
 

 

 

 

 

 
FOUNDATION INVESTIGATION REPORT 
CULVERT 11-17025-008 REPLACEMENT 

HIGHWAY 11 
MORRISON TOWNSHIP 
G.W.P. No. 5056-12-00 

 

 

 

GEOCRES Number: 31D-580 

 

 

Report to 

 

Ainley Group Limited 

 

 

5012-E-0008 

 

 

 

 

 

 

August 29, 2014 

File: 19-6478-0 

 

104, 2460 Lancaster Road, Ottawa ON  K1B 4S5  T. 613 247 2121  F. 613 247 2185 
thurber.ca



TABLE OF CONTENTS 

 

PART 1 FACTUAL INFORMATION 

1 INTRODUCTION ....................................................................................................... 1 

2 SITE DESCRIPTION ................................................................................................. 1 

3 SITE INVESTIGATION AND FIELD TESTING .......................................................... 2 

4 LABORATORY TESTING ......................................................................................... 3 

5 DESCRIPTION OF SUBSURFACE CONDITIONS .................................................... 3 

5.1 General .............................................................................................................. 3 

5.2 Pavement Structure ........................................................................................... 3 

5.3 Embankment Fill ................................................................................................ 4 

5.4 Organic Material ................................................................................................ 4 

5.5 Sandy Silt to Silty Sand ..................................................................................... 5 

5.6 Silt ..................................................................................................................... 5 

5.7 Sand with Gravel ............................................................................................... 6 

5.8 Bedrock ............................................................................................................. 6 

5.9 Groundwater Conditions .................................................................................... 7 

6 MISCELLANEOUS .................................................................................................... 8 

 
 

Appendices 
 
Appendix A  Borehole Locations and Soil Strata Drawings  
Appendix B  Explanation of Terms and Symbols 

Record of Borehole Sheets 
Appendix C  Laboratory Test Results 
 



Culvert Replacement                                                                Page 1 

Highway 11 

 
 

 

                

FOUNDATION INVESTIGATION REPORT 
CULVERT 11-17025-008 REPLACEMENT 

HIGHWAY 11 
MORRISON TOWNSHIP 
G.W.P. No. 5056-12-00 

 

 

GEOCRES Number: 31D-580 

 
PART 1: FACTUAL INFORMATION 

 

1 INTRODUCTION 

This report presents the factual data obtained from a foundation investigation conducted by 

Thurber Engineering Ltd. (Thurber) at a culvert replacement site on Highway 11 near 

Gravenhurst, Ontario. 

No previous foundation investigation information near the subject culvert was available.  

The purpose of this investigation was to obtain subsurface information at the site and, based 

on that data, provide a comprehensive model of the subsurface conditions including borehole 

location plans, stratigraphic profiles, records of boreholes, laboratory test results and a written 

description of the subsurface conditions. 

Thurber was retained by the Ainley Group Limited (Ainley) to carry out this foundation 

investigation under MTO Agreement Number 5012-E-0008. 

2 SITE DESCRIPTION 

Culvert 11-17025-008 is located within a tangent section on Highway 11, approximately 4.0 

km north of the Severn River Bridge in the Township of Morrison. Sparrow Lake D Road and 

Rainbow Circle intersect with Highway 11 approximately 100 m to the north.  A private 

entrance is located approximately 20 m to the south on the southbound side.  The existing 

highway at this site includes two through lanes and an auxiliary lane in both the northbound 

and southbound directions which are separated by a median barrier.  Gravel shoulders are 

present to the outside on either side of the highway.  A 3-cable Guide Rail is present on the 

southbound side while an overhead utility line transverses the site near the northbound right-

of-way limit. 

A 600 mm corrugated steel pipe (CSP) 36.8 m in length is present at the site with a cover of 

approximately 2.4 m of fill. The grade of the existing Highway 11 in the vicinity of the culvert is 

at approximately 244.5 m geodetic. The invert elevation is 241.68 m on the east side and 
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241.5 m on the west side, indicating average gradients of approximately 0.5 % and a flow 

direction from east to west. 

The site is located in a rural area with brush, forested land and occasional residential 

properties. Bedrock outcrops are present within 20 m in both directions along the highway. 

Local topography is generally rugged. 

The site is located within the Canadian Shield.  Soil cover is thin and consists primarily of 

glacial till and glaciolacustrine (clay, varved clay and silt) deposits with localized organic 

deposits. 

3 SITE INVESTIGATION AND FIELD TESTING 

The borehole investigation and field testing program was carried out between March 5 and 7, 

2014 to augment information acquired during a pavement investigation at this site.  The 

foundation program consisted of drilling and sampling two boreholes (numbered 14-1 and 14-

2) to depths of 5.3 m below ground surface (elevations 240.9 m to 240.5 m) near the existing 

culvert inlet and outlet. Prior to the start of drilling, the borehole locations were staked in the 

field and utility clearances were obtained.  The staked borehole locations were subsequently 

surveyed by staff under the direction of Ainley.    

Portable drilling equipment including an electric core drill with NW casing and a tripod with a 

pulley and 140 lb SPT hammer was used to advance the inlet and outlet boreholes. Soil 

samples were obtained at selected intervals using a 50 mm diameter split spoon sampler in 

conjunction with Standard Penetration Testing (SPT). 

A pavement engineering investigation was carried out in August 2013 and included ten 

boreholes drilled with a truck mount CME Drill Rig through the embankment to depths ranging 

from 4.4 to 7.6 m below ground surface. Hollow stem augers were used to advance the 

boreholes through the embankment fill and overburden soil.  In seven of the boreholes (23-1, 

23-5, 23-6, 23-7, 23-8, 23-9 and 23-10), soil samples were obtained at selected intervals using 

a 50 mm diameter split spoon sampler in conjunction with Standard Penetration Testing (SPT).  

The remaining three boreholes (23-2, 23-3 and 23-4), provide an indication of the depth to 

bedrock as inferred by auger refusal.  Approximate locations of the boreholes are shown on 

the Borehole Location and Soil Strata Drawing in Appendix A. 

A member of Thurber’s technical staff supervised the drilling and sampling operations on a full 

time basis.  The supervisor logged the boreholes, secured the recovered soil samples in 

labelled containers, and transported the samples to Thurber’s laboratory for further 

examination and testing. 
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The boreholes were backfilled with a bentonite-grout mix.  Boreholes through asphalt were 

capped with 150 mm of premium cold-mix asphalt. 

Results of field drilling and sampling are presented on the Record of Borehole sheets in 

Appendix B. 

4 LABORATORY TESTING 

Soil samples were subjected to Visual Identification and to natural moisture content 

determination.  Selected soil samples were subjected to grain size distribution analyses (sieve 

and hydrometer).  The results of this laboratory testing program are shown on the Record of 

Borehole sheets in Appendix B and on the figures in Appendix C.   

5 DESCRIPTION OF SUBSURFACE CONDITIONS 

5.1 General 

Reference is made to the Record of Borehole sheets in Appendix B for details of the 

soil stratigraphy encountered in the boreholes.  A stratigraphic profile for the culvert 

replacement alignment is presented on the Borehole Locations and Soil Strata Drawing 

in Appendix A for illustrative purposes.  An overall description of the stratigraphy is 

given in the following paragraphs; however, the factual data presented in the record of 

boreholes governs any interpretation of the site conditions. 

In general, the subsurface conditions encountered in the boreholes located on the 

highway embankment consist of asphalt and/or fill overlying silty sand to silt deposits 

underlain by probable bedrock. More detailed descriptions of the individual strata are 

presented below. 

5.2 Pavement Structure 

Boreholes 23-1and 23-5 were advanced through the southbound speed change lane 

of Highway 11 while boreholes 23-6, 23-7, 23-8, 23-9 and 23-10 were advanced 

through the northbound speed change lane of Highway 11. The thickness of the asphalt 

was 95 mm in the southbound direction and 135 to 140 mm in the northbound direction. 

Granular fill material consisting of sand with silt to sand with silt and gravel was present 

directly beneath the asphalt in Boreholes 23-1, 23-5, 23-6, 23-7, 23-8, 23-9 and 23-10 

and extended to a depth of 0.8 m below ground surface. The base of the granular fill 

was encountered at elevations ranging from 242.7 to 243 m. 

SPT N-values ranged from 13 to 41 blows per 0.3 m penetration indicating a compact 

to dense relative density. The water contents of the recovered fill samples ranged 

between 3% and 9%.  Grain size analyses conducted on three samples of the granular 
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fill are presented on Figure 1 in Appendix C.  These results are summarized in the 

following table. 

 

 

 

 

5.3 Embankment Fill 

Embankment fill consisting of sand with silt to sand with silt and gravel was encountered 

below the pavement structure in Boreholes 23-1, 23-5, 23-6, 23-7, 23-8, 23-9 and 23-

10. The thickness of the embankment fill ranged from 1.4 to 2.2 m.  The base of the 

embankment fill was encountered at elevations ranging from 240.6 to 241.6 m. 

SPT N-values ranged from 3 to 34 blows per 0.3 m penetration, indicating a very loose 

to dense state. The water contents of the recovered fill samples ranged between 4% 

and 10%.  Grain size analyses conducted on four samples of embankment fill are 

presented on Figure 2 in Appendix C.  The results are summarized in the following 

table. 

 

 

 

 

Cobbles were inferred to be present between 2.3 and 3.0 m depths within the 

embankment fill in Borehole 23-8 based on grinding noises and vibration during 

advancement of the augers. Asphalt fragments were noted in the fill in Boreholes 23-1 

and 23-5. 

5.4 Organic Material 

Organic material ranging from 50 mm to 100 mm in thickness was encountered at the 

ground surface in Boreholes 14-1 and 14-2. The thickness of the surficial organic 

material may vary between and beyond the borehole locations, and the limited data is 

not suitable for estimating stripping quantities. 

Soil Particles % 

Gravel 7 to 26 

Sand 67 to 82  

Silt and Clay 7 to 11 

Soil Particles % 

Gravel 10 to 23 

Sand 71 to 84 

Silt and Clay 6 to 9 
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5.5 Sandy Silt to Silty Sand 

The surficial materials and fill were underlain by a sandy silt to silty sand deposit in all 

boreholes. In Boreholes 23-1, 23-5, 23-6, 23-9 and 23-10 the upper portion contained 

organic material; this layer was up to 0.8 m in thickness.  Cobbles were noted from 3.7 

m to 4.5 m depth in Borehole 23-1 and rock fragments were observed in Borehole 23-

1 and 14-1 at a depth of 4.5 m to 5.2 m. The sandy silt to silty sand layer was observed 

to extend the full borehole depth in all boreholes except Boreholes 23-1, 23-7, 23-9 and 

14-1. In these four boreholes the underside of the silty sand/sandy silt layer was 

observed at depths ranging from 4.7 m to 7.3 m (elevation 239.1 m to 235.6 m). 

SPT N-values measured within this deposit ranged from 1 to 73 blows per 0.3 m 

penetration, but were typically indicative of a very loose to compact state.  The colour 

of the sandy silt/silty sand ranged from brown to grey. 

The moisture content of the samples tested ranged from 12% to 91% with the higher 

value recorded within the upper portion of Borehole 23-9 which contained organic 

material.  A number of samples of this deposit were subjected to gradation analysis. 

The results are summarized in the table below and presented on Fig. No 3, 4 and 5 in 

Appendix C. 

 

 

 

 

 

5.6 Silt 

Silt layers were noted within the sandy silt/silty sand deposit in Boreholes 23-5 and 14-

2. In Borehole 14-2 the silt was found in two distinct layers, the top of the first was at 

an elevation of 238.8 m and had a thickness of 0.7 m while the top of the second layer 

was found at 237.2 m and had a thickness of 1.5 m. The top of the silt deposit in 

Borehole 23-5 was at an elevation 240.0 m and this deposit had a thickness of 2.1 m. 

SPT N-values measured within this deposit ranged from 10 to 22 blows per 0.3 m 

penetration, indicating a loose to compact state.  The colour of the silt was grey in all 

cases. 

Soil Particles % 

Gravel 0 to 4 

Sand 32 to 83 

Silt  15 to 62 

Clay 2 to 12 
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The moisture content of the samples tested ranged from 22% to 31%.  Three samples 

of this deposit were subjected to gradation analysis. The results are summarized in the 

table below and presented on Figure 6 in Appendix C. 

 

 

 

 

 

Atterberg limit testing on samples from this layer indicated it to be a non-plastic material. 

5.7 Sand with Gravel 

A sand with gravel layer was observed at a depth of 7.0 m below ground surface in 

Borehole 23-7. This unit extended to the termination depth of the borehole at 7.5 m 

(elevation 236.0 m). It was observed to be compact based on an SPT N value of 16 

blows per 0.3 m of penetration. 

5.8 Bedrock  

Boreholes 23-1, 23-9 and 14-1 were terminated at refusal on probable bedrock. 

Boreholes 23-2, 23-3 and 23-4 were drilled unsampled as rock probes to provide a 

further indication of bedrock depth. The following table provides a summary of the 

available information. 

Borehole Depth to Probable Bedrock Probable Bedrock Elevation 

23-1 4.7 m 239.1 m 

23-2 Probe 4.5 m 239.3 m 

23-3 Probe not encountered to 4.5 m deeper than 239.2 m 

23-4 Probe not encountered to 7.6 m deeper than 236.1 m 

23-5 not encountered to 6.7 m deeper than 237.0 m 

23-6 not encountered to 7.6 m deeper than 235.9 m 

23-7 not encountered to 7.5 m deeper than 236.0 m 

  

Soil Particles % 

Gravel 0 to 2 

Sand 2 to 3 

Silt  78 to 88 

Clay 7 to 20 
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23-8 not encountered to 4.4 m deeper than 239.2 m 

23-9 7.3 m 236.3 m 

23-10 not encountered to 7.5 m deeper than 236.2 m 

14-1 5.3 m 235.6 m 

14-2 not encountered to 5.3 m deeper than 235.2 m 

 

It is noted that bedrock outcrops are present to the northwest and southeast of this 

culvert site. 

5.9 Groundwater Conditions 

Free water was observed in Boreholes 14-1, 14-2, 23-1 and 23-8 at the time of drilling 

at elevations of 240.9 m, 240.1 m, 240.8 m and 241.0 m respectively. Water at the inlet 

of the culvert was observed at approximately elevation 240.9 m at the time of drilling. 

Where surface water is present, the groundwater level should be assumed to coincide 

with the local surface water level.  Local high water levels and the effects of heavy 

rainfalls must also be taken into consideration. 
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135mm ASPHALT
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Culvert Replacement 

Hwy 11, Morrison Township 
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