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PART A – FOUNDATION INVESTIGATION 

 

1.0 INTRODUCTION 

 

This report presents the results of a foundation investigation carried out in September 2006 by 

Infrastructure Engineering Group Inc. on behalf of SNC-Lavalin Engineers & Contractors Inc. 

 

The assignment involves the reconstruction/rehabilitation of the pavement structure on Highway 

21 from 0.63 m north of the intersection with Highway 9 (north of Kincardine) northerly to 1.2 

km east of the intersection with Bruce County Road 15 (west junction in the Village of Tiverton) 

for 12.4 km; including pavement rehabilitation/reconstruction throughout, snow drifting/storage 

treatments, structural culvert replacement/rehabilitation, non-structural culvert replacement, 

minor intersection improvements, drainage improvements and minor electrical work. 

 

Foundation investigation and recommendations are required for the design and construction of 

culvert replacements as part of the improvement of Highway 21.  Five (5) structural culverts and 

twenty-four (24) non-structural culverts are to be investigated.  This report covers the site of 

Structure 2-473-C. 

 

The purpose of the investigation was to obtain information about the subsurface conditions at the 

site by means of boreholes and, based on the findings, to provide geotechnical recommendations 

for the foundation elements.  The existing culvert is to be replaced with a new culvert. 

 

Authorization to complete this assignment was given by Mr. Bing Wong, Project Manager, SNC-

Lavalin Engineers and Constructors Inc., the TPM Consultant who is completing this assignment 

for MTO under Agreement # 3005-E-0038.  

 

 

2.0 SITE DESCRIPTION 

 

2.1 Site Location 

 

Structure 2-473-C is located on Highway 21, approximately 7.8 km north of Highway 9, located 

at station 21+366.  Photographs of this culvert site are presented in Appendix D.  The existing 

structure is a reinforced concrete, rigid frame open footing culvert having dimensions of 3.60 m 

wide by 2.55 m high by 20.41 m long, with an overfill height of 2.1 m.  The culvert opening 

dimensions were provided by AGM.  Concrete headwalls exist at both ends of the culvert.  

Brown silt to clayey silt deposit was noted at the streambed.  

 

The culvert site is located within a drainage valley in which the stream flows westward.  The 

approach embankments were built on both the north and south sides of the culvert, with a 

maximum height of approximately 5 m. The embankment slopes are typically 2.5H to 3H:1V 

and are grass covered.  No signs of embankment slope instability were observed at the time of 

this foundation investigation. 
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2.2 Physiography and Topography 

 

The site is located within the Physiographic Region known as the “Huron–slope” (Chapman and 

Putnam, 1984) which occupies the area east of Lake Huron between Sarnia and Tobermory.  The 

area is characterized by a flat topography, heavy textured soil and poor drainage.  The surficial 

deposits consist of brown, calcareous clayey tills, which contain very few cobbles and boulders.  

The tills are known to be underlain by grey stratified clays of lacustrine origin. 

 

The asphalt pavement surface over the existing culvert is near elevation 227.5 m while the 

ground surface at the base of the embankment and in the flood plain is between elevations 222.0 

m and 222.5m. 

 

 

3.0 INVESTIGATION PROCEDURES 

 

3.1 Field Investigation 

 

On September 13 and 14, 2006, a CME 55 drill rig was supplied by London Soil Test Limited 

and used on site for drilling and Standard Penetration Testing (SPT, following the procedures of 

ASTM D 1586).  Three (3) boreholes were drilled and sampled to obtain data for foundation 

design of the proposed replacement culvert.  The locations of the boreholes are shown on 

Drawing 1. 

 

The boreholes were numbered 2-473-C-1 to 2-473-C-3 and the depths of sampling were as 

follows: 

 

Borehole No. Depth of Sampling (m) 

2-473-C-1 8.08 

2-473-C-2 8.08 

2-473-C-3 10.36 

 

The boreholes were drilled using continuous flight solid stem augers.  Soil samples were 

retrieved at selected intervals throughout the depths of the boreholes in conjunction with 

Standard Penetration Tests (SPT).  Samples were generally taken at intervals of depth of 0.75 m 

to the maximum depth of exploration.   

 

Field pocket penetrometer was used on the retrieved SPT samples to determine the undrained 

shear strength of the cohesive soil deposits.  It is noted that the measured shear strength value 

would be slightly lower than the actual value due to sampling disturbance. 
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Seepage and water levels were noted in each borehole during and at the completion of drilling 

and sampling.  All boreholes were grouted with a bentonite/cement mix at completion of 

sampling in accordance with Ontario Regulation 903. 

 

Our field engineer, Mr. Ralph Billings, P. Eng., supervised the fieldwork and worked under the 

direction of the project engineer, Mr. Eric Chung, P. Eng.  Our field staff cleared the location of 

buried utilities and logged the boreholes.  The soil samples obtained were placed in labeled 

containers and transported to IEG’s London laboratory for further examination and laboratory 

testing. 

 

The stations, offsets and ground surface elevations at the as drilled borehole locations were 

surveyed by AGM London and provided to Infrastructure Engineering Group Inc. for the 

purpose of this report. 

 

The results of the drilling, sampling, in-situ testing and groundwater observations are 

summarized on the Record of Borehole sheets and enclosed in Appendix “A”. 

 

3.2 Laboratory Analysis 

 

Geotechnical laboratory testing consisted of natural moisture content determinations and visual 

classifications of all retrieved soil samples.  In addition, grain size analyses, Atterberg Limit tests 

and unit weight tests were performed on selected samples. 

 

The results of the laboratory testing are presented on the Record of Borehole sheets (Appendix 

“A”), and Laboratory Test Results (Figures 1 to 5, Appendix “B”). 

 

 

4.0 SUBSURFACE CONDITIONS 

 

4.1 General Subsurface Conditions 

 

Reference is made to the Record of Borehole sheets (Appendix “A”) and Laboratory Test Results 

(Appendix “B”) for detailed subsurface soil and groundwater conditions encountered in the 

boreholes.  The stratigraphic boundaries shown on the Record of Borehole sheets are inferred 

from non-continuous sampling and, consequently, represent transitions between soil types rather 

than exact planes of geological change.  The soil profiles depicting the subsurface conditions on 

Drawing 1 will vary between and beyond the borehole locations. 

 

In general, the subsurface deposits at the site consist of loose to compact embankment fill placed 

on dense to very dense sand, silt to silt till and/or stiff to hard clayey silt till.     
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4.1.1 Pavement, Fill, Topsoil 

 

Borehole 2-473-C-3, which was located at the east edge of existing pavement in the shoulder 

area, encountered 510 mm shoulder gravel.  Underlying the shoulder gravel is the embankment 

fill material that extended to a depth of 5.18 m (elevation 222.14 m).  The fill beneath the 

shoulder gravel consists of a mixture of gravel, sand, silt and clay with organic inclusions and 

occasional sand and gravel pockets.  

 

At Boreholes 2-473-C-1 and 2-473-C-2, topsoil fill and silty clay fill were contacted to depths of 

0.76 m (elevation 222.69 m) and 0.53 m (elevation 222.54 m) respectively. 
 

Two (2) typical grain size distributions of the embankment fill are shown on Figure 1 of 

Appendix “B”.   

 

Standard penetration tests yielded “N”-values from 5 to 10 blows per 0.3 m.  This fill is brown to 

grey in colour and the measured natural moisture contents range from 6 to 34%.  Based on the 

above field and laboratory test results, together and tactile examination, the fill materials 

exhibited loose to compact compactness condition.  

 

Unit weight of the fill was not determined due to the disturbance of the soil samples during 

sampling and sample retrieval. 

 

4.1.2 Sand, Silt, Silt Till 

 

Sand, sandy silt to silty sand, silt and silt till, were encountered below the embankment fill at 

Borehole 2-473-C-3 and the topsoil and silty clay fill layers at Borehole 2-473-C-1.  These grey 

silt/sand and silt till strata extended to the full depth of the boreholes (i.e., 8.08 m below the 

ground surface at Borehole 2-473-C-1, elevation 215.38 m).   

 

A 2.89 m thick silt to sand and silt layer was sandwiched within the clayey silt and clayey silt fill 

at Borehole 2-473-C-2, beginning at a depth of 2.90 m.  Clayey silt layers were present within 

the silt/sand and the silt till.  Five (5) grain size analyses were performed and the results are 

plotted on Figure 2 of Appendix “B”.   

 

Standard penetration tests yielded “N”-values from 52 to over 100 blows per 0.3 m.  A localized 

low “N”-value of 9 blows per 0.3 m was recorded immediately below the fill at Borehole 2-473-

C-1.  The unit weight was measured to be between 22.9 and 23.5 kN/m
3
.  The natural moisture 

contents were in the range of 11 to 20%.   

 

Two (2) samples were tested and exhibited the following Atterberg Limits.  These results are 

shown in Figure 3 of Appendix “B” and summarized below: 
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Liquid Limit (WL)  14% 

Plastic Limit (WP)  13 to 14% 

Plasticity Index (Ip)  0 to 1% 

 

Based on the above field and laboratory test results, together with visual and tactile examination, 

these fine granular deposits are considered to have dense to very dense compactness condition. 

 

4.1.3 Clayey Silt to Clayey Silt Till  

 

A stratum of grey clayey silt to clayey silt till was contacted below the topsoil fill and 125 mm 

thick sand layer at Borehole 2-473-C-2, and extended to the full depth of the borehole (i.e., 8.08 

below the ground surface at Borehole 2-473-C-2 m, elevation 214.99 m).  A 2.89 m thick silt to 

sand and silt layer was sandwiched within the clayey silt, beginning at a depth of 2.90 m.  Three 

(3) grain size analyses were performed on the clayey silt layers and the results are presented on 

Figure 4 of Appendix “B”.   

 

Standard penetration tests yielded “N”-values from 11 to 88 blows per 0.3 m.  Undrained shear 

strength as determined from field pocket penetrometer yielded results of over 225 kPa.  A single 

unit weight was measured on the clayey silt and yielded a result of 23.5 kN/m
3
.   

 

Three (3) samples were tested and exhibited the following Atterberg Limits.  These results are 

shown in Figure 5 of Appendix “B” and summarized below: 

 

Liquid Limit (WL)  17 to 19%, average at 17.6% 

Plastic Limit (WP)  12 to 14%, average at 12.7% 

Plasticity Index (Ip)  5% 

 

The natural moisture contents were in the range of 12 to 22%.  These results are characteristic of 

clayey soils of low plasticity (CL-ML).  The measured natural moisture contents are generally 

near or below the measured plastic limits and indicate that the deposit is pre-consolidated. 

 

Based on the above field and laboratory test results, together with visual and tactile examination, 

the clayey silt to clayey silt till deposit exhibited generally very stiff to hard consistency, with a 

stiff consistency within the upper 0.6 m of this stratum Borehole 2-473-C-2. 

 

4.2 Groundwater Conditions 

 

The groundwater condition was monitored during and upon completion of sampling.  On 

completion of drilling, groundwater levels were noted in Boreholes 2-473-C-1, 2-473-C-2 and 2-

473-C-3 at depths of 1.2, 0.6 and 5.0 m respectively below ground surface, corresponding to 

elevations 222.25, 222.47 and 222.32 m.  The water entered the boreholes from native saturated 

sand to silty sand layers. 
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The water level in the creek was approximately 0.3m above the creek bottom at the time of the 

investigation and reflected a low flow condition. 

 

It should be noted that the groundwater level will fluctuate seasonally and in response to weather 

events.  Under adverse conditions, water could be perched within the embankment fill and sand 

to silt soils, and on top of the clayey to sandy silt till.  It is reasonable to assume that groundwater 

could be similar to the water level in the creek during high flow conditions. 
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PART B – FOUNDATION DESIGN 

 

5.0 DISCUSSION AND RECOMMENDATIONS  

 

5.1 General 

 

This section of the report provides our recommendations on the geotechnical aspects of 

foundation design of the proposed reconstruction of Structure 2-473-C, based on our 

interpretation of the factual information obtained during this investigation.  It should be noted 

that the interpretation and recommendations are intended for use only by the design engineer.  

Where comments are made on construction, they are provided only to highlight those aspects 

which could affect the design of the project.  Those requiring information on aspects of 

construction should make their own interpretation of the factual information provided as it may 

affect equipment selection, proposed construction method and scheduling. 

 

Structure 2-473-C is located on Highway 21, approximately 7.8 km north of Highway 9, located 

at station 21+366.  The existing structure is a reinforced concrete, rigid frame open footing 

culvert having dimensions of 3.60 m wide by 2.55 m high by 20.41 m long, with an overfill 

height of 2.1 m.  The culvert opening dimensions were provided by AGM.  Concrete headwalls 

exist at both ends of the culvert.  Brown silt to clayey silt deposit was noted at the streambed.  

 

The culvert site is located within a drainage valley in which the stream flows westward.  The 

approach embankments were built on both north and south sides of the culvert, with a maximum 

height of approximately 5 m.  The embankment slopes are typically 2.5H to 3H:1V and are grass 

covered.  No signs of embankment slope instability were observed at the time of this foundation 

investigation 

 

The replacement culvert will consist of either a precast concrete box culvert or a cast-in-place 

box culvert or a rigid frame open-footing culvert. 

 

Alternatively, the replacement culvert could be constructed as a rigid frame, open-footing culvert 

which will be over-built to encompass the existing culvert.  This alternative will allow working 

in the dry and removal of the existing culvert after completion of the new culvert.   

 

It is understood that the replacement culverts will be of similar dimensions as recommended in 

the Drainage and Hydrological Study Report, but lengthened in order to accommodate the 

pavement widening and geometric improvements.   

 

5.2 Closed Box Culvert  

 

The soils encountered at the subject site are considered suitable for the support of a box culvert 

foundation.  Results of all boreholes put down along the proposed culvert alignment indicate that 

the founding subgrade consists of very stiff to hard clayey silt and dense to very dense silty sand 

to sandy silt. 
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The culvert should be designed to CAN/CSA-S6-06 and to withstand the appropriate weight of 

overfill, traffic loadings (CL-625-ONT), temporary construction loads and critical loading effects 

during construction.  If the base slab does not have adequate frost cover/protection, it should be 

designed for frost pressures.  

 

Based on the borehole results, the box culvert should be designed to bear on the native, 

undisturbed silt/sand or clayey silt at the elevation and bearing resistances shown below: 

 

Highest Elevation   

(m) 

Factored Geotechnical 

Resistance at ULS  

(kPa) 

Geotechnical Reaction 

at SLS 

(kPa) 

221.90 800 400 

 

The SLS value given above is based on a maximum settlement of 25mm.  This can be achieved 

provided the founding subgrade is not disturbed during construction. 

 

The groundwater level was near the ground surface at the time of the investigation.  Minor 

dewatering with strategically located sumps and trenches will likely be required to facilitate 

foundation construction. 

 

As per CAN/CSA-S6-06, Clause 1.9.5.6, a cut-off wall of sufficient depth and strength shall be 

provided at the ends of the culvert to prevent undermining.  The depth of the cut-off wall should 

be designed cognizant of the hydraulic condition (CAN/CSA-S6-06, Section 1.9) and the frost 

depth of 1.2 m (OPSD 3090.101). 

 

Foundation preparation for cast-in-place construction should be carried out in accordance with 

Sub-section 902.07.05.02 of OPSS 902 and Sub-section 902.07.02.02 of SSP902S01.  The silt to 

sand and silt subgrade could easily be disturbed under wet conditions.  In this regard, a 50 mm 

thick layer of lean concrete should be placed on the subgrade immediately after subgrade 

preparation to protect its integrity under wet conditions.  

 

A 300 mm thick OPSS Granular “A” bedding and a 75mm thick levelling granular course as per 

OPSS422, or bedding as specified by the precast manufacturer should be placed on the prepared 

subgrade to achieve a uniform support for precast concrete culvert.  The Granular “A” layer 

should be compacted to 98% of the material’s standard Proctor maximum dry density (SPMDD).  

The sand to silt subgrade could easily be disturbed under wet conditions.  Any disturbed 

subgrade material should be removed and replaced with additional compacted bedding material.  

The levelling course should consist of OPSS 1002 fine aggregates (concrete sand), or as 

specified by the precast manufacturer. 
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5.3 Open Footing Culvert  (Spread Footing Foundations) 

 

Based on the borehole results, spread footings may be used for the culvert walls, headwalls 

(wingwalls) and retaining walls, and designed to bear on the undisturbed native silt/sand or 

clayey silt at the elevation and bearing resistances shown below: 

 

Highest Elevation   

(m) 

Factored Geotechnical 

Resistance at ULS  

(kPa) 

Geotechnical Reaction 

at SLS 

(kPa) 

221.90 800 400 

 

The SLS value given above is based on a maximum settlement of 25 mm.  This can be achieved 

provided that the founding subgrade is undisturbed during the construction.   

 

Under inclined loading conditions, the bearing resistance at ULS should be reduced in 

accordance with Clause 6.7.4 of CAN/CSA-S6-06. 

 

Immediately upon excavation, the exposed subgrade should be inspected and approved by the 

geotechnical engineer. 

 

5.4 Lateral Earth Pressures 

 

The lateral earth pressures acting on the culvert walls, headwalls (wing walls) and retaining walls 

will depend on the type and method of placement of the backfill materials and on the subsequent 

lateral movement of the structure whether it is restrained or unrestrained.  The lateral earth 

pressures to be used in the design should be computed in accordance with Section 6.9 of the 

CAN/CSA-S6-06. 

 

Granular backfill should be constructed behind the culvert walls, headwalls (wing walls) and 

retaining walls as per OPSD-3121.150, with particular attention to the frost taper requirement.  

The granular backfill should conform to OPSS 1010 for either Granular “A” or Granular “B” 

Type III.  To maintain free draining characteristics in granular fill materials, the maximum 

percentage passing the No. 200 sieve (75 m) should be limited to 5%. 

 

The backfill should be constructed as per OPSS 902 and 501, and SSP902S01.  A perforated 

subdrain should be installed behind the walls with a positive outlet or wall drains as per OPSD-

3190.100 to drain the granular fill above the stream water level.  Alternatively, the culvert walls 

could be designed to resist hydrostatic pressure. 

 

The lateral earth pressure, Ph, acting on the headwalls (wing walls) or retaining walls may be 

computed using the equivalent fluid pressures presented in Clause 6.9.2.3 of the CAN/CSA-S6-

06, or employing the following equation based on unfactored earth pressure distributions: 
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Ph  =  K  ( h + q) 

Where: 

K = earth pressure coefficient, use value from table below 

 = unit weight of soil,  = 21.2 kN/m
3
 for Granular “B” 

      = 22.8 kN/m
3
 for Granular “A” 

h = depth below top of wall, m 

q = live load surcharge pressure, equivalent fill height of 0.8 m  

  as per Clause 6.9.5 of CHBDC and CAN/CSA-S6-06 

 

Wall Type Earth Pressure Coefficient (K) 

Granular “A” 

 = 35
o 

Granular “B” 

 = 30 to 35
o
 

Restrained Wall  (Ko) 0.43 0.50 to 0.43 

Unrestrained Wall (Ka) 0.27 0.33 to 0.27 

 

The submerged unit weight of the backfill should be used for any submerged portion of the 

granular backfill when calculating the lateral earth pressure. 

 

The above parameters are based on a horizontal back slope (not exceeding 5 degrees) behind the 

headwalls.  A compaction surcharge equal to 12 kPa should be included in the lateral earth 

pressures for the structural design of the headwalls and retaining walls in accordance with Clause 

6.9.3 of the CAN/CSA-S6-06. 

The sliding resistance of the cast-in-place footings should be checked.  The unfactored horizontal 

resistance (Clause 6.7.5, CAN/CSA-S6-06) against sliding between concrete and undisturbed, 

competent clayey silt founding soil can be calculated using an adhesion of 50 kPa.  Alternatively, 

a coefficient of friction (friction factor) of 0.4 to 0.5 may be used for concrete on stiff to hard 

clayey silt as per Table 24.4 CFEM 4
th

 Edition, 2006. 

As silty sand to sandy silt will also form part of the founding subgrade, the unfactored horizontal 

resistance can be calculated using an angle of friction of 24 degrees or a friction factor of 0.45.  

The lower factored horizontal resistance should be used in the design.  For precast concrete 

culvert, the friction factor and adhesion should be reduced by a factor of 0.67. 

 

Vibratory equipment for use behind the culvert walls, headwalls (wing walls) and retaining walls 

should be restricted in size as per current MTO practices, and should conform to OPSS 501 and 

SSP105S10. 

 

5.5 Embankment Widening  

 

The existing approach embankments are up to 5 m high adjacent to the proposed culvert.  For the 

widening of the embankment, the surficial topsoil and any deleterious materials should be 

stripped or excavated prior to placing fill materials.  The embankment widening should then be 
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constructed as per OPSD-202.010, 202.030 and 208.010, with emphasis on adequate benching of 

the subgrade for receiving the embankment fill.  The fill to be used for embankment construction 

can either be imported silty clay or granular materials.  Backfill adjacent to the structure should 

be carried out in conformance with OPSS 902, SSP902S01 and OPSD-3121.150, and the fill 

should be placed and compacted in accordance with OPSS 501 and SSP105S10. 

 

Based on the findings of the field investigation, no foundation stability or settlement problems 

due to widening the approach embankments on the inorganic native soils are anticipated for 

embankment slope of 2.5H:1V and up to 5 m high.  The fill placement should begin at the toe of 

the embankment, in leveled lifts and each lift compacted to at least 98% SPMDD.  Benching into 

the existing embankment slope at 1 m high steps is recommended as per OPSD 208.010.  

 

After stripping, the exposed subgrade should be inspected and approved by the geotechnical 

engineer.  The approved subgrade should then be proof-rolled using a heavy compactor, as 

directed by the engineer.  Unless the excavation is carried out in wet weather conditions, no 

unusual dewatering is anticipated during stripping and preparation of the subgrade to receive the 

embankment fills.  Where necessary, dewatering using gravity drainage and pumping from open 

filtered sumps in accordance with OPSS 517 and 902, and SSP902S01, with emphasis on the 

requirements of OPSS 518.  

 

Measures should be incorporated into the design and staging to ensure that the slope surfaces are 

protected from surface erosion in accordance with the requirements of OPSS 577.  Proper 

erosion control measures should be implemented both during construction of the embankment 

fills and permanently.  Erosion control during construction should be carried out by installing silt 

fences.  Properly designed erosion control blankets could also be placed on any new 

embankments and adjacent disturbed embankments after completion of fill placement.  A 

vegetative cover should be established as soon as practical upon completion of fill placement to 

minimize the chances of surface erosion.    

 

Revetments such as rip-rap blanket should be provided at the toe of the slope and the ends of the 

culvert to prevent erosion/scour by stream action in accordance with OPSS 511 and OPSD 

810.010.  The design of the rip-rap blanket should be carried out cognizant of the stream 

hydraulics. 

 

5.6 Excavation, Groundwater Control and Temporary Shoring 

 

Excavation for this project will involve the construction of the box culvert or footings for the 

culvert walls, headwalls (wing walls) and retaining walls.  Depending on the design that is 

finally selected, the anticipated maximum depth of excavation below the existing grade of 

Highway 21 is between 5 and 6.5 m. 

 

Excavation to depths of up to 6.5 m should not present any special difficulties using heavy 

excavation equipment, provided it is constructed in accordance with OPSS 501, 517, 518, 539, 

577 and 902, SSP902S01 and OPSD-803.010 and 3121.150.  However, the buried utilities 
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alongside the embankments will likely be in conflict with the excavation.  Excavation and 

protection procedures shall conform to OPSS 539 and should be reviewed with the utility 

companies or authorities prior to construction.  Based on the subsurface soil and groundwater 

conditions encountered at this site, a Permit to Take Water (PTTW) in accordance with Ontario 

Regulation 387/04 will not be required for the purpose of excavation. 

 

The water in the stream can be controlled by temporary diversion or dam and pump method.  

Saturated sand (Borehole 2-473-C-1) and silty sand to sandy silt (Borehole 2-473-C-3) will be 

encountered during excavation, and groundwater control will be required to handle surface 

runoff and minor seepage.  The minor groundwater ingress can be controlled using intercept 

ditches and pumping from filtered sump pits. 

 

It is noted that a “Permit To Take Water” (PTTW, Regulation 387/04) will be required from the 

MOE (Ministry of Environment) when the total quantity of water to be handled exceeds 50,000 

litres/day while employing temporary pumping of water, flow passages through culverts, stream 

diversion or dam and pump method as groundwater control measures (unwatering).  It may take 

up to 90 days for MOE to review an application and issue a permit.  

 

It should be pointed out that if the founding soil is disturbed, excessive settlements could occur 

after structural loads are applied.  The founding level will be located below the streambed and, 

therefore, a minimum 50 mm thick lean concrete working mat should be placed immediately 

after excavation and subgrade preparation for footings to protect the integrity of the bearing 

surface and to facilitate placement of reinforcing steel.  All foundation excavations, bearing 

surfaces, and placement of lean concrete mat should be inspected and approved by the 

geotechnical engineer.   

 

All excavation must be carried out in compliance with the requirements of the Occupational 

Health and Safety Act (OHSA).  For this purpose, the unsaturated upper fill and loose to compact 

sandy soils encountered at this site are classified as Type 3 soils and the very stiff to hard clayey 

silt soils are classified as Type 2 soils.  Saturated cohesionless soils are classified as Type 4 soils. 

 

For the Type 2 soils, the excavation shall be cut to near vertical in the bottom 1.2 m and then 

trimmed back to 1H:1V.  Within the Type 3 soils and above the water table, the excavation shall 

be cut to no steeper than 1H : 1V throughout.  Side slopes of 3H:1V or flatter shall be used for 

excavation within Type 4 soils. 

 

Temporary support within the overfill of the existing and the new partially constructed may be 

required to facilitate culvert construction and to maintain access for construction and local 

traffic, and emergency vehicles.  The staging of different phases of this work should be 

examined to determine if roadway protection is required.  Roadway protection is generally a 

contractor design/build item in accordance with OPSS 539, SP105S19 and current MTO 

practices. 
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5.7 Frost Protection 

 

This project is located in the Owen Sound Operations District.  The design frost penetration 

depth for this project is 1.2 m in accordance with OPSD 3090.101.  All foundations and spread 

footings should be provided with at least 1.2 m of soil cover for adequate frost protection.  

Alternatively, frost protection can be provided by equivalent thermal insulation. 

 

5.8 Scour Depth 

 

The footings should be founded below the anticipated local and general scour depths as per 

CAN/CSA-S6-06, Clause 1.9, Hydraulic Design; and CHBDC (2006) - Section 1.9.  Fine sand, 

silt and clayey silt could be exposed at the streambed, and their permissible velocities are 0.6 

m/s, 0.8 m/s and 1.5 m/s respectively (based on American Society of Civil Engineers publication, 

1926, reprinted as Design Chart 2.17, MTO Drainage Management Manual 1997). 
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Explanation of Terms Used in Report 

 

Record of Borehole Sheet 

 

Boreholes 2-473-C1 to 2-473-C3 
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Appendix B 

 

Laboratory Test Results 

     

 Grain Size Distribution   Figures 1, 2 and 4 

 

 Plasticity Chart   Figures 3 and 5 
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APPENDIX C 

 

                                                                                                                                                         

 

LIMITATIONS OF REPORT 
 

 

The conclusions and recommendations given in this report are based on information determined at the 

testhole locations. Subsurface and groundwater conditions between and beyond the testholes may differ 

from those encountered at  the testhole locations, and conditions may become apparent during 

construction which could not be detected or anticipated at the time of the site investigation.  It is 

recommended practice that the Soils Engineer be retained during construction to confirm that the 

subsurface conditions throughout the site do not deviate materially from those encountered in the 

testholes. 

 

The comments made in this report on potential construction problems and possible methods are intended 

only for the guidance of the designer. The number of testholes may not be sufficient to determine all the 

factors that may affect construction methods and costs.  For example, the thickness of surficial topsoil or 

fill layers may vary markedly and unpredictably.  The contractors bidding on this project or undertaking 

the construction should, therefore, make their own interpretation of the factual information presented and 

draw their own conclusion as to how the subsurface conditions may affect their work. 

 

The benchmark and elevations mentioned in this report were obtained strictly for use in the geotechnical 

design of the project and by this office only, and should not be used by any other parties for any other 

purposes. 

 

Any use which a third party makes of this report, or any reliance on or decisions to be made based on it, 

are the responsibility of such third parties.  Infrastructure Engineering Group Inc. accepts no 

responsibility for damages, if any, suffered by any third party as a result of decisions made or actions 

based on this report. 

 

This report does not reflect the environmental issues or concerns unless otherwise stated in the report.   

 

The design recommendations given in this report are applicable only to the project described in the text 

and then only if constructed substantially in accordance with the details stated in this report.  Since all 

details of the design may not be known, IEG recommends that we be retained during the final design 

stage to verify that the design is consistent with our recommendations, and that assumptions made in our 

analysis are valid. 
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Site Photographs 

 



 Culvert 2-473-C, General view

 Culvert 2-473-C, Inlet



 Culvert 2-473-C, Outlet




