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E-mail: toronto@petomaccallum.com 
BARRIE, HAMILTON, KITCHENER, TORONTO 

FOUNDATION TECHNICAL MEMORANDUM 
For 

Medway Creek Branch Bridge (Birr) 
MTO West Region 59 Structure Rehabilitations 

Highway 4, Site 19-160, Contract 5, GWP 3062-11-00 
Geographic Township of London 

Middlesex County, Ontario 
 

 

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 Medway Creek Branch Bridge (Birr) on Highway 4.  The Foundation 

Engineering recommendations from the initial 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 January 23, 2015, it is understood that rehabilitation of 

the bridge structure will be completed in two stages with the use of temporary portable signals to 

maintain one lane of traffic.  

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 Medway Creek Branch Bridge (Birr) on Highway 4 is located about 16 km (10 miles) north of 

London in the Geographic Township of London, Middlesex County, Ontario. A key plan is shown in 

the Figure 1.  

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

of traffic.  The surrounding areas adjacent to the bridge location are generally flat cultivated field 

lands. The creek flows from east to west at the bridge location. 

Physiographically, the site is located in the region known as the Lucan Moraine. The topography of 

the region is undulating with a broad valley through which the Medway Creek meanders.  The 

geology of the subsoil is mainly moraine till of glacial origin.  In the Geographic Township of London 

the drift thickness exceeds 46 m, and in some areas 61 m, and is underlain by bedrock of the 

Dundee Formation, a light brown, medium-grained limestone with some chert (Aggregate Resources 

Inventory of London Township, Middlesex County, Southern Ontario by Ontario Geological Survey, 

dated 1983). 

3. SOURCE OF INFORMATION 

The following report was available for review and information for the Medway Creek Branch 

Bridge (Birr).    

1. Foundation Investigation for Medway Creek proposed crossing Highway # 4, 

Township of London, County of Middlesex, Dist. No. 2, W.J F-59-9, W.P. 150-59, 

Material and Research Division (foundation Office), Department of Highways 

Ontario, dated July 20, 1961. GEOCREC 40P03-003.  (Reference 1) 

2. General Arrangement, Drawing No. D-5014-1, Medway Creek Bridge, 3.7 miles 

south of Highway No. 7, King’s Highway No. 4, Dist. No 2, Lot 16 and 17, Con. XII, 

Township London, County of Middlesex, W.P 150-59, TWP. 93-160-1 by 

Department of Highways Ontario - Bridge Division, dated March 1962.  

(Reference 2) 
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4. SITE RECONNAISSANCE 

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

Medway Creek Branch Bridge (Birr) was carried out on July 24, 2014. A photographic record of the 

site visit is attached in Appendix B.    

The slopes adjacent to the abutments were vegetated (Photographs 2, 3, 5 and 6). Rocks placed on 

slope faces and at the toes were observed to protect against erosion and scouring of exposed earth 

soils. The slopes were visibly in stable condition. Slight scouring was observed at the slope toes. No 

obvious major cracks were observed on the abutment walls except for some surficial cracks 

(Photographs 1 and 4). The effect of erosion or scouring at the abutment walls could not be 

established below the creek water level. No weep holes or drainage systems were observed in the 

abutment walls or adjacent slopes.  

At the time of the site reconnaissance the creek water was up to 0.5 m deep. 

5. PREVIOUS FOUNDATION INVESTIGATION AND SUBSURFACE CONDITIONS 

The site is located on Highway 4 in the Geographic Township of London, Ontario. The general 

subsurface conditions presented in this section are based on the Foundation Investigation Report, 

GEOCRES 40P03-003, dated July 20, 1961 (Reference 1).  

The foundation report includes the borehole location plan (Drawing No.F59-9A), Record of Borehole 

sheets (1 to 4), and Summary of the Field and Laboratory tests. 

The purpose of the previous investigation was to replace the original concrete single span bridge 

structure, 14.6 m (48 ft.) long and 12.2 m (40 ft.) wide, with a new bridge at the same location with 

the same geometry but with a raised grade of approximately 0.6 m (2 ft.). The centre line of the 

structure was to remain unchanged.  

The investigation comprised four boreholes which were drilled from February 11 to 28, 1959 and 

were drilled to depths of 7.8 to 9.6 m (25.5 to 31.5 ft.), elevation 274.5 to 276.0 (900.5 to 905.5 ft.). 
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Dynamic cone penetration tests (DCPTs) that were conducted directly adjacent to the location of the 

four boreholes. The DCPTs met penetration refusal at depths of 3.0 to 4.9 m (10 to 16 ft.), 

elevation 278.3 to 280.7 (913 to 921 ft.). 

The boreholes were drilled using a core drill machine adapted for soil sampling. In granular soils, 

samples were obtained by utilizing a 50 mm (2 in.) O.D. split barrelled spoon.  The dimensions of the 

spoon sampler and the energy used in driving it conformed to the requirements of the Standard 

Penetration test. 

The samples obtained were visually examined in the field and representative samples were brought 

to the laboratory for further testing.  

Generally, about a 3.0 m layer of loose to dense fine to coarse sand, silt and gravel occasionally 

blended with very stiff to hard clayey silt  was underlain by a deep deposit of generally hard silty clay till. 

Sand and Gravel 

A 2.7 and 3.0 m (9.0 and 10.0 ft.)  thick surficial compact to very dense sand and gravel layer was 

encountered in boreholes 1 and 4 which extended to elevation 280.7 and 280.1 (921.0 and 919.0 ft.), 

respectively. N values of 28 to 80 were recorded for the sand and gravel layer. Moisture content 

determination ranged from 2.7 to 10.2%.  

Clayey Silt 

A 2.6 and 3.5 m (8.5 and 11.5 ft.) thick surficial very stiff to hard clayey silt was encountered in 

boreholes 2 and 3 and extended to elevation 281.3 and 280.3 (923.0 and 919.5 ft.), respectively. 

Layers of sandy silt and gravelly sand were encountered within the clayey silt.  A shear strength of 

56.5 kPa (1180 psf) was measured in the clayey silt layer.  

A 0.6 m thick layer of loose sandy silt layer was encountered within the clayey silt in borehole 2 from 

0.9 to 1.5 m (3 to 5 ft.), elevation 282.4 to 283.0 (926.5 to 928.5 ft.). One N value of 4 with a 

corresponding moisture content of 23.1% was obtained for the sandy silt layer.   
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A layer of 1.5 m thick dense gravelly sand was encountered within the clayey silt material in 

borehole 3 from 1.8 to 3.3 m (6 to 11 ft.), elevation 280.4 to 281.9 (920.0 to 925.0 ft.). Two N values 

recorded were 31 and 45. One moisture content of 6.8% was measured for a gravelly sand sample.   

Boulders were encountered in the clayey silt layer at 1.8 to 2.4 m (6.0 to 8.0 ft.), elevation 281.5 to 

282.1 (923.5 to 925.5 ft.) in borehole 2 and at 2.1 to 3.3 m (7.0 to 11.0 ft.), elevation 280.4 to 281.6 

(920.0 to 924.0 ft.) in borehole 3. 

Silty Clay Till 

A silty clay till layer was encountered below the sand and gravel at 2.1 and 3.0 m (7.0 to 10.0 ft.), 

elevation 280.7 and 280.1 (921.0 and 919.0 ft.) and extended to boreholes 1 and 4 termination 

depth at 8.5 and 8.1 m (28.0 and 26.5 ft.), elevation 274.9 and 275.1 (902.0 and 902.5 ft.), 

respectively.  

The clayey silt layer in boreholes 2 and 3 was underlain by a hard stratum of silty clay till which was 

encountered at 2.6 and 3.5 m (8.5 and 11.5 ft.), elevation 281.3 and 280.3 (923.0 and 919.5 ft.), 

respectively, in boreholes 2 and 3 and extended to borehole termination depth at 9.4 and 7.8 m (31.0 

and 25.5 ft.), elevation 274.5 and 276.0 (900.5 and 905.5 ft.), respectively. 

N values recorded were between 40 and 109.  Laboratory shear measured for silty clay till ranged 

from 81.4 to 263.3 kPa (1700 to 5500 psf). The Atterberg liquid limits ranged from about 19.6 to 24.4 

and plastic limits from 10.8 to 13.4 for the silty clay samples. The plasticity index ranged from 8.3 to 

11.0.  Further, the unit weight of the silty clay till samples varied between 21.8 and 23.9 kN/m
3 

(138.5 

to 152.2 pcf).  Moisture content determinations ranged approximately from 9.7 to 15.9%. 

Groundwater 

Groundwater was encountered during the site investigation in boreholes 2 to 4 at 0.8 to 1.7 m (2.0 to 

5.5 ft.), elevation 282.1 to 283.2 (925.5 to 929 ft.).  
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6. FOUNDATION  

6.1 Previous Foundation Recommendations 

The foundation report stated that based on the subsoil conditions encountered, spread footings 

would be favourable for founding the new bridge structure.  The report suggested that proposed 

footings be placed at or below elevation 281.9 (925.0 ft.). A safe bearing pressure of 335 kPa 

(3.5 tsf) for 1.8 m (6.0 ft.) wide footings was recommended with a safety factor of 3 incorporated. The 

safe bearing pressure recommended included safeguard against settlement of more than 25 mm 

(1.0 in.) of the structure.  

During the investigation, groundwater encountered varied between 0.8 to 1.7 m (2.0 to 5.5 ft.), 

elevation 282.1 to 283.2 (925.5 to 929 ft.). Due to the creek water level fluctuation, protection of 

footings against scour was recommended.  It was anticipated that dewatering of the excavation 

during footing construction would be required. Further, sheet piles driven approximately 0.3 m 

(1.0 ft.) below the lower footing level and into the dense till stratum, was suggested for this purpose.   

Based on the General Arrangement Drawing (Reference 2), the proposed bridge was to be 

constructed as one rigid frame structure.  The spread footings were to be placed at elevation 279.8 

(918.0 ft.). The approach embankments were to be raised up to approximately 3.0 m (10 ft.) from the 

original ground.  On the slope faces, 0.3 to 0.6 m (1 to 2 ft.) thick hand-laid to random rip-rap was to 

be placed to protect against erosion. The slopes were to be cut back at 1.5H:1V. 

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.  
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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) 

Factored ULS 
Geotechnical 
Resistance 

 (kPa) 

SLS 
Geotechnical 

Reaction 
(kPa) 

Factored ULS 
Geotechnical 
Resistance 

(kPa) 

East 
Abutment 
on Spread 

Footing 
279.8 

(918 ft.) 3.5 335 502 450 675 

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 

From a geotechnical point of view, at the present time, foundation work for the Medway Creek 

Branch Bridge (Birr) structure is not expected provided that the total 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 two stages with the use of temporary signals to maintain one lane of traffic. 

No weep holes or drainage systems were observed in the abutment walls or adjacent slopes.  
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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 Investigation Report (GEOCRES 40P03-003) 

General Arrangement, Medway Creek Bridge (Dated March, 1962) 
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APPENDIX B 
 

Site Photographs 
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Photograph 1: Looking at the north abutment from the southeast corner of the bridge site. No 

obvious cracks were observed on concrete. Scouring effect below the water could not be 

established. (July 24, 2014)  

 
Photograph 2: Looking north at the east adjacent slope. The slope was covered with grass and 

bushes. Rock pieces were observed at the slope toe to protect from scouring effects. (July 24, 2014) 
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Photograph 3: Looking north at the adjacent west slope of the north abutment. The slope 

was covered by bushes.  Rocks were observed at the toe of the slope to prevent further 

scouring. (July 24, 2014) 
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Photograph 4: Looking at the south abutment wall from the northeast corner of the bridge site. No 

obvious cracks were observed except for some surface cracks. Scouring effect below the water 

could not be established.  (July 24, 2014) 

 
Photograph 5: Looking south at the east slope adjacent to the south abutment.  Rocks were placed 

at the toe and face of the slope to prevent erosion and scour. (July 24, 2014)  
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Photograph 6: Looking south at the west slope adjacent to the south abutment wall.  Rocks were 

placed at the toe and face of the slope to prevent erosion and scouring. (July 24, 2014) 
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