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Foundation Investigation  

1.1   Introduction 

This report presents the results of a geotechnical investigation carried out by Trow 
Associates Inc. (Trow) at the outlet extension of Culvert # 60, located on the east side of 
Highway 11 at Station 11+684 within Township of Pacaud.  Trow was retained by D. F 
Elliot on behalf of MTO to undertake this assignment.  Terms of Reference and scope of 
work are as outlined in the Trow proposal dated June 2, 2009, pertaining to this project.  
Culvert # 60 consists of a 1200 diameter by 76.2 m long new liner pipe placed in a 1670 
mm wide by 1830 mm high old concrete box and two new extensions, a 1200 mm 
diameter by 30 m long Corrugated Steel Pipe (CSP) extension at the inlet (west) side and 
a 1200 mm diameter by 13 m long CSP extension at the outlet (east) side.  The new liner 
pipe and extensions were installed in the fall of 2008.  However, a failure occurred in 
November, 2008 on the east (outlet) side which caused a failure of the end section of the 
CSP extension.  It is Trow’s understanding that the north side slope, the slope 
perpendicular to the culvert extension, had failed and resulted in and damage to the pipe.  
The end section of the failed CSP culvert was observed to have an elliptical shape with 
the vertical dimension being greater.  The new CSP at the outlet side was installed in two 
6 to 7 m sections beyond the termination of the concrete box.  Subsequent examination 
indicated that the full section of the CSP extension (13m) was damaged and, therefore,  
must be replaced.  Photographs of the site and damaged pipe are included in Appendix A. 

The site specific geotechnical investigation consisted of test borings, borehole logging, 
and field and laboratory testing. Three boreholes were strategically located aiming to 
identify the location of its surface of rupture and extent of displaced materials (i.e. zones 
of depletion and accumulation). The first boring was placed in the area above the slope 
failure, but beyond its perimeter, to provide comparative data on the stable and unstable 
portions of the slope.  The second boring was located near centre of the main body of the 
slope failure, while the third borehole was drilled in the area below the toe of the slope 
failure.  These two boreholes were located in the area of the landslide main body and its 
toe to explore for the displaced material and underlying stable material.    

The purposes of this subsurface investigation was to obtain sufficient geotechnical data to 
analyze the likely reasons for failure, including the impact of construction approaches, 
and to assess current geotechnical conditions and their influence on repair proposal.  The 
results of the site specific geotechnical investigation are presented in Part 1 Foundation 
Investigation of this report.  Part 2 Design Report includes a background of the site, back-
analyses of failure and guidance regarding stability and any mitigation or control 
measures that would be required during repair/replacement of section(s) of the CSP 
extension. 
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1.2   Site Description and Geological Setting 

1.2.1  Site Description 

Culvert # 60 is located at Station 11+684 on Highway 11, approximately 17 km north of 
the Town of Englehart, and 4.3 km south of the junction of Highways 11 and 112, in the 
District of Timiskaming.  The site plan is shown on Drawing No. 1 in Appendix B.    

Culvert # 60 crosses the highway embankment and conveys collected surface water from 
the valley at the west side of the embankment.  The culvert is skewed to the highway 
embankment, having a SW-NE direction.  As mentioned above, the existing culvert 
consists of a 1200 diameter by 76.2 m long new liner pipe placed in a concrete box 1670 
mm wide by 1830 mm high , and its obvert is at a depth of approximately 8 m below the 
profile grade at the centerline of Highway 11. The liner pipe culvert is extended at both, 
inlet and outlet, sides. The extension at the inlet (west) side is a 1220 mm diameter by 30 
m long Corrugated Steel Pipe (CSP), while a 1200 mm diameter by 13 m long CSP 
extension is placed at the outlet (east) side.  The elevations of the top of the culvert at the 
inlet and outlet ends are about 243.65 m and 239.28 m, respectively.    

The failed section of CSP culvert is located at the outlet (east) side of Culvert # 60.  The 
inlet of the culvert is in place and functioning properly, including manholes and catch 
basins.  The side slopes at the inlet area are similar to, or steeper, than the east outlet side.    

During the field investigation it was observed that the failed CSP culvert area had been 
backfilled/graded with final slopes from the highway embankment and with gentler north 
and south slopes to the outlet ravine.  Some rock fill was apparent on the slopes, and in 
the outlet areas, as can be seen on the photographs in Appendix A.  Sections of the slope 
had been filled/excavated to current conditions. Within the right of way, the site was clear 
of bushes and trees. 

The drainage in the area generally consists of roadside ditches which drain into nearby 
streams.  The drainage from the roadside ditch located south of the outlet CSP extension 
is conveyed from the ditch to the south down to the area of the culvert by a gravel/cobble 
lined ditch, as shown on Photographs 3 and 5 in Appendix A.  A small gully partway up 
the south slope also drained into the area, but it was not connected to the gravel-lined 
downslope ditch.  The roadside ditch to the north drained, unchannelized, into and 
through the north slope material, as shown on Photographs 4 and 6 in Appendix A.  

 1.2.2   Geological Setting 

According to Ontario Geological Survey (OGS) Map 5021, as well as Ontario Geological 
Survey Map 2555 (Quaternary Geology, New Liskeard) and the Ministry of Northern 
Development and Mines Map 2543 (Bedrock Geology of Ontario, East-Central Sheet), 
the site is located in the Neoarchean Group comprised of mainly igneous origin rock.  
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The Englehart area is situated in a physiographic division of the Canadian Shield known 
as the Cobalt Plain.  The overburden soils have been mapped as glaciolacustrine deposits 
consisting of upper massive to lower laminated, rhythmically bedded (also referred to as 
varved) silts and clays with occasional rock knobs. 

1.3 Investigation Procedures  

1.3.1   Field Program 
 
The fieldwork for this investigation was performed between June 15, 2009 and June 22, 
2009.  The fieldwork consisted of drilling three (3) sampled boreholes (BH60-1, BH60-2 
and BH60-3) and installing of two (2) piezometers in BH60-1 and BH60-3. The 
boreholes were strategically located to permit assessment of slopes. The 20.4 m deep 
Borehole BH60-2 was drilled at the east shoulder of the existing highway embankment in 
the area beyond the estimated slope failure perimeter. Borehole BH60-1 was drilled while 
Borehole BH60-3 was drilled near the outlet of the culvert. Boreholes BH60-1 and 
BH60-3 were 10.2 m and 6.7 m deep, respectively.   

Boreholes BH60-1 and BH60-2 were advanced using a Bombardier mounted CME-55 
drill rig, equipped with a hollow stem auger (4-1/4” HAS) and standard soil sampling 
equipment.  They were drilled by Marathon Drilling.  Due to uncertainty in slope stability 
and difficulties to mobilize the drill rig down the slope, Borehole BH60-3 drilled near the 
culvert outlet was advanced by hand drilling/sampling equipment operated by a specialist 
drilling contractor, Sonic Soil Sampling.   

From the drilling program, soil samples were obtained using a 51 mm OD split-spoon 
sampler in conjunction with Standard Penetration Tests at 0.75 m intervals within the 
estimated zone of surface rapture (estimated Elevations between 241 m and 235 m) and 
1.5 m intervals in other zones.  Sampling and testing procedures were in general 
accordance with ASTM D1586. This consists of freely dropping a 63.5 kg hammer a 
vertical distance of 0.76 m to drive a 51 mm diameter OD split-spoon sampler into the 
ground. The number of blows of the hammer required to drive the sampler into the 
relatively undisturbed ground by a vertical distance of 0.30 m is recorded as SPT ‘N’ 
value of the soil and this gives an indication of the consistency or the relative density of 
the soil deposit.  However, the manual hammer used for hand testing was 31.7 kg, one 
half of the standard hammer weight.  As a result, the corresponding blow counts were 
factored by 0.5.   

In addition, selected, undisturbed, 50 mm diameter “Shelby” tube samples were obtained 
in cohesive deposits.  Field vane testing was also completed in the boreholes throughout 
the cohesive soils to measure the in-situ undrained shear strength of the soils.  The field 
vane testing was conducted in accordance with ASTM D2573-08.       
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All fieldwork was supervised by a member of Trow’s engineering staff who directed the 
drilling and sampling operations, logged the factual borehole data in accordance with the 
MTO Soils Classification System for foundation report, and retrieved soil samples for 
subsequent laboratory testing and identification.  All of the recovered soil samples were 
placed in moisture-proof bags and returned to Trow’s Brampton laboratory for additional 
visual, textual and olfactory examination and for selected laboratory testing.   

Following completion of the boreholes, water level measurements were obtained from the 
boreholes in accordance with Ministry of Transportation guidelines. Standpipe 
piezometers were installed in Boreholes BH60-1 and BH60-3 to permit long term 
monitoring of groundwater levels at the site.  Borehole BH60-2 was backfilled with auger 
cuttings and sealed with bentonite pellets. 

Details of the soil strata encountered in the boreholes are included in attached logs in 
Appendix C, and plotted on the profile included in Drawing No. 1 in Appendix B.  The 
locations of the boreholes were determined in the field using Garmin Global Positioning 
Systems (GPS) equipment.  The final geodetic locations and elevations shown on 
Drawing No. 1, Appendix B, are established based on the site survey map provided by D. 
F. Elliott Consulting Engineers Ltd.  

1.3.2 Laboratory Testing 

All samples returned to the laboratory were subjected to detailed visual examination and 
classification. The laboratory testing program included moisture content determination of 
all samples (LS-701) and routine classification testing of approximately 25% of the 
selected soil samples. The routine testing included grain size distribution (LS-702) and 
Atterberg limits (LS-703/704).  In addition, two undisturbed, “Shelby” tube cohesive 
samples were subjected to laboratory unconfined compression tests (ASTM D2166).   

The laboratory test results are provided on the attached borehole logs in Appendix C.  
The results of the grain size analyses and Atterberg limits tests are presented in Appendix 
D. 

1.4  Subsurface Conditions  

The subsurface conditions encountered during the field investigation are summarized on 
the attached borehole logs in Appendix C.  The “Explanation of Terms Used in Report” 
preceding the borehole logs (Appendix C) forms an integral part of and should be read in 
conjunction with this report. 

A borehole location plan and a strata plot of the soils encountered in the boreholes are 
provided on Drawing No.1 in Appendix B.  In general, the stratigraphy along the 
centerline of the slope failure between Boreholes BH60-1 and BH60-2 consisted of sand 
and gravel fill, silty clay fill, silty clay, clayey silt and silty sand. 
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A summary of the soil and groundwater conditions encountered in the boreholes is 
provided below. 

1.4.1  Sand and Gravel Fill   

In BH60-1 and BH60-2 sand and gravel fill was encountered at the ground surface.  The 
thickness of the sand fill was 1.1 m in BH60-2 and 2.3 m in BH60-1.  The composition of 
this layer was sand and gravel matrix with a 0.12 m thick layer of topsoil over (BH60-2).  
This layer was brown in colour, very moist to damp.  Based on the “N” value from the 
Standard Penetration Tests, the compactness of the sand and gravel fill was assessed as 
loose to compact.  

Laboratory testing performed on selected samples consisted of moisture content tests and 
grain size distribution tests.  The test results are as follows: 

Moisture Content:  

• 4.5% to 12.6% 

Grain Size Distribution: 

• 20% gravel; 

• 66% sand; 

• 14% silt and clay 

The results of the moisture content tests are provided on the Record of Borehole sheets in 
Appendix C.  The results of the grain size distribution test on sand and gravel fill are 
provided on Figure 1 in Appendix D. 

1.4.2  Silty Clay and Clayey Silt Fill 

Beneath sand and gravel fill materials, there is a silty clay and clayey silt fill as indicated 
on Boreholes BH60-2 and BH60-1.  The thickness of this fill was 6.5 m at BH60-2.  At 
that location, the layer extended to depth up to 7.6 m, which corresponds to approximate 
Elevation of 238.4 m.   A similar layer was encountered in BH60-1 below the gravel and 
sand fill at elevation of 240.0 m, but it was found to be only 0.8 m thick.  The silty clay 
fill was encountered in BH60-3 at the ground surface. The fill predominately consists of 
silt and clay with a trace of gravel. The surficial material in BH60-3 contains decayed 
wood fragments and rootlets as well. The silty clay and clayey silt fill is grey and very 
moist to wet. Measured SPT “N” values varied from 1 to 5 indicating very soft to firm 
consistency.  Field vane measurements indicated that the undrained shear strength of this 
silty clay fill was about 20 kPa at the elevation of around 242 m, and then it increased 
with depth to a maximum value of about 50 kPa at Elevation 239 m.   Sensitivity, the 
measure of peak shear strength and remolded shear strength, ranged from 1.5 to 3, 
indicating the silty clay fill is low to medium sensitive.     
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Laboratory testing performed on selected samples consisted of moisture content tests.  
The test results are as follows: 

Moisture Content:  

• 24.8% to 32.9% 

The results of the moisture content are provided on the Record of Borehole sheets in 
Appendix C.   
 
1.4.3  Silty Clay 

Beneath the fill materials, a stratum of silty clay was encountered as the principal native 
soil unit in all boreholes (BH60-1, BH60-2 and BH60-3).  The silty clay was encountered 
at a depth of approximately 7.6 m below existing grade (approximate Elevation 238.4 m) 
in BH60-2.  In Boreholes BH60-1 and BH60-3 the silty clay was encountered at a depth 
of approximately 3.1 m (approximate Elevation 239.2 m) and 1.8 m (approximate 
Elevation 237.0 m), respectively.  In BH60-2 the layer was about 9.4 m thick extending 
to a depth of approximately 17 m below ground (approximate Elevation 229 m).  
Boreholes BH60-1 and BH60-3 were terminated in the silty clay stratum at depths of 
approximately 10.2 m (approximate Elevation 232.1 m) and 6.7 m (approximate 
Elevation 232.1 m), respectively. 

Generally, the silty clay was thinly laminated with clayey silt (varved).  The individual 
layers or laminations varied in thickness from a few millimeters to a few centimeters, but 
in general were about one centimeter thick.  The portions of silty clay and clayey silt 
varied also, but in general the clay portion dominated.  The silty clay is grey in colour 
and saturated.   

SPT “N” values within the silty clay encountered in BH60-1 and BH60-2 ranged from 0 
to 9 indicating very soft to stiff material.  SPT “N” values measured in Borehole BH60-3 
were somewhat higher (up to 13), probably due to use of hand equipment for drilling and 
testing, The standard penetration resistance values should not be considered an accurate 
assessment of the consistency of the soil given the varying composition and method of 
drilling.   

Field vane tests and laboratory unconfined compression tests were performed to examine 
undrained shear strengths of silty clay.  All results of the in-situ field vane tests measured 
in all boreholes and unconfined compression tests are plotted on the records of boreholes, 
Appendix C.  In addition, the summary of the results is shown on Figure 5, attached in 
Appendix D.   As it can be seen, the measured values of the undrained shear strength 
ranged from 27 kPa to 55 kPa. Even though the data scattered, it suggests that the 
undrained shear strength profile of native silty clay changes with depth.  Undrained shear 
strengths of around 30 kPa were measured at Elevations between 238 m and 235 m.  
Subsequently the strength increased to about 45 kPa at Elevation 230 m.  The undrained 
shear strengths of the two samples measured in the unconfined compression tests were 
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34.6 kPa (from BH60-2 at Elevation 236.5 m) and 30 kPa (from BH60-3 at Elevation 
233.2 m).  Sensitivity ranged from 1.8 to 2.75, indicating the silty clay is low to medium 
sensitive.   

Laboratory testing performed on selected samples consisted of moisture content, grain 
size distribution, Atterberg Limits and unconfined compression tests.  The test results are 
as follows: 

Moisture Content:  

• 25.4% to 61.3% 

Grain Size Distribution: 

• 0% gravel; 

• 1%  to 2% sand; 

• 37% to 42%silt; and 

• 57% to 62% clay. 

Atterberg Limit: 

• Liquid Limits: 34% to 53% 

• Plastic Limits: 17% to 22%. 

Unconfined Compression: 

• Undrained Shear Strength 30 kPa and 34.6 kPa 

The results of the moisture content, grain size distribution and Atterberg Limits and 
unconfined compression tests are provided on the Record of Borehole sheets in Appendix 
C.  The results of the grain size distribution tests on the silty clay are provided on Figure 
2 in Appendix D.  The results of the Atterberg Limits tests are provided on Figure 4 in 
Appendix D.  The results of two unconfined compression tests are shown on Figure 7, 
Appendix D. 

1.4.4  Clayey Silt 

Clayey silt was encountered underlying the silty clay in Borehole BH60-2.  The clayey 
silt was encountered at a depth of approximately 17 m below ground, corresponding to 
Elevation of approximately 229 m.  The layer was 1.8 m thick and extended to the depth 
of 18.6 m (approximate Elevation 227.4 m).  

The clayey silt is grey and generally wet.  Based on the “N” values obtained from the 
SPT, the consistency of the clayey silt was considered soft.   

Laboratory testing performed on selected samples consisted of moisture content and grain 
size distribution tests.  The test results are as follows: 



Geotechnical Investigation Report 
Englehart Project – HWY 11, Culvert # 60 Extension Replacement and Slope Failure 
Englehart, Ontario 
SD000391349a  

9 

Moisture Content:  

• 26% 

Grain Size Distribution: 

• 0% gravel; 

• 9% sand; 

• 66%silt; and 

• 25% clay. 

The result of the moisture content test are provided on the Record of Borehole sheet in 
Appendix C.  The results of the grain size distribution tests on the clayey silt are provided 
on Figure 3 in Appendix D. 

1.4.5  Silty Sand 

Silty sand was encountered underlying the clayey silt in Borehole BH60-2.  The silty 
sand was encountered at a depth of approximately 18.6 m below ground, corresponding 
to elevation of approximately 227.4 m.  Borehole BH60-2 was terminated in this layer at 
the depth of 20.4 m (approximate Elevation 225.6 m).  

The silty sand generally contained silt and sand, trace gravel, and was generally wet.  
Based on the “N” values obtained from the SPT, the compactness of the silty sand was 
very loose to loose.   

Laboratory testing performed on selected samples consisted of moisture content tests.  
The test results are as follows: 

Moisture Content:  

• 19.7% to 30% 

The results of the moisture content tests are provided on the Record of Borehole sheets in 
Appendix C.   

1.4.6  Groundwater 

Information regarding the groundwater levels at the site was obtained by measuring the 
water levels in the open boreholes after completion of drilling and in the piezometers 
installed in Boreholes BH60-1 and BH60-3.  The measured groundwater levels are shown 
on the borehole logs.  The groundwater levels encountered in the boreholes are also 
shown in table below. 

The difference in groundwater level between boreholes could be due to disturbance in the 
holes at the time of drilling and that the boreholes had not stabilized prior to backfilling.   
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Seasonal variations in the water table should be anticipated, with higher levels occurring 
during wetter periods of the year (such as spring thaw and late fall) and lower levels 
during drier periods.    

Table 1.1.  Groundwater levels recorded at Culvert # 60 

Groundwater Level 
Depth Below Existing Grade (m) 

[Elevation (m)] Borehole Number 

[Top Elevation (m)] 

Date of 
Drilling After 

Completion 06/24/2009 06/25/2009 06/27/2009 

BH60-1* 
[242.3] 06/16/2009 dry 1.8 

[240.5] 
1.8 

[240.5] 
1.8 

[240.5] 
BH60-2 
[246.0] 06/15/2009 7.6 

[238.4] - - - 

BH60-3* 
[238.8] 06/22/2009 4.5 

[234.3] 
2.4 

[236.4] 
1.5 

[237.3] 
1.2 

[237.6] 

 * - piezometer 
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Photograph 1: Culvert # 60 at Station 11+684 (Pacaud Township). 

On east side of Highway 11, looking west.  Culvert outlet and failed CSP pipe. 
 

 
Photograph 2: Culvert # 60 at Station 11+684 (Pacaud Township). 

On east side of Highway 11, looking north-west.  Failed slope. 
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Photograph 3: Culvert # 60 at Station 11+684 (Pacaud Township). 

On east side of Highway 11, looking south.  Culvert outlet and gravel lined ditch. 
 

 
Photograph 4: Culvert # 60 at Station 11+684 (Pacaud Township). 

On east side of Highway 11, looking south-east.  Failed slope and north roadside ditch. 
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Photograph 5: Culvert # 60 at Station 11+684 (Pacaud Township). 

On east side of Highway 11, looking south.  Culvert outlet and gravel lined ditch. 
 

 
Photograph 6: Culvert # 60 at Station 11+684 (Pacaud Township). 

On east side of Highway 11, looking north.  Roadside ditch. 
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grey, wet, soft

SILTY SAND - trace gravel,
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grey, wet, very loose to loose

END OF BOREHOLE

Notes:
1.  Borehole advanced by
hollow-stem augers
2.  This drawing is part of subject
report, project number as
referenced, and must only be
read in conjunction with that
report.
3.  Interpretation assistance by
Trow is required before use by
others.
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Topsoil  ~120mm over
FILL -silty clay,  trace gravel,
occasional decayed wood
fragments and rootlets; organic
stains, brown, damp

-becoming grey and very moist
below 1.5m
SILTY CLAY (CI to CH)- varved
structure,trace wet clayey silt
seams, grey, saturated, firm

END OF BOREHOLE

Notes:
1.  Borehole advanced by hand
drilling/sampling equipment.
2. Standpipe piezometer
installed to 4.88m depth;
bentonite sealed between 0.0m
to 0.91m depth.
3.  This drawing is part of subject
report, project number as
referenced, and must only be
read in conjunction with that
report.
4.  Interpretation assistance by
Trow is required before use by
others.
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