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1. INTRODUCTION 

This report summarizes the results of a foundation investigation carried out on Highway 400 near 

Bayfield Street for the installation of a new storm sewer, replacement of an existing storm sewer 

and extension of an existing culvert. The site is located in the City of Barrie, Ontario.  The study 

was carried out by Peto MacCallum Ltd. (PML) for the Ministry of Transportation of 

Ontario (MTO). 

The purpose of this report is to summarize the subsurface stratigraphy encountered at the site of 

the proposed works during the investigation.  

2. SITE DESCRIPTION AND GEOLOGY 

The site lies on the west side of Highway 400 between the Highway 400 southbound E/W-S ramp 

at Bayfield Street and Sunnidale Road in the City of Barrie.  Land use in the vicinity of the site 

includes the Highway 400 transportation corridor, a stormwater control facility with a large berm 

west of the transportation corridor and dense stands of trees beyond the berm to the west.  A 

channel from the stormwater control facility extends between the existing box culvert under 

Highway 400 and the stormwater control facility culvert outlet. 

The local topography is undulating but generally governed by the Highway 400 transportation 

corridor. The ground surface is generally slopes downwards from the north to the south and also 

slopes downwards both east and west of the existing Highway 400 embankment.  West of 

Highway 400 ditch line the ground slopes upwards towards the top of the large berm.   
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The project site is located within the physiographic region known as the Simcoe Uplands.  The 

Simcoe Uplands comprise a series of broad, rolling glacial till plains (locally sand till), separated 

by steep-sided flat floored valleys.   

3. INVESTIGATION PROCEDURES 

The field work for this study was carried out on July 13, 2014 and comprised 4 boreholes drilled to 

depths of 3.4 to 3.5 m for the proposed storm drain installation (BH’s 2 to 5 inclusive), and 

2 boreholes drilled to depths of 9.6 and 19.1 m for the proposed culvert extension and storm 

sewer replacement (BH’s 1 and 1A).  The locations of the boreholes are shown on appended 

Drawings B-1 and B-2. 

The borehole locations were strategically located to provide soils data for the proposed works 

while minimizing the impact on the existing Highway 400 traffic.  The borehole locations and 

elevations were surveyed in the field by Rudy Mak Surveying.  All elevations in this report are 

expressed in metres.  

The boreholes were advanced using continuous flight solid or hollow stem augers advanced with 

a track or truck-mounted D-50 drill rig supplied and operated by a specialist drilling contractor, 

working under the full-time supervision of a PML field technician.   

Standard penetration tests and dynamic cone penetration test were conducted to assess the 

strength characteristics of the substrata.  Soil samples were recovered from the boreholes at 

regular 0.75 and 1.5 m intervals following standard penetration testing.  Soils were identified in 

accordance with MTO soil classification manual procedures.   

The groundwater conditions in the boreholes were assessed during drilling by visual examination 

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

The boreholes were backfilled with a bentonite/grout mixture, where required, in accordance with 

the MTO guidelines and MOE Reg. 903 for borehole abandonment procedures. 
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The recovered soil samples were returned to our laboratory in Toronto for detailed visual examination, 

laboratory testing and classification.  The laboratory testing program included the following tests: 

• Natural moisture content determinations (46) 

• Grain size distribution analyses (11) 

• Atterberg limit test (3) 

The figures prepared to present the results of the laboratory grain size distribution analyses and 

Atterberg Limit Test are presented in Figures B-GS-1 to B-GS-5 and B-PC-1 to B-PC-2, 

respectively.  The test results are summarized on the Record of Borehole sheets.  

4. SUMMARIZED SUBSURFACE CONDITIONS 

Reference is made to the appended Record of Borehole sheets 1A and 1 to 5 for details of the 

subsurface conditions including soil classifications, inferred stratigraphy, standard penetration test 

data, dynamic cone penetration test data and groundwater observations.  The results of laboratory 

grain size distribution analyses, Atterberg limit test and moisture content determinations are also 

shown on the Record of Borehole sheets.  

The borehole locations and stratigraphic profile prepared from the borehole data are shown on 

Drawings B-1 and B-2.  The boundaries between soil strata have been established at the borehole 

locations only.  Between and beyond the boreholes, these boundaries are assumed and 

may vary. 

In summary, the subsurface stratigraphy revealed in borehole 1A drilled at the culvert extension 

location, comprised a 1.4 m thick surficial silty sand and topsoil layer over a 3.3 m thick compact 

sand deposit, above a 4.9 m thick very stiff clayey silt deposit.  At the embankment location, 

directly east of the proposed culvert extension, borehole 1 revealed a 10 m thick compact to 

dense sand fill layer, above a 2.5 m thick very stiff clayey silt layer, overlying an approximately 

7.6 m thick compact to very dense sand deposit. At the location of the culvert extension, the slope 

is covered by large boulders with diameters in the order of 1 m.  
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Boreholes 2 to 5, drilled for the proposed storm drain along the Hwy 400 west shoulder generally 

revealed pavement structure (locally topsoil in borehole 5) over sand or sand till to the 3.4 to 

3.5 m exploration depth.  

Details of the soil stratigraphy are provided below: 

4.1 Pavement Structure 

The pavement structure encountered in boreholes 1 to 4 which were drilled through Highway 400 

and the Highway 400 E/W-S ramp, included 150 and 250 mm of asphaltic concrete, underlain by 

520 to 650 mm of sand and gravel. 

4.2 Topsoil 

A 100 mm thick layer of topsoil was encountered at the surface at BH#5 and extended to 

elevation 259.9.  A 400 mm thick layer of topsoil was also encountered beneath the silty sand fill 

at 1.0 m (elevation 244.1) at BH#1A that extended to a for a thickness of 1.4 m  

(to elevation 243.7). 

4.3 Fill 

A 0.7 to 9.1 m thick fill unit was encountered beneath the pavement structure at depths of 0.7 and 

0.9 m (elevation 254.7 and 251.5) in boreholes 2 and 1, respectively.  The fill was also contacted 

beneath the topsoil at a depth of 0.1 m (elevation 259.9) in borehole 5 and surficially in borehole 

1A.  The fill unit extended for a thickness of approximately 10.0 m (elevation 242.4) in borehole 1 

and for thicknesses ranging from 0.5 m to 1.4 m (elevation 244.1 to 259.5) in boreholes 1A, 2 and 

5.  The fill was typically loose to compact, with SPT-‘N’ values ranging from 7 to 28. However the 

fill was locally very loose and dense in borehole 1 and 1A.  The fill was moist to wet with moisture 

contents of 5 to 23%.  Clayey silt layers, topsoil layers, cobbles and boulders and organic 

inclusions were noted within the fill.  The results of an Atterberg Limit Test performed on a sample 
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of the fill is presented on Figure B-PC-1 and the results of grain size distribution analyses 

performed on 4 samples of the fill are presented on Figures B-GS-1 and B-GS-2. 

4.4 Clayey Silt 

A 2.5 and 4.9 m thick clayey silt deposit was contacted beneath the fill at depth of 10.0 m 

(elevation 242.4) in borehole 1 and beneath the sand at a depth of 4.7 m (elevation 240.4) in 

borehole 1A. The clayey silt extended to a depth of 12.5 m (elevation 239.9) in borehole 1 and to 

a depth of greater than 9.6 m (below elevation 235.5), which was the termination depth in 

borehole 1A.  The clayey silt was typically very stiff (locally hard at the bottom of borehole 1A) with 

SPT-‘N’ values of ranging from 17 to 27.   

The results of grain size distribution analyses and Atterberg Limit Tests performed on two 

samples of the clayey silt are presented on Figures B-GS-3 and B-PC-2, respectively.  Atterberg 

Limit Testing indicated that the clayey silt had liquid limits ranging from 25 to 28, plastic limits 

ranging from 14 to 15, and plasticity indices ranging from 11 to 13.  The moisture content of the 

clayey silt was between the plastic limit and liquid limit with moisture contents ranging from 18 

to 24%. 

4.5 Sand 

A 2.1 to 6.6 m thick sand deposit was contacted beneath the clayey silt at a depth of 12.5 m 

(elevation 239.9) in borehole 1, beneath the topsoil at a depth of 1.4 m (elevation 243.7) in 

borehole 1A and beneath the fill at a depth of 1.4 m (elevation 254.0) in borehole 2.  The sand 

extended to the clayey silt at 4.7 m (elevation 240.4) in borehole 1A and to the 3.5 and 19.1 m 

(elevation 251.9 and 233.3) exploration depth in boreholes 2 and 1, respectively.  The sand was 

loose to very dense with SPT-‘N’ values of 8 blows to 83 blows for 23 cm. The material was wet in 

boreholes 1 and 1A (moisture contents ranging from 18 to 23%) and moist in borehole 2 (moisture 

contents ranging from 3 to 6%).  The results grain size distribution analyses performed on 

3 samples of the sand are presented on Figure B-GS-4. 
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4.6 Sand Till 

A 2.7 to 3.0 m thick sand till layer was contacted beneath the pavement structure at depths of 0.5 

and 0.7 m (elevations 256.1 to 259.5) in boreholes 3 to 5 that extended to depths of 3.4 to 3.5 m 

(elevation 253.4 to 256.5, which was the borehole exploration depth.  The till was typically 

compact to very dense, although locally loose in the upper portion of the layer in borehole 5, with 

SPT-‘N’ values typically between 21 and 106.  The till was moist, having moisture contents of 3 to 

14%.  Cobbles and boulders were noted within the layer. The results of grain size distribution 

analyses performed on 3 samples of the layers are presented on Figure B-GS-5. 

4.7 Groundwater 

In the process of augering, water strikes were observed at depths of 1.5 and 8.8 m (elevation 

243.6) and in boreholes 1A and 1 respectively.  Upon completion of augering, groundwater was 

measured at a depth of 1.5 m (elevation 243.6) in boreholes 1A.   

The water level in the stormwater drainage channel at the location of the proposed culvert 

extension and adjacent to borehole 1A was at elevation 243.7 on July 13, 2014. 

The groundwater levels at the site are subject to seasonal fluctuation. 
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