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1. INTRODUCTION 

The Foundation Engineering Services for the present project involve the detail foundation 

investigation and design for the rehabilitation of 59 structures in MTO West Region along 

Highways 4, 6, 401, 402 and 403.  Ten (10) Group Work Projects (GWP’s) are contemplated to be 

completed between 2014 and 2020.   

This technical memorandum summarizes the factual results of geotechnical data based on the 

review and compilation of existing subsurface information from relevant reports in the MTO 

GEOCRES Library for the McDougall Drain Bridge EBL on Highway 401.  The Foundation 

Engineering recommendations from the existing bridge foundation reports are summarized with 

reference to the “Canadian Highway Bridge Design Code” (CHBDC) and follow in general the 

“Guidelines for Professional Engineers providing Geotechnical Engineering Services”. 

From the Minutes of Meeting Report, dated July 24, 2014, it is understood that the bridge will be 

rehabilitated in a single stage using median crossovers.   

The purpose of the Technical Memorandum is to summarize the subsurface and groundwater 

conditions and foundation recommendations based on available reports at the bridge location for 

the design project team’s reference.  

The elevations in this report are expressed in meters, unless otherwise noted. 
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2. PROJECT SITE BACKGROUND AND GEOLOGY 

The McDougall Drain Bridge EBL on Highway 401 is located in the Geographic Township of 

Tilbury East, Kent County, Ontario.  A key plan is shown in Figure 1.  

The existing structure is a single span reinforced concrete rigid frame structure that carries two 

lanes of Highway 401 Eastbound traffic.  The site and its surrounding area are generally flat 

farmland. The drain was originally a branch of Jeannette Creek and had been widened and 

dredged into a drainage channel.  

Physiographically, the site is located on St. Clair Cay Plains. The plains are covered by deep 

deposit clay of glacial Lake Whittlesey and Warren underlain by limestone or shale bedrock. At 

this site, the upper zone of the clay stratum has been desiccated and exists in stiff condition for a 

depth of approximately 7.6 m (25 ft). The underlying shale or limestone bedrock at the site area 

belongs to Hamilton Group of Middle Devonian period. 

3. SOURCE OF INFORMATION 

The following foundation report and drawing, appended in Appendix A, were available for review 

and provided information for the bridge structure, subsoil information and original foundation 

recommendations. 

1. Foundation Report on Highway 401 and Drain & Relocated Gravel Road 

Crossing, Lots 3 and 4, Concession VI, Township of Tilbury East, 5.5 Miles 

Northeast of Tilbury, W.P 9-59, W.J F-59-12, Department of Highways Ontario, 

dated March 24, 1959, GEOCRES No. 40J08-006. (Reference 1) 

2. Tilbury East Township Bridge No. 4 – General Layout, The King’s Highway 401, 

District No. 1, Lots 3 and 4, Concession VI, Township of Tilbury East, County of 

Kent, W.P 9-59, T.W.P 104-190-1-A. Department of Highways Ontario, dated 

October 1959. (Reference 2) 
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4. SITE RECONNAISSANCE 

As part of the current foundation engineering assessment study, a site reconnaissance of the 

McDougall Drain Bridge EBL was carried out on October 20, 2013. A photographic record of the 

site visit is attached in Appendix B.    

The adjacent slopes were heavily vegetated with grasses and bushes (Photographs 1, 4 and 5). 

The slopes were not affected by erosion. Sheet piles were observed in front of the abutments 

(Photographs 2, 3, and 4) that protected the foundation of the abutments from scouring effects. 

No obvious major cracks were observed on the abutment walls, except some surficial cracks. 

Open weep holes were observed in the abutment walls (Photographs 2 and 3). 

5. PREVIOUS FIELD INVESTIGATION AND SUMMARIZED SUBSURFACE CONDITIONS 

The site is located on Highway 401 in the Geographic Township of Tilbury East, Kent County, 

Ontario. The general subsurface conditions presented in this section are based on the Foundation 

Report, GEOCRES 40J08-006 dated March 24, 1959.  

The original investigation was carried out to determine the competence of the subsoil layers for 

supporting the foundations of the proposed structures that would be located some 8.8 km 

(5.5 miles) northeast of Tilbury, where Highway 401 Line ‘A’ would cross the relocated County 

road and the drainage creek (McDougall Drain) between Lots 3 & 4 in Con. VI, Township of 

Tilbury East.   

The foundation report includes the borehole location plan (Drawing No.F59-12A), Record of 

Borehole sheets (1 to 6) and summary of the Field and Laboratory tests. 

The foundation investigation comprised six boreholes, which were drilled between February 5 and 

9, 1959. The boreholes were drilled to depths of 6.7 to 11.3 m. Two dynamic cone penetration 

tests (DCPTs) were conducted. One DCPT was carried out directly adjacent to the location of 

borehole 3 which was advanced from the ground surface to 3.9 m, elevation 175.2.  Another 

DCPT was carried out in borehole 4 from the borehole auger termination elevation 169.4 

(555.8 ft.) to elevation 166.4 (545.8 ft.), where refusal was met. The field investigation was carried 

out by a trailer-mounted continuous flight auger adapted for soil sampling.   
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Conventional auger boring procedures were followed and samples were recovered at depths 

required. Samples were obtained using 50.8 mm (2 in.) I.D. thin walled Shelby tube samplers or 

50.8 mm (2 in.) O.D. split barrelled spoon samplers.     

Generally the site was underlain by a stiff crust of silty clay followed by the thick stratum of soft to 

medium silty clay. 

Topsoil  

A layer of about 60 to 300 mm thick surficial frozen topsoil was encountered in all boreholes. 

Sandy Clay 

A 0.6 to 0.9 m thick deposit of sandy clay was encountered beneath the topsoil in all boreholes, 

except in borehole 1, and extended to elevation 177.1 to 178.0. 

Desiccated Silty Clay 

Below the surficial topsoil in borehole 1 and below the sandy clay layer in the other boreholes, a 

stiff to hard silty clay layer was encountered which extended to 6.7 to 8.2 m, elevation 170.1 to 

172.2. Boreholes 1, 2, 5 and 6 were terminated in the stiff to hard silty clay deposit between 6.7 

and 8.2 m, between elevation 170.1 and 172.2. The stiff condition of the upper zone of clay was 

believed to be the result of desiccation, and has been subjected to oxidation resulting in its 

present brownish colour. The color changed to predominately grey below the oxidized layer. The 

silty clay layer contains approximately 47% clay, 25% silt, 20% sand and 8% fine to medium 

gravel.  

N values recorded ranged between 12 and 31 with one low N value of 7 in the upper portion of the 

silty clay layer. The laboratory shear strength obtained for this layer ranged from 91.0 to 458.2 kPa. 

The Atterberg liquid and plastic limits averaged 27 and 16, respectively, with an average moisture 

content of 17%. The Atterberg liquid limits ranged from 26.8 to 37.1 and plastic limits ranged 

between 21.1 and 15.5 for the silty clay samples. The plasticity index ranged from 10.1 to 16.0. 

The unit weight of the upper silty clay samples varied from 19.3 to 21.7 kN/m
3
.  Moisture content 

determinations ranged from 15.0 to 19.0%. 
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The coefficient of consolidation was 0.015 m
2
/day (0.17 ft

2
/day) and the compression index 

obtained was 0.10 with 95.8 kPa (1.0 tsf) preconsolidation pressure for the upper 7.6 m (25 ft.) 

silty clay subsoil. Further, the layer appeared to be saturated and pre-consolidated based on the 

consolidation test results. 

Silty Clay 

Below the desiccated silty clay stratum a layer of stiff to firm silty clay was encountered in 

boreholes 3 and 4 at 7.6 m, elevation 171.3 and 171.5 which extended to borehole termination 

depths 11.3 and 9.7 m, elevation 167.9 and 169.4, respectively. The silty clay layer contains 

approximately 47% clay, 25% silt, 20% sand and 8% fine to medium gravel.  

Two laboratory shear strengths obtained for this layer were 25.2 and 44.8 kPa, which indicate that 

the consistency for this portion of silty clay is firm. Further, the layer appeared to be saturated and 

normally consolidated, which was confirmed by the consolidation test results. 

 The average unit weight was found to be between 19.4 and 21.2 kN/m
3
. The moisture content 

determinations were between 17.1 and 28.9%.  The Atterberg liquid limits ranged from 26.8 to 

29.3 and plastic limit ranged from 16.1 to 16.9.   

The coefficient of consolidation obtained was 0.006 m
2
/day (0.06 ft

2
/day) and the compression 

index obtained was 0.16 for the silty clay soil below 7.6 m (25 ft.).  

Groundwater 

No ground water was observed throughout the depth of boring during the investigation. Due to the 

impermeable nature of the silty clay stratum and absence of sand it was not possible to accurately 

establish the elevation of the ground water table. Based on fully saturated recovered samples, the 

ground water table was assumed at or slightly below the existing ground surface.  No artesian 

conditions were noted during the field work and seepage into footing excavations was inferred to 

be local and of minor quantities.  
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6. FOUNDATION 

6.1 Previous Foundation Recommendations 

Foundation Support 

The report (Reference 1) indicated that the upper crust of silty clay was competent to provide 

adequate foundation support. Based on the laboratory and field test results, the report indicated 

that spread footings could be placed between elevations 176.8 and 175.6 (elevation 580 and 

576 ft.) to support the structures on the stiff to hard silty clay stratum with a bearing capacity of 

191 kPa (2.0 tsf), incorporating a factor of safety of 3.0. The estimated bearing capacity was 

based on footing sizes of 30.5 to 32.9 m (100.0 to 108.0 ft.) long and 2.1 to 3.0 m (7.0 to 10.0 ft.) 

wide. 

The report emphasized that the footings should not be founded below elevation 175.6 (576 ft.) to 

avoid overstressing of the underlying soft to firm silty clay layer. The report suggested to use 

protective measures such as sheet piling for footings founded at the minimum elevation of 175.6 

(576 ft.), approximately 0.6 m below the stream bed to provide protection against erosion. Further, 

it was suggested that the footings should be founded at sufficient depth below the ground surface 

1.2 to 1.5 m (4.0 to 5.0 ft.) to provide adequate protection for frost. 

No seepage problems with respect to shallow footing excavations were anticipated since no 

water-bearing sand seams were encountered in the upper 6.1 to 7.6 m (20.0 to 25.0 ft.) of the 

subsoil. In addition, it was noted that the proposed grade line would not present any approach fill 

stability problems.  
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Settlement Analysis 

Settlement under the footings due to the application of 191 kPa (2.0 tsf) bearing pressure on 

various footing sizes (30.5 to 32.9 m (100.0 to 108.0 ft.) long and 2.1 to 3.0 m (7.0 to 10.0 ft.) 

wide) was estimated and tabulated as follows: 

FOOTING 

ELEVATION 

m (ft.) 

FOOTING SIZE 

m-m x m (ft.-ft. x ft.) 

LOADING 

INTENSITY 

kPa (tsf) 

MAXIMUM THEORETICAL 

SETTLEMENT CORRECTED FOR 

RIGIDITY AND DEPTH FACTORS 

mm (in.) 

176.8 (580) 

30.5-32.9 x 2.1 

(100-108 x 7) 

191 (2) 

99.1 (3.9) 

175.6 (576) 

30.5-32.9 x 2.1 

(100-108 x 7) 
99.1 (3.9) 

175.6 (576) 

30.5-32.9 x 3.0 

(100-108 x 10) 
119.4 (4.7) 

The report indicated that based on the above estimated settlements, ultimate settlements upon 

application of 191 kPa (2.0 tsf) bearing pressure could result in as much as 127 mm mainly due to 

the fact that the stresses caused by the applied load would influence the deep deposit of soft clay 

for a considerable depth. The report suggested that a total settlement in the order of 76 mm (3 in.) 

may be anticipated for the lifetime that the structures were designed for in view of the long period 

of years required for the estimated consolidation settlements to take place. Further, it was 

indicated that the differential settlements could be taken in the order of 25 to 38 mm (1 to 1.5 in.).  

Based on the Reference 2 general layout drawing, the footings were to be founded at about 

elevation 175.1.  Further, it was indicated that steel sheet piles (Type AP3) were to be driven to 

approximate elevation 172.5±. The steel sheet piles were observed during the site 

reconnaissance. The proposed bottom of the drain ditch was at elevation 175.9 (577 ft.). 
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6.2 Assessment of Foundation Parameters 

Based on the previous investigation and subsurface conditions encountered, the following table 

summarizes the foundation design parameters that were recommended in the previous report and 

the updated geotechnical reaction at SLS and factored geotechnical resistance at ULS are 

provided.  

FOUNDATION DESIGN PARAMETERS 

Foundation and 
Type 

Elevation 
of 

Footings 
(m) 

Previous 
Safe 

Bearing 
Resistance 

(tsf)
1 

Previous Equivalent Limit 
State Design Values 

Limit State Design Values 
Updated to current industry 

practices
2 

SLS 
Geotechnical 

Reaction 
(kPa) 

ULS 
Geotechnical 
Resistance 
Factored 

(kPa) 

SLS 
Geotechnical 

Reaction 
(kPa) 

ULS 
Geotechnical 
Resistance 
Factored 

(kPa) 

East Abutment 
on Spread 

Footing 

175.5  
(576 ft.) 2.0 190 285 300 450 

West 
Abutment on 

Spread 
Footing 

 
Notes: 1. Working stress design values.  The Ultimate Limit State design values are based on the working 

stress.  No field verifications were made. 
 2. Resistance Factor = 0.5 for shallow foundation (CFEM 4

th
 edition) 

  Assumed Factor of Safety is 3 (CFEM 4
th

 edition) 

The seismic site coefficient for the conditions at this site is 1.0 (soil profile Type 1, Canadian 

Highway Bridge Design Code (CHBDC) 2006 Edition, clause 4.4.6).  The bearing resistance for 

inclined loads should be reduced in accordance with the requirements of clause 6.7.4 of the 

CHBDC. The foundation frost penetration depth at the site is 1.2 m according to OPSD 3090.101. 

7. DISCUSSION  

The Highway 401 McDougall Drain Bridge EBL is located in the Geographic Township of Tilbury 

East, Kent County, Ontario.  The existing bridge is a single span reinforced concrete rigid frame 

structure that carries two lanes of Highway 401 Eastbound traffic. 
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From a geotechnical point of view, at the present time, foundation work for the McDougall Drain 

Bridge EBL is not expected provided that the dead load on the bridge does not increase or 

decrease by more than 10%.  

It is understood that rehabilitation of the bridge structure is anticipated and that rehabilitation will 

be completed in a single stage using median crossovers.    

Further, it is suggested that the weep holes in the abutment walls should be maintained and 

cleaned at a regular basis to prevent any clogging of the holes.  Regular maintenance of the weep 

holes will keep the water flowing from behind the abutment walls and will mitigate hydrostatic 

pressure to build-up behind the abutment and retaining walls.    
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TABLE 1 

LIST OF STANDARD SPECIFICATIONS REFERENCED IN REPORT 

DOCUMENT TITLE 

OPSD 3090.101 Foundation Frost Depth for Southern Ontario 
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Figure 1 – Key Plan 
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APPENDIX A 
 

Foundation Report at McDougall Drain (GEOCRES 40J08-006) 

General Layout – Tilbury East Township Bridge No. 4, dated October 1959 
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APPENDIX B 
 

Site Photographs 
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Photograph 1:  Looking northwest at the McDougall Drain Bridge EBL from south side of the 

bridge.  The two adjacent slopes flanking the drain on the south side of the bridge were heavily 

vegetated.  No erosion of the slope faces was observed.  (October 20, 2013) 

 

Photograph 2:  Looking at the east abutment of the structure.  The piling sheets driven were 

visible.  The weep holes observed were open and wet. The exposed earth was affected by 

scouring.  (October 20, 2013) 
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Photograph 3:  Looking at the west abutment of the structure.  The piling sheets driven were 

visible.  The weep holes observed were open and wet. The exposed earth was affected by 

scouring.  (October 20, 2013) 

 

Photograph 4:  Looking at the east abutment of the structure.  The piling sheets driven were 

visible.  The adjacent north slope of the abutment was vegetated and erosion of the slope face 

was not observed.  (October 20, 2013) 
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Photograph 5:  Looking at the west abutment of the structure.  The piling sheets driven were 

visible.  The adjacent north slope of the abutment was vegetated and erosion of the slope face 

was not observed.  (October 20, 2013) 
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