mm Negligible Negligible 

Existing West 
Abutment 

Negligible Negligible <2 mm <2 mm 

The respective maximum settlements caused by the east and west embankments are 34 mm 
and 40 mm.  The corresponding maximum settlements at the proposed abutments are 17 mm 
and 20 mm, respectively, at the new east and west abutments.  The critical location of predicted 
settlements is at the existing bridge abutments.  As shown in Table 7.9 above, the proposed 
bridge replacement configuration and the abutment offsets will satisfy the requirements of 
minimizing settlement at the existing bridge east and west abutments; a requirement driven by 
the poor condition of the existing timber piles. 
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It is noted that the settlement within the clayey silt strata is within the recompression portion of 
the consolidation model; i.e., the new overburden stresses will not exceed historic geological 
pressures.  Therefore, settlements are anticipated to occur within a few weeks of embankment 
construction. 

It is noted that there will also be a minor amount of self-weight settlement of the embankment 
fill.  This self-weight settlement was estimated using charts provided by Poulos and Davis 
(1974) for embankments having similar geometries to the SSM embankments presented herein. 
The estimated self-weight settlement was approximately 10 to 15 mm, for the SSM 
embankment fill.  This settlement is also expected to be completed by the end of construction.  

No settlement monitoring is recommended for this project. 

7.8 CEMENT TYPE AND CORROSION POTENTIAL 

Nine samples of the native soil at different locations across the site were tested for pH, water 
soluble sulphate and chloride concentrations, and resistivity.  The testing was completed to 
determine the potential for degradation of the concrete in the presence of soluble sulphates and 
the potential for corrosion of exposed steel used in foundations and buried infrastructure.  The 
analysis results are summarized in Table 4.2. 

The concentration of soluble sulphate provides an indication of the degree of sulphate attack 
that is expected for concrete in contact with soil and groundwater at the site.  The soluble 
sulphate concentrations for the samples tested ranged between 10 and 297 µg/g.  Soluble 
sulphate concentrations less than 1000 µg/g generally indicate that a low degree of sulphate 
attack is expected for concrete in contact with soil and groundwater.  Type GU (General Use) 
Portland Cement should therefore be suitable for use in concrete at this site.  

The pH, resistivity and chloride concentration provide an indication of the degree of 
corrosiveness of the sub-surface environment.  The soil pH values were between 6.9 and 8.4 
which are within what is considered the normal range for soil pH of 5.5 to 9.0.  The pH levels of 
the tested soil do not indicate a highly corrosive environment.  The test results provided in Table 
4.2 may be used to aid in the selection of coatings and corrosion protection systems for buried 
steel objects. 

8.0 Construction Considerations 

8.1 CONSTRUCTION STAGING 

Construction staging is not anticipated for the proposed bridge replacement; ie., the traffic will 
be maintained on the appropriate detour routes throughout the construction period. 

Construction of the approach embankments and the roadway widening, which will extend to 
approximately 450 m east of the east abutment and will require organic silt removal similar to 
OPSD 203.030.  Open cut excavation will not be possible and temporary roadway protection will 
be required. 
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8.2 EXCAVATION AND BACKFILLING 

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

Excavation and removal of muck should be carried out in accordance with OPSD 203.030. 

All vegetation, fill, organic soils and other deleterious materials must be removed from beneath 
the proposed bridge foundation pile caps.  Where deleterious materials are encountered, the 
material should be excavated, wasted and replaced.     

Side slopes for open cut excavations should conform to the Occupational Health and Safety Act 
(OHSA) regulations for Construction Projects.  The organic silt and the very loose to loose 
underlying silt should be considered a Type 4 soil.  The remaining soils encountered in the 
boreholes may be considered a Type 3 Soil in accordance with the OHSA. 

Grading work should be carried out in accordance with OPSS 206 Construction Specification for 
Grading and SP 206S03. 

It is noted that excavated material containing organics such as organic silt (muck) encountered 
at the site will not be suitable as backfill behind walls or for embankment construction. 

8.3 ROADWAY PROTECTION SYSTEM 

Construction of the approach embankment fills along the proposed new alignment will require 
the removal of soft organic silt (muck) in the vicinity of the bridge.  The extent of the muck 
removal is anticipated to be approximately 450 m to accommodate the anticipated length of 
embankment widening.  This will involve excavations in the vicinity of the existing approach fills.  
It is understood that two traffic lanes are required to be open during construction.  Hence, a 
temporary roadway protection is required to reduce any adverse impacts on the existing traffic 
during construction. 

A conceptual drawing showing the anticipated location of the roadway protection is provided in 
Appendix E.  It is anticipated that cantilevered sheet piles will be required to support the 
roadway while organic silt removal is being carried out.  Although organic silt was not 
encountered within the boreholes drilled through the existing road embankment, it is anticipated 
that organic silt removal will extend to between 2.0 and 4.0 m below the road profile; this height 
can generally be supported by cantilevered sheet piles.  The contractor will be responsible for 
designing his proposed support system. 

Computation of earth pressures should be in accordance with Section 6.9 of the CHBDC.  For 
roadway protection with a horizontal backfill, the unfactored soil parameters provided in Table 
7.5 may be used for design.   
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The total active (PA) and passive (PP) thrusts can be calculated using the following equations. 

PA = ½ Ka γ H2 

PP = ½ Kp γ H2 

Where H is the height of the wall and the values for Ka, Kp, and γ are provided in Table 7.5.  The 
thrust typically acts at a point one third up the height of the wall, however, roadway protection 
types and materials will dictate the actual pressure distribution. 

The contractor will ultimately be responsible to develop and implement a roadway protection 
system meeting the requirements of OPSS 539, including establishing appropriate geotechnical 
design parameters. 

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

8.4 TEMPORARY CONSTRUCTION UNWATERING 

It is understood that the abutment excavations are going to extend below the water level in the 
Holland Drainage Canal.  Construction will require removal of the organic silt to elevation 
215.5 m or about 3 m below the canal water level. 

Control of the water flow in the canal will require a sheet pile cofferdam driven into the clayey silt 
to prevent flow into the excavations.  A Dewatering NSSP should be included in the contract to 
cover the possibility that the groundwater level increases during construction to the point where 
some dewatering effort is required to provide a stable earth platform for construction purposes.  
A copy of the NSSP is provided in Appendix E. 

The clayey silt into which the sheet piles will be driven to form a cofferdam has a low coefficient 
of permeability estimated to be less than 10-8 m/sec.  Provided the sheet piles are embedded 
within the clayey silt layer unwatering within cofferdams should be achieved using conventional 
sumps and pumps from within. 

8.5 EROSION AND SCOUR PROTECTION 

Scour protection will be required to ensure the long-term surficial stability of the embankment 
slopes and adjacent canal banks.  All slopes within 3 m of upstream and downstream of the 
bridge should be surfaced with rip-rap at least 300 mm thick placed on a Class II non-woven 
filter fabric.  The rip-rap should extend up the slopes to 0.3 m above the design high water level. 

Normal slope vegetation should be established as soon as possible after completion of the 
embankment fills in order to control surficial erosion. 
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The contractor should provide silt fences and erosion control blankets, as required, throughout 
the duration of the construction to prevent silt/sediments from running off the site.  

8.6 PILE INSTALLATION 

It is essential that the compatibility of the pile driving equipment, the soil conditions, and the pile 
type being driven is properly accounted for in order to achieve the required pile penetration and 
a satisfactory pile foundation. 

Piles shall have reinforced tips according to Ontario Provincial Detail OPSD 3001.100 Type I. 

The pile driving equipment shall be appropriate to the driving conditions and capable of 
delivering a minimum specified energy of 50kJ. 

It is recommended that pile driving note 2 be used in the contract drawings.  “Piles to be driven 
to el. 195 m”.   
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9.0 Specifications 

The following specifications are referenced in this report: 

Table 9.1:  Specifications Referenced in Report 
Document Title 

OPSD 203.010 Embankments over Swamp – New Construction 
OPSD 203.030 Embankments over Swamps 
OPSD 3001.100 Foundation Piles Steel Tube Pile Driving Shoe 
OPSD 3090.101 Foundation Frost Depths for Southern Ontario 
OPSD 3101.150 Walls, Abutment, Backfill Minimum Granular Requirements 
OPSS 206 Construction Specification for Grading 
OPSS 517 Construction Specification for Dewatering of Pipeline, Utility and Associated Structure 
OPSS 518 Construction Specification for Control of Water from Dewatering Operations 
OPSS 539 Construction Specification for Temporary Protection System 
OPSS 902 Construction Specification for Excavation and Backfilling - Structures 
SP 206S03 Earth Excavation, Grading 
SS 103-11 MTO Structural Manual 
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