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PRELIMINARY 
FOUNDATION INVESTIGATION AND DESIGN REPORT 

PROPOSED TWINNING AND NORTH APPROACH EMBANKMENT 
HIGHWAY 62 NORRIS WHITNEY BRIDGE EA 

BELLVILLE, ONTARIO 
SITE No. 28-28 

G.W.P. 4194-15-00 
 
 

GEOCRES Number: 31C-308 
 
 

PART 1: FACTUAL INFORMATION 

 

1 INTRODUCTION 

This report presents a summary of the factual findings from a preliminary foundation 

investigation carried out at the proposed north approach embankment for bridge twinning by 

Thurber Engineering Ltd. for the existing Norris Whitney Bridge on Highway 62 in the 

Geographic Township of Ameliasburgh – Municipality of Belleville and Prince Edward 

County, Ontario.  

The purpose of the investigation was to explore the subsurface conditions at selected 

locations at the north approach which will be located in a landfill area and, based on the 

data obtained, provide a borehole location plan, records of boreholes, stratigraphic profiles, 

and a written description of the subsurface conditions.  A model of the subsurface conditions 

was developed to describe the geotechnical conditions influencing the preliminary design of 

the north approach embankments.  No boreholes were advanced for the proposed bridge 

twinning.  Preliminary foundation recommendations for the twinning bridge are included 

based on archived subsurface data.   

Thurber was retained by WSP to carry out this foundation investigation under the Ministry of 

Transportation Ontario (MTO) Assignment Number 4015-E-0036. The entire project includes 

preliminary design for Highway 401 widening from Wallbridge-Loyalist Road Interchange 

easterly to approximately 5 km east of Highway 62 interchange, replacement and 

rehabilitation of several structures within this section of highway, and preliminary design for 
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a new Highway 62 Norris Whitney twin bridge and structural rehabilitation of the existing 

bridge. 

There is no Geocres information directly related to the north approach area.  In preparation 

of this report, reference has been made to information on subsurface conditions 

summarized in a memorandum prepared by Thurber for the rehabilitation of the existing 

bridge. This document includes foundation references and archive design drawings, and its 

title is as follows: 

• Technical Memorandum titled “Preliminary Foundation Investigation and Design, 

Norris Whitney Bridge Rehabilitation (Site 28-28)”, prepared by Thurber, File 19-

4406-20, dated April 15, 2016 (Reference 1).  This document is included in Appendix 

H. 

 

2 SITE DESCRIPTION 

The Norris Whitney Bridge carries Highway 62 over the Bay of Quinte between Belleville at 

the north end and the hamlet of Rossmore at the south end.  The RFP information indicates 

that the existing bridge was constructed in 1982 and consists of an 11-span steel plate I-

girder bridge with a total length of 881 m (58 m + 9 x 85 m + 58 m).  The bridge has an 

overall deck width of 12 m and accommodates two lanes of traffic and a pedestrian 

sidewalk. 

The natural terrain in the vicinity of the bridge is generally flat.  It is understood that Zwick’s 

island, located at the north end of the bridge on the Bay of Quinte, is the location of a closed 

landfill site which was operational in the 1950’s and 60’s. A dyking system was reportedly 

used to construct the landfill with dykes built out into the bay and refuse deposited behind 

the dykes. The landfill closed in 1971 and converted to parkland owned and operated by the 

City of Belleville. 

Visual observation at the site and cross-sections provided by WSP indicate the presence of 

a berm at the east-facing slope of the existing north approach embankment.  There is no 

available documentation of the presence and purpose of this berm.  

It is understood that the new twinning bridge, which will carry the NBL, is to be located to the 

north of the existing bridge.  Given the configuration of the shoreline and in order to 
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minimize encroachment onto the landfill area, an additional bridge span is proposed such 

that the north approach and abutment would be closer to the northerly limits of the landfill.  

The actual limits of the landfill are unknown.  Selected site photographs are included in 

Appendix D.  

The project area is situated within the physiographic region known as the Napanee Plain.  

The Napanee Plain is characterized by a thin veneer of glacial till underlain at relatively 

shallow depths by limestone bedrock of the Simcoe Group.  Thick glacial sediments are 

present in the deep river and stream valleys in the region. There are a few scattered 

drumlins in this area. 

3 SUBSURFACE CONDITIONS 

A previous site investigation was conducted by MTO in 1977 for the proposed construction 

of the existing high level bridge.  A summary of the subsurface conditions previously 

established is included in Reference 1 in Appendix H. 

The current investigation, consisting of a preliminary site investigation for the proposed NBL 

north approach embankment, was completed between November 16 and 17, 2020.  A total 

of 3 boreholes (NW20-01 to NW20-03) were advanced to depths ranging from 8.5 m to 13.4 

m during the investigation. Bedrock coring was completed in Borehole NW20-01 located 

near the proposed north abutment to confirm bedrock. The approximate locations of the 

completed boreholes are shown on the attached Borehole Locations and Soil Strata 

Drawing in Appendix E.  The coordinates and elevations of the boreholes are provided on 

the individual Record of Borehole Sheets in Appendix A.  

Prior to commencing the site investigation, utility clearances were obtained for all borehole 

locations.  

A track-mounted CME55 drill rig was used in conjunction with hollow-stem augers with an 

outside diameter of 108 mm (4-1/4-inch) and NQ (47.6 mm inside diameter) coring to 

advance the boreholes through the overburden and bedrock, respectively. In general, soil 

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

conjunction with the Standard Penetration Testing (SPT) in general accordance with ASTM 

D1586.  An MTO ‘N’ size vane was used to carry out in-situ vane shear tests at selected 
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locations in the silty clay.  Thin-walled Shelby tube samples of the cohesive soils were also 

recovered where appropriate.      

The drilling, sampling and in-situ testing operations were supervised on a full-time basis by a 

member of Thurber’s technical staff. The supervisor logged the boreholes and processed 

the recovered soil and rock samples for transport to Thurber’s laboratory for further 

examination and testing.  Results of field drilling and sampling are presented on the Record 

of Borehole sheets in Appendix A. 

Groundwater levels were observed in the open boreholes during drilling operations and 

measured in standpipe piezometers installed in Boreholes NW20-01 and NW20-02. The 

piezometers consisted of 19 mm and 50 mm diameter Schedule 40 PVC pipes with 3.0 m 

long slotted screens enclosed in a column of filter sand.  All boreholes without standpipe 

piezometer were backfilled upon completion of drilling in general accordance with O.Reg. 

903. Once the final readings are taken, the two piezometers installed at the site will be 

decommissioned in general accordance with O.Reg. 903. 

WSP surveyed the as-drilled boreholes in the field and provided Thurber with the borehole 

coordinates and ground surface elevations.  It is understood that the horizontal and vertical 

accuracy of the survey results meet the MTO terms of reference requirements of 0.5 m and 

0.1m, respectively.   

4 LABORATORY TESTING 

The recovered soil samples were subjected to Visual Identification (VI) and to natural 

moisture content determination. Selected soil samples were also subjected to grain size 

analysis and Atterberg Limits testing. All the laboratory tests were carried out in accordance 

with MTO and/or ASTM Standards, as appropriate. The results of the laboratory testing are 

summarized on the Record of Borehole sheets and figures in Appendices A and B. 

Bedrock core samples were subjected to geological logging.  Point load tests were carried 

out on selected samples of intact limestone upon arrival at the laboratory to assist in 

evaluation of the compressive strength of the bedrock.  Detailed results of point load tests 

on the selected rock core samples are included in Appendix B and results summarized on 

the Record of Borehole sheets in Appendix A.   Rock core photos are presented in Appendix 

C. 
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5 DESCRIPTION OF SUBSURFACE CONDITIONS 

Details of the encountered soil and rock stratigraphy are presented on the Record of 

Borehole sheets included in Appendix A, and on the Borehole Locations and Soil Strata 

drawings in Appendix E.  A general description of the stratigraphy is given in the following 

paragraphs. However, the factual data presented in the Record of Borehole Sheets governs 

any interpretation of the site conditions. It must be recognized and anticipated that 

subsurface conditions may vary between and beyond the borehole locations.   

In general, the subsurface stratigraphy encountered in the boreholes typically consisted of 

compact to dense cohesionless sand and gravel fill and stiff to very stiff silty clay fill 

overlying native stiff silty clay and hard silty clay till. The cohesive soils are underlain by 

limestone bedrock at about 9 m to 10 m depth.  Deleterious materials including decayed 

wood fibres, rubber pieces, charcoal fragments, debris/brick pieces, and metal fragments 

were noted within the fill.  

A detailed description of the subsurface conditions is presented in the following sections.  

5.1 Topsoil 

Topsoil was encountered at ground surface in Boreholes NW20-02 and NW20-03. The 

measured thickness of the topsoil ranged from 100 mm to 150 mm. 

 
The topsoil thickness may vary between and beyond the borehole locations, and the data is 

not intended for the purpose of estimating quantities. 

5.2 Asphalt 

Asphalt was encountered at ground surface in Borehole NW20-01, which was advanced 

through the existing pathway east of the highway. The measured thickness of the asphalt 

was 75 mm.  

5.3 Fill 

Granular fill consisting of gravelly sand to sand and gravel containing crushed gravel was 

encountered underlying the asphalt in Borehole NW20-01 and underlying topsoil in Borehole 

NW20-02.  A layer of sandy silt fill was encountered underlying topsoil in Borehole NW20-

03.  Occasional roots and rootlets, decayed wood fibres, rubber pieces, occasional boulder 
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fragments, metal and charcoal fragments, debris and brick pieces were noted within the 

granular fill. Occasional roots and rootlets were noted within the sandy silt fill.  These 

inclusions in the fill likely represent part of the refuse dump.  Hydrocarbon odour was noted 

below 1.8 m depth in Borehole NW20-01. 

The thickness of the granular fill ranged from 1.7 m to 4.5 m and this fill extended to depths 

between 4.6 m and 6.1 m below ground surface (Elevations 72.3 to 70.8).  The sandy silt fill 

was approximately 1.2 m thick and its base was located at 1.4 m depth (Elev. 75.5 m). 

The SPT-N values recorded in the granular fill ranged from 10 blows per 0.3 m of 

penetration to 50 blows per 0.125 m of penetration indicating compact to very dense 

conditions. The SPT-N values recorded in the sandy silt fill ranged from 13 to 15 blows per 

0.3 m of penetration indicating a compact state.  Measured moisture contents in the granular 

fill ranged from 2 percent to 38 percent.  The high values are associated with fill with higher 

organic content. 

Silty clay fill was encountered underlying the gravelly sand fill in Borehole NW20-01 and 

underlying the sandy silt fill in Borehole NW20-03. Occasional crushed gravel pieces, metal 

fragments, brick pieces and hydrocarbon odour were noted within the silty clay fill. The silty 

clay fill ranged from 1.2 m to 3.2 m in thickness and the base of this fill was encountered at 

depths between 3.0 m and 4.6 m (Elevations 73.9 and 72.3).   

The SPT-N values recorded in the silty clay fill ranged from 9 to 36 blows per 0.3 m of 

penetration indicating a stiff to hard consistency.  The moisture contents of the clayey fill 

ranged from 10 to 42 percent, with the higher values associated with high organic contents. 

Organic contents measured from selected fill samples between 1 m and 4 m depths ranged 

from 11 percent to a high of 63 percent. 

The results of grain size distribution analyses carried out on selected samples of the 

granular and cohesive fill are presented on the Record of Borehole Sheets and Figures B1 

and B2 in Appendix B. The results of the grain size distribution analyses are summarized 

below: 
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Soil Particle 

Percentage (%) 

Gravelly Sand to 
Sand and Gravel Fill 

Silty Clay Fill 

Gravel 27 to 52 9 

Sand 44 to 45  44 

Silt 20 
4 

35 

Clay 8 12 

5.4 Silty Clay 

A native deposit of brown to grey silty clay containing trace sand was encountered 

underlying the granular fill in Boreholes NW20-01 and NW20-02, and underlying the silty 

clay fill in Borehole NW 20-03. The thickness of the silty clay ranged from 1.3 m to 4.5 m 

and appeared to be decreasing towards the north. The base of the deposit extended to 

depths from 5.9 m to 10.4 m below ground surface (Elevations 71.0 to 66.5). 

The SPT-N values recorded in the silty clay ranged from 5 to 24 blows per 0.3 m of 

penetration. In general, higher SPT-N values were measured near the top of the deposit, 

indicative of a crust. The lower ‘N’ values indicated the presence of firm zones within this 

deposit.  Undrained shear strengths measured by field vane shear tests in the clay ranged 

from 55 to 105 kPa indicating a stiff to very stiff consistency.  Two thin-walled Shelby tube 

samples were recovered near the bottom of the silty clay in Boreholes NW20-01 and NW20-

02. 

The moisture contents of the silty clay ranged from 30 percent to 70 percent. 

The results of grain size distribution analyses carried out on selected samples of the silty 

clay are presented on the Record of Borehole Sheets and Figure B3 in Appendix B. The 

results of the grain size distribution analyses are summarized below: 

Soil Particle Percentage (%) 

Gravel 0 

Sand 2 to 10 

Silt 23 to 33 

Clay 65 to 74 
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The results of Atterberg Limits tests carried out on selected samples of the silty clay are 

presented on the Record of Borehole Sheets and Figure B5 in Appendix B and are 

summarized below: 

Soil Property Percentage (%) 

Liquid Limit 56 to 68 

Plastic Limit 21 to 36 

Plasticity Index 31 to 35 

 

The results of the Atterberg Limit tests indicate that the silty clay has high plasticity (group 

symbol of CH).  

5.5 Silty Clay Till 

A deposit of brown to grey silty clay till was encountered underlying the silty clay in Borehole 

NW20-03 at a depth of 5.9 m. The till was sandy and contained trace gravel, with occasional 

inferred cobbles and boulders. Borehole NW20-03 was terminated within this deposit upon 

auger refusal at a depth of 8.5 m (Elevation 68.4).  

The SPT-N values recorded in the till ranged from 30 to 33 blows per 0.3 m of penetration 

indicating a hard consistency.  The moisture contents of the silty clay till ranged from 10 to 

12 percent. 

The results of a grain size distribution analysis carried out on a sample of the silty clay till 

are presented on the Record of Borehole Sheets and Figure B4 in Appendix B. The results 

of the grain size distribution analysis are summarized below: 

Soil Particle Percentage (%) 

Gravel 4 

Sand 16 

Silt 58 

Clay 22 

 

The results of an Atterberg Limits test carried out on a sample of the silty clay till are 

presented on the Record of Borehole Sheets and Figure B6 in Appendix B, and are 

summarized below: 
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Soil Property Percentage (%) 

Liquid Limit 28 

Plastic Limit 14 

Plasticity Index 14 

 

The results of the Atterberg Limit tests indicate that the silty clay till has low plasticity (CL).  

5.6 Limestone Bedrock 

The soils described above were found to be underlain by bedrock in Borehole NW20-01 

consisting of limestone with shale interbeds of the Simcoe Group.  Limestone bedrock was 

proved by coring in Borehole NW20-01 underlying the native silty clay deposit at a depth of 

10.4 m (Elevation 66.5).  Both Boreholes NW20-02 and 20-03 were terminated upon auger 

refusal that can be interpreted as probable bedrock at depths of 9.1 m to 8.5 m (Elevations 

67.0 to 68.4). 

This limestone is typically fossiliferous, argillaceous and laminated, and varies from medium 

to thickly bedded. The recovered rock cores are grey to dark grey in colour and described as 

horizontally bedded and moderately weathered.  The rock cores contain frequent shale 

interbeds typically ranging between 10 mm and 60 mm in thickness.  Rock core photos are 

presented in Appendix C. 

The Total Core Recovery (TCR) and Solid Core Recovery (SCR) in the core runs was 100 

percent, while the Rock Quality Designation (RQD) values ranged from 82 percent to 97 

percent indicating that the rock is of good to excellent quality.  The Fracture Index (FI) of the 

rock, expressed as number of fractures per 0.3 m of core, ranged from 0 to 3.  

Unconfined compressive strengths (UCS) interpreted from point load tests conducted on 

selected rock cores typically varied from 69 MPa to 138 MPa.  The UCS of the rock, 

determined from two laboratory unconfined compression tests, ranged from 105 MPa to 123 

MPa.  The combined results indicate a generally strong to very strong rock. A point load test 

conducted on a rock core sample in Borehole NW20-01 correlated to a strength of 33 MPa, 

indicating a medium strong zone.  Results of the point load tests are included in Appendix B.   
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5.7 Groundwater Conditions 

The water levels measured in the open boreholes and standpipe piezometers installed 

during the investigation are summarized in Table 5.2 below. 

Table 5.2 -  Piezometer Details and Groundwater Levels  

Borehole Measurement Date 
Water Level (m) Notes 

Depth Elevation 

NW 20-01 November 18, 2020 2.4 74.5 Piezometer 

NW 20-02 
November 17, 2020 
November 18, 2020 

1.8 
1.6 

74.3 
74.5 

 Piezometer 

NW 20-03 November 17, 2020 2.3 74.6 Open Borehole 

 

The above groundwater levels represent short term readings and seasonal fluctuations of 

the groundwater level are to be expected. The technical memorandum (Reference 1) quoted 

that the water level at the nearby Bay of Quinte was at Elevation 74.9 at the time of the 

original 1977 site investigation for the existing bridge.  It is anticipated that the groundwater 

level in the north approach area would be governed by the bay water level, and that the 

groundwater level may be at higher elevations after spring snowmelt or periods of heavy 

rainfall.  

 

6 MISCELLANEOUS 

The boreholes were drilled using a track-mounted CME 55 drill rig. George Downing Estate 

Drilling Ltd. of Hawkesbury, Ontario supplied and operated the drilling and sampling 

equipment for the field program. 

Full time supervision of the field activities, including obtaining utility clearances, was carried 

out by Thurber Engineering. Overall supervision of the field program was performed by Ms. 

Rocio Reyna, P.Eng. of Thurber. 

Interpretation of the field data and preparation of the report was performed by Mr. Geoff Lay, 

P.Eng. and Mr. Keli Shi, P.Eng. The report was reviewed by Dr. P.K. Chatterji, P.Eng., a 

Designated Principal Contact for MTO Foundations Projects. 
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 PRELIMINARY 
FOUNDATION INVESTIGATION AND DESIGN REPORT 

PROPOSED TWINNING AND NORTH APPROACH EMBANKMENT 
HIGHWAY 62 NORRIS WHITNEY BRIDGE EA 

BELLVILLE, ONTARIO 
SITE No. 28-28 

G.W.P. 4194-15-00 
 
 

GEOCRES Number: 31C-308 
 
 

PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS 
 

7 GENERAL 

This report presents interpretation of the geotechnical data in the factual report and presents 

preliminary geotechnical recommendations in support of the design of the proposed 

northbound lane (NBL) north approach embankment.  Preliminary discussions on foundation 

design of the twinning bridge are also included. 

Based on the plan and cross-section drawings, up to 5.3 m of fill will be placed for the new 

NBL approach embankment. The new fill will be placed along the east side of the existing 

north approach embankment from approximately 85 m north to 240 m north of the existing 

north abutment, decreasing in height towards the north.  It is understood that this north 

approach embankment will be constructed within the area of an old landfill.  

The recommendations provided in this memo are based on the embankment cross-sections 

provided by WSP dated November 18, 2020, and on the factual data obtained during the 

course of this investigation. The recommendations are for preliminary design purposes only.   

8 NORTH APPROACH FILL STABILITY ANALYSIS 

Slope stability analyses were performed to assess the global stability of the proposed high 

fills at the critical embankment section at Station 21+250 along the proposed north approach 

for the twinning bridge. The stability analyses were carried out using the commercially 

available software Slope/W, developed by GEO-SLOPE International Ltd., employing the 
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Morgenstern-Price method. Target minimum factors of safety of 1.3 and 1.5 are adopted for 

short-term and long-term conditions, respectively. 

The results of the slope stability analyses are presented in Appendix F and summarized 

below.  

Station 
Fill Height 

(m) 
Slope 

Inclination 
Fill Material 

Loading 
Condition 

Factor of 
Safety 

Figure 
No. 

21+250 5.3  

2H : 1V 
Compacted 

Granular A or 
B Type II 

Short-Term 1.4 1 

2H : 1V 
Compacted 

Granular A or 
B Type II 

Long-term 1.5 2 

2H : 1V 
Compacted 

Earth Fill 
Short-Term 1.4 3 

2H : 1V 
Compacted 

Earth Fill 
Long-term 1.4 4 

2.25H : 1V 
Compacted 

Earth Fill 
Short-Term 1.5 5 

2.25H :1 V 
Compacted 

Earth Fill 
Long-term 1.6 6 

 

Based on the results of the analysis, the following preliminary recommendations are 

provided for the new fill: 

• Slope inclinations not steeper than 2 horizontal to 1 vertical (2H : 1V) may be used 

for the embankments up to 5.3 m in height and constructed with compacted OPSS 

Granular A or B Type II.  

• Slope inclinations not steeper than 2.25 horizontal to 1 vertical (2.25H : 1V) may be 

used for the embankments up to 5.3 m in height and constructed with compacted 

inorganic earth fill that is free of high plastic clay.  

9 NORTH APPROACH FILL SETTLEMENT ASSESSMENT 

Settlement analyses for the new north approach fill embankment were carried out to 

estimate the magnitude of settlement of the foundation soils anticipated during construction 

and post-construction (long-term) under the weight of the new fill materials.  The settlement 
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analyses were performed using the commercially available software Settle3D (Version 3) 

developed by Rocscience Inc. 

The currently applicable MTO embankment settlement criteria for design (July 2010) 

stipulates that acceptable post-construction settlements are as follows:  

● 25 mm for the first 20 m behind the new abutments,  

● 50 mm between 20 m and 50 m behind the new abutments,  

● 75 mm between 50 m and 75 m behind the new abutments,  

● 100 mm for greater than 75 m behind the abutments.   

The results of the settlement analysis are presented in Appendix G.  The estimated 

settlements consist of two components as follows: 

● Settlement of the existing fill containing landfill debris which should occur relatively 

quickly as the new approach fill is placed. 

● Settlement of the underlying clay foundation subgrade which will be time dependent. 

The analyses were conducted using parameters for the clay foundation based on correlation 

with index properties and soil shear strengths established during current and previous site 

investigations.  In the absence of consolidation tests, settlements have been estimated for 

two different sets of clay compression/recompression ratios.  In the first analysis, a 

compression ratio and recompression ratio of 0.25 and 0.025 were used, while in the second 

analysis, a compression ratio and recompression ratio of 0.35 and 0.035 were used.  

Based on these parameters, the estimated foundation settlement beneath the maximum 

embankment height at the proposed north approach is expected to range between 75 mm 

and 115 mm after a 6-month waiting period following completion of fill placement, and 

between 90 mm and 135 mm after 20 years. In addition, the embankment settlement due to 

fill compression is estimated at 0.5 percent of the fill height. It is anticipated that 

approximately 50 percent of the total fill compression (or 0.25 percent of the fill height) will 

occur during construction, and that the remaining 50 percent, or approximately 10 to 15 mm, 

will occur after construction. 
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It is anticipated that construction of the new approach embankment could result in 10 mm to 

15 mm settlement of the adjacent existing approach fill.  As such, the pavement of the latter 

may require asphalt resurfacing.    

To meet MTO’s embankment settlement criteria, it is recommended that a minimum waiting 

period of 6 months be allowed after completion of fill placement for foundation settlement to 

take place prior to abutment foundation and approach slab construction, and paving. 

10 EMBANKMENT CONSTRUCTION 

All embankment fill must be constructed with adequate quality control in accordance with 

OPSS.PROV 206 and OPSS.PROV 501 requirements. 

Where new fill is placed against an existing embankment slope or on a sloping ground 

surface steeper than 3H : 1V, the existing slope should be benched in accordance with 

OPSD 208.010. 

Prior to fill placement, the subgrade must be adequately prepared to receive the new fill.  All 

vegetation, topsoil, organics, soft/loosened or wet soils should be sub-excavated.  Based on 

available information, the site was previously used as a landfill.  Various types of waste 

materials (decayed wood fibres, circular rubber pieces, occasional boulder fragments, 

charcoal fragments, brick pieces and metal fragments) and debris were encountered within 

the fill during the investigation. Where exposed at the subgrade level, it is recommended 

that these materials be sub-excavated and removed from the site prior to placing new fill.  

Subgrade preparation at this site should be addressed during detail design. 

It is also recommended that all permanent and temporary slope surfaces be vegetated and 

seeded in accordance with current MTO practice with reference to OPSS.PROV 804.  

Surface runoff and precipitation must be prevented from flowing perpendicularly down any 

slope surface.  Erosion protection measures will have to be taken as necessary to maintain 

surficial slope stability. 

11 FOUNDATION ALTERNATIVES 

The Thurber technical memorandum (Reference 1) presents descriptions of the foundation 

types used for the existing bridge and are summarized as follows: 
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● Both abutments are supported on vertical and battered steel HP 310 x 110 piles 

reportedly driven to bedrock. 

● All the piers are supported on composite piles, each of which consists of a steel tube 

pile enclosing three HP 310 x 110 piles socketted at least 0.5 m into bedrock.  The tube 

piles had been reportedly driven to bedrock. 

A draft Structural Design Report (SDR) titled “Norris Whitney Bridge, Highway 62 – Bridge 

Twinning”, dated April 7, 2020 was prepared by WSP.  The SDR indicates that the new 

twinning bridge will be located to the east of the existing bridge with an 8.5 m clearance 

between the two structures.  It also indicates that it is expected that the new pier structures 

and foundations will be generally similar to those of the existing bridge, i.e. H-piles driven to 

bedrock at the abutments and composite tube piles/H-piles with the H-piles socketted into 

bedrock at the piers.  The draft SDR also indicates that each new bridge pier foundation is 

designed to be staggered with the adjacent existing pier in order to avoid contact between 

new and old piles.  Moreover, an additional north approach span has been added such that 

the new north approach and north abutment would not be located directly on the known 

landfill area by the north shoreline. 

Based on preliminary subsurface information obtained at the north approach area during the 

current preliminary investigation, and previously reported subsurface information available 

for the existing bridge, foundation alternatives that can be considered for the new twinning 

bridge are discussed in the following. 

● We concur that steel H-piles driven to bedrock is feasible for use as foundation support 

at the north abutment, provided that the fill preloading/waiting period is implemented 

prior to pile installation.  Alternatively, steel H-piles or pipe piles socketted into bedrock 

may also be considered.  For the south abutment, similar alternatives may also be 

considered. 

● At the piers, foundation construction will have to be carried out within dewatered 

cofferdam enclosures.  The composite tube pile/H-pile combination is feasible.  It is 

considered that the tube pile would increase the lateral resistance of the pile group and 

also serve the purpose of a casing for installation of the socketted H-piles.  However, 

consideration may also be given to using concrete filled steel pipe piles socketted into 

bedrock. 
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● In addition, caissons (drilled shafts) socketted into bedrock may also be considered as 

an alternative to the above.  At the piers, caissons with permanent steel casings may be 

used, where the casings would serve the purposes of temporary liners and providing 

partial water cutoff during construction, and would increase the lateral resistance of the 

foundation unit.  It may also be possible to design a continuous caisson and column 

system without using a cap.   

12 INVESTIGATION FOR DETAIL DESIGN 

There is no GEOCRES information available for the new bridge and approach alignment.  

The subsurface conditions depicted by the three boreholes at the north approach and 

abutment area from the preliminary investigation is insufficient and incomplete to be used for 

detail design of the new works.  It will be necessary to carry out additional site investigation 

and field testing to support the preparation of foundation design recommendations for detail 

design of the new twinning bridge and its approach fills.  In particular, boreholes must be 

advanced for the new piers in the water and at the south approach and abutment area.      

 

For detail design, it is recommended that Guidelines for MTO Foundation Engineering 

Services (Version 2.0 October 2020) be followed.  For this bridge twinning, the minimum 

requirements are summarized as follows: 

● 2 BHs at each foundation element advancing to a minimum of 3 m below refusal. 

 
● Where bedrock is encountered, all of the boreholes at each foundation element shall 

be cored for a minimum depth of 3 m.   

    
● 1 BH at each bridge approach embankment within 20 m of the abutment, advancing 

to 3 m into a competent stratum or 10 m below the base of the fill.  Where bedrock is 

encountered, no coring is required. 

The three boreholes advanced for this preliminary investigation can be incorporated into the 

detail investigation program.  In order to satisfy the minimum MTO requirements above, the 

borehole configuration for detail design should be as follows: 

 
● 2 BHs at each abutment area within existing bridge for a total of 4 BHs. 
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● 2 BHs at each pier location for a total of 22 BHs assuming 11 piers; however, the 

actual number of required boreholes may be reduced upon discussion with MTO, 

given the close proximity of previous boreholes for the existing bridge and the 

relatively high cost of advancing boreholes over open water.  

 
● 1 BH at each approach area for a total of 2 BHs. 

 

13 CLOSURE 

Engineering analysis and preparation of the report were carried out by Mr. Geoff Lay, P.Eng. 

and Dr. Sydney Pang, P.Eng. 

The report was reviewed by Dr. P.K. Chatterji, P.Eng., a Designated Principal Contact for 

MTO Foundations Projects. 
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Appendix A 

 
Records of Boreholes 

 

 



SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES 
 
1. TEXTURAL CLASSIFICATION OF SOILS 

 
CLASSIFICATION  PARTICLE SIZE   VISUAL IDENTIFICATION 
Boulders    Greater than 200mm  same 
Cobbles    75 to 200mm   same 
Gravel    4.75 to 75mm   5 to 75mm 
Sand    0.075 to 4.75mm   Not visible particles to 5mm 
Silt    0.002 to 0.075mm   Non-plastic particles, not visible to 

        the naked eye 
Clay    Less than 0.002mm   Plastic particles, not visible to 
        the naked eye 

2. COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm) 
 
 TERMINOLOGY       PROPORTION 
 Trace or Occasional      Less than 10% 
 Some        10 to 20% 
 Adjective (e.g. silty or sandy)      20 to 35% 
 And (e.g. sand and gravel)      35 to 50% 
 
3.            TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY) 
 
 DESCRIPTIVE TERM  UNDRAINED SHEAR  APPROXIMATE SPT(1) ‘N’ 
     STRENGTH (kPa)   VALUE 

Very Soft    12 or less    Less than 2 
 Soft    12 to 25    2 to 4 
 Firm    25 to 50    4 to 8 
 Stiff    50 to 100    8 to 15 
 Very Stiff   100 to 200   15 to 30 
 Hard    Greater than 200   Greater than 30   
  

NOTE:  Hierarchy of Soil Strength Prediction  1) Laboratory Triaxial Testing 
2) Field Insitu Vane Testing 
3) Laboratory Vane Testing 
4) SPT value 
5) Pocket Penetrometer 
 

4. TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY) 
 
 DESCRIPTIVE TERM  SPT “N” VALUE 
 Very Loose   Less than 4 
 Loose    4 to 10 
 Compact    10 to 30 
 Dense    30 to 50 
 Very Dense   Greater than 50 
 
5. LEGEND FOR RECORDS OF BOREHOLES 
 

SYMBOLS AND  SS    Split Spoon Sample WS  Wash Sample  AS  Auger (Grab) Sample
 ABBREVIATIONS  TW  Thin Wall Shelby Tube Sample  TP  Thin Wall Piston Sample 

FOR   PH   Sampler Advanced by Hydraulic Pressure PM  Sampler Advanced by Manual Pressure 
 SAMPLE TYPE  WH  Sampler Advanced by Self Static Weight  RC   Rock Core  SC  Soil Core
  
    Undisturbed Shear Strength 

Sensitivity  =          ---------------------------------- 
    Remoulded Shear Strength      

 Water Level  
 Cpen Shear Strength Determination by Pocket Penetrometer 

 
(1) SPT ‘N’ Value Standard Penetration Test ‘N’ Value – refers to the number of blows from a 63.5kg hammer free falling a 

height of 0.76m to advance a standard 50 mm outside diameter split spoon sampler for 0.3 m depth into undisturbed ground. 
(2) DCPT  Dynamic Cone Penetration Test –  Continuous penetration of a 50 mm outside diameter, 60 conical 

steel point attached to “A” size rods driven by a 63.5 kg hammer free falling a height of 0.76 m.  The resistance to cone 
penetration is the number of hammer blows required for each 0.3 m advance of the conical point into undisturbed ground.
  



UNIFIED SOILS CLASSIFICATION

   GROUP
MAJOR DIVISIONS    SYMBOL TYPICAL DESCRIPTION

GRAVEL

GW Well-graded gravels or gravel-sand mixtures, little or 

no fines.

AND

GRAVELLY

GP Poorly-graded gravels or gravel-sand mixtures, little 

or no fines.

COARSE SOILS GM Silty gravels, gravel-sand-silt mixtures.

GRAINED GC Clayey gravels, gravel-sand-clay mixtures.

SOILS

SAND AND

SW Well-graded sands or gravelly sands, little or no 

fines.

SANDY

SOILS

SP Poorly-graded sands or gravelly sands, little or no 

fines.

SM Silty sands, sand-silt mixtures.

SC Clayey sands, sand-clay mixtures.

ML Inorganic silts and very fine sands, rock flour, silty or 

clayey fine sands or clayey silts with slight plasticity.

FINE

SILTS AND

CLAYS

CL Inorganic clays of low to medium plasticity, gravelly 

clays, sandy clays, silty clays, lean clays. 

(WL < 30%).

GRAINED

SOILS

WL < 50% CI Inorganic clays of medium plasticity, silty clays.  

(30% < WL < 50%).

OL Organic silts and organic silty-clays of low plasticity.

SILTS AND

MH Inorganic silts, micaceous or diatomaceous fine 

sandy or silty soils, elastic silts.

CLAYS CH Inorganic clays of high plasticity, fat clays.

WL > 50% OH Organic clays of medium to high plasticity, organic 

silts.

HIGHLY 

ORGANIC 

SOILS

Pt Peat and other highly organic soils.

CLAY SHALE

SANDSTONE

SILTSTONE

CLAYSTONE

COAL



EXPLANATION OF ROCK LOGGING TERMS 

 

ROCK WEATHERING CLASSIFICATION SYMBOLS 

Fresh (FR) No visible signs of weathering.   

Fresh Jointed (FJ) Weathering limited to the surface of major 

discontinuities. 

 

 

CLAYSTONE 

Slightly Weathered 

(SW) 

Penetrative weathering developed on open discontinuity 

surfaces, but only slight weathering of rock material. 

 

 

SILTSTONE 

Moderately Weathered 

(MW) 

Weathering extends throughout the rock mass, but the 

rock material is not friable. 

 

 

SANDSTONE 

Highly Weathered 

(HW) 

Weathering extends throughout the rock mass and the 

rock is partly friable. 

 

 

COAL 

Completely Weathered 

(CW) 

Rock is wholly decomposed and in a friable condition, 

but the rock texture and structure are preserved. 

 
Bedrock (general) 

DISCONTINUITY SPACING STRENGTH CLASSIFICATION 

 

Bedding 

 

Bedding Plane Spacing 

Rock 

Strength 

 

Approximate Uniaxial 

Compressive Strength 

Field Estimation 

of Hardness* 

 (MPa) (psi) 

Very thickly bedded 

 

Greater than 2m Extremely 

Strong 

Greater than 

250 

Greater than 

36,000 

Specimen can only 

be chipped with a 

geological hammer Thickly bedded 

 

0.6 to 2m 

Medium bedded 0.2 to 0.6m 

 

Very Strong 100-250 15,000 to 

36,000 

Requires many 

blows of geological 

hammer to break Thinly bedded 60mm to 0.2m 

 

Very thinly bedded 20 to 60mm 

 

Strong 50-100 7,500 to 

15,000 

Requires more than 

one blow of 

geological hammer 

to break 

Laminated 6 to 20mm 

Thinly Laminated Less than 6mm 

 

Medium 

Strong 

25.0 to 50.0 3,500 to 

7,500 

Breaks under 

single blow of 

geological 

hammer. 
TERMS  

Total Core Recovery: 

(TCR) 

Core recovered as a percentage 

of total core run length. 
Weak 5.0 to 25.0 750 to 3,500 Can be peeled by a 

pocket knife with 

difficulty 

Solid Core Recovery: 

(SCR) 

Percent Ratio of solid core of 

full cylindrical shape 

recovered.  Expressed with 

respect to the total length of 

core run. 

Very Weak 1.0 to 5.0 150 to 750 Can be peeled by a 

pocket knife, 

crumbles under 

firm blows of 

geological pick. 

Rock Quality 

Designation: 

(RQD) 

Total length of sound core 

recovered in pieces 0.1m in 

length or larger as a percentage 

of total core run length. 

Extremely 

Weak 

(Rock) 

0.25 to 1.0 35 to 150 Indented by 

thumbnail 

Uniaxial Compressive 

Strength (UCS) 

Axial stress required to break 

the specimen 
    

Fracture Index: 

(FI) 

Frequency of natural fractures 

per 0.3m of core run. 
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Well installation consists of 19mm
diameter Schedule 40 PVC pipe with a
3.05m slotted screen.

WATER LEVEL READINGS
DATE DEPTH(m) ELEV.(m)

2020.11.17 1.8 74.3
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Geotechnical Laboratory Test Results 
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Date Drilled:
Date Tested:
Tester:

NQ BH No : Reviewed by:

Test 
No. Run No. Depth

(m)
Axial or 

Diametral
Gauge 
(MPa)

Diameter 
(mm)

Length 
(mm)

Is(50) 

(MPa)
UCS

(MPa) Rock Type Rock Strength    
(after Hoek & Brown, 1997)

1 1 10.5 A 21.5 46.8 65.9 5.7 137.6 Limestone Very Strong
2 1 11.1 A 10.0 41.8 66.7 2.9 69.2 Limestone Strong
3 1 11.7 D 10.3 47.0 154.5 4.3 103.3 Limestone Very Strong
4 2 11.9 A 15.4 46.7 68.7 4.0 95.9 Limestone Strong
5 2 12.5 A 17.1 46.7 60.0 4.9 118.0 Limestone Very Strong
6 2 13.3 D 3.2 46.4 122.7 1.4 33.1 Limestone/Shale Medium Strong
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

* It is ideal to perform axial test on core specimens with D/L ratio of 1.1 ± 0.1
Long pieces of core can be tested diametrically to produce suitable lengths for axial testing

* Diametral Test should have 0.7 x D on either side of test point.
* Correlation factor to obtain UCS values is 24. Last Modified: September 14, 2016

Hwy 401 Belleville
WSP Canada Group Ltd.

Project Name:
Core Size:

ASTM D5731-08
11566

NW20-01

POINT LOAD TEST SHEET

16-Nov-20
03-Dec-20

GA
RPR

Job No:
Client:
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Rock Core Photographs
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Pictures taken on November 16, 2021 
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Selected Site Photographs 
 
 
 

 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 



 
 
 
 
 
 

 
 

Photo 1-  Norris Whitney Bridge,  northeast side 
Location of Borehole NW20-01 

Photo taken on November 18, 2020 
 
 

 
 

Photo 2-  Norris Whitney Bridge,  northeast side 
Location of Borehole NW20-01 

Photo taken on November 18, 2020 
 



 
 
 
 
 
 
 
 
 

 
 

Photo 3-  Norris Whitney Bridge,  northeast side 
Location of Borehole NW20-03 

Photo taken on November 18, 2020 
 
 
 

 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 

 
 
 

 
 
 

Appendix E 
 

Borehole Locations and Soil Strata Drawing 
 

 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 







 

 

 
 
 
 

 
 
 

Appendix F 
 

Selected Stability Analyses Results 
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Estimated Ground Settlement 
Along NBL Embankment Centerline

After 6 months

11566 - Norris Whitney Figure 7
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Estimated Ground Settlement 
Along NBL Embankment Centerline

After 20 years

11566 - Norris Whitney Figure 8
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Preliminary Foundation Investigation and Design Memo, 

dated April 15, 2016 

 
 
 

 
 
 

 
 
 
 

 
 
 

 



103, 2010 Winston Park Drive, Oakville, ON L6H 5R7  T: 905 829 8666  F: 905 829 1166 
thurber.ca

 

 
 

PRELIMINARY FOUNDATION INVESTIGATION AND DESIGN  
NORRIS WHITNEY BRIDGE REHABILITATION (SITE 28-28) 

 

1 INTRODUCTION 

This memo presents a brief summary of the factual findings from a foundation review carried out 
for the existing Norris Whitney Bridge on Highway 62 in the Geographic Township of 
Ameliasburgh – Municipality of Belleville and Prince Edward County, Ontario.  It also presents 
preliminary geotechnical recommendations for use in assessment of the existing foundations at 
the site.  It is noted that the proposed structural alternatives for the rehabilitation are not yet 
defined. 

The recommendations provided in this memorandum are for planning, structure evaluation and 
preliminary design purposes only.  Additional investigation and analysis may be required in any 
subsequent detail design phase of the project. 

The following reference numbers apply to this site: 

 Current W.P.    4082-13-01 
 Site No.   28-28 
 GEOCRES No.  31C-135 
 Historic W.P.   134-74-01  

2 SITE DESCRIPTION 

The Norris Whitney Bridge carries Highway 62 over the Bay of Quinte between Belleville at the 
north end and the hamlet of Rossmore at the south end.  The RFP information indicates that the 
existing bridge was constructed in 1982 and consists of an 11 span steel plate I-girder bridge with 
a total length of 881 m (58 m + 9 x 85 m + 58 m).  The bridge has an overall deck width of 12 m 
and accommodates two lanes of traffic and a pedestrian sidewalk. 

MEMORANDUM 
 
 

To: Christopher Schueler, P.Eng. 
AECOM 

Date: April 15, 2016 
 

    
From: Murray Anderson, P.Eng. 

Alastair Gorman, P.Eng. 
(Reviewed by P.K. Chatterji, P.Eng.) 
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The General Layout drawing for the existing bridge (Contract No. 80-34) indicates that the top of 
pavement elevation on the bridge rises from Elev. 86.9 at the north abutment to Elev. 100.3 at 
the highest point, and then falls to Elev. 79.2 at the south abutment.  The highest point is located 
between the fourth and fifth piers from the north end, and road grade at this location is 
approximately 25.6 m above the water level indicated on the drawing (Elev. 74.89). 

The natural terrain in the vicinity of the bridge is generally flat.  In the GEOCRES report, the depth 
of water in the bay was reported to be typically 3.0 to 4.5 m, locally about 10.7 m within the former 
main navigation channel adjacent to the south shore.  A discontinuous causeway from a former 
crossing alignment runs parallel to the west side of the existing bridge. 

3 SUBSURFACE CONDITIONS 

The site is located across the boundary of two physiographic regions known as the Napanee Plain 
on the north shore and the Prince Edward Peninsula on the south shore.  The Napanee Plain is 
a flat to undulating limestone plain largely stripped of overburden.  The Prince Edward Peninsula 
is a low plateau of limestone projecting into the eastern part of Lake Ontario.  Geologic maps 
indicate that the bedrock consists of interbedded limestone and shale of the Verulam Formation. 

A site investigation was completed by the Ministry of Transportation and Communications 
between May 24 and June 17, 1977 for the proposed construction of the current high level bridge.  
A total of 21 boreholes and eight dynamic cone penetration tests (DCPTs) were advanced to 
depths ranging from 0.5 to 20.7 m during the investigation.  The boreholes were terminated upon 
refusal on probable bedrock or after recovery of at least one run of bedrock core.  The available 
GEOCRES files are attached in Appendix A. 

The soil conditions encountered in the boreholes were variable as a result of dredge and fill 
operations previously carried out in the area.  Up to 4.6 m of mixed fill was encountered in 
boreholes drilled on the north shore, and up to 13.9 m of organic clay and/or sandy gravel fill 
(related to the former causeway crossing) was encountered on the bay bottom, typically 
increasing in thickness to the south.  These materials were not present adjacent to the south 
shore where dredging was carried out in the former main navigation channel. 

The fill and organic soils on the north half of the site are underlain by a 3.4 to 4.0 m thick layer of 
native sand to sandy gravel, overlying a 2.7 to 4.0 m thick layer of clay to clayey silt.  A 0.6 to 
5.5 m thick layer of glacial till comprising sand and gravel with various proportions of silt and clay 
was encountered below all of the above soils along essentially the full alignment. 

Standard Penetration Test (SPT) N-values recorded in the various units and the corresponding 
consistency/relative density of the layers are summarized below: 
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Soil Unit 
SPT N-values 
(blows/0.3 m) 

Relative Density Consistency 

Fill 2 to 120, 
typically 2 to 32 Very loose to dense - 

Organic Clay 0 to 19, 
typically 1 to 10 - Very soft to stiff 

Sand to Sandy Gravel 5 to 53 Loose to very dense - 
Clay to Clayey Silt 2 to 24 - Soft to very stiff 

Glacial Till 15 to 80 (for 75mm), 
locally 3 to 9 Compact to very dense Very stiff to hard 

 

The undrained shear strength of the organic clay measured by field and laboratory vane testing 
ranged from 1.4 to 46 kPa.  Similar testing of the clay and clayey silt yielded undrained shear 
strengths of 37 to 135 kPa. 

Bedrock or refusal on probable bedrock was encountered below the organic clay, sandy gravel 
and glacial till in all but four of the boreholes at depths of 0.5 to 19.0 m below the ground or water 
surface.  In general, the bedrock surface falls from approximate Elev. 76.7 (0.5 m depth) some 
50 m south of the south abutment, to Elev. 55.9 (19.0 m depth) approximately 230 m north of the 
south abutment, and then rises to Elev. 68.4 (8.1 m depth) approximately 165 m north of the north 
abutment.  The inferred bedrock elevations at the south and north abutments are approximate 
Elev. 69.5 and 65.5, respectively. 

Bedrock was proven by recovering up to 1.5 m of rock core in 11 of the boreholes.  The bedrock 
was described as sound limestone with shaly sections.  RQD values ranged from 50% to 97%, 
indicating a fair to excellent quality rock. 

Groundwater levels at about 0.3 and 0.9 m depth (Elev. 75.0) were observed in two boreholes 
drilled on land.  The water level in the bay was at Elev. 74.9 at the time of the fieldwork.  The 
water was typically 3.0 to 4.5 m deep at the borehole locations in the bay, locally about 10.7 m 
within the former main navigation channel adjacent to the south shore. 

4 SITE OBSERVATIONS 

Foundations engineering staff from Thurber visited the site to observe conditions related to the 
geotechnical performance. 

No obvious signs of settlement or distress of the existing bridge foundations were observed. 

The approach embankments appeared to be stable, with no obvious signs of instability or bulging.  
Rock protection is provided at the abutments along the shoreline.  Possible erosion was noted at 
a drain outlet on the east side of the north approach embankment. 

Photographs of the structure and the approaches are attached in Appendix B. 
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5 EXISTING FOUNDATIONS 

The archive design drawings indicate that the bridge is supported on steel pile foundations 
bearing on bedrock.  The layout of the piles is as follows: 

 The south abutment is supported on nine HP 310x110 piles driven to bedrock.  The front 
row of piles contains five piles battered forward at 1H:3.5V, and the hind row contains two 
inner piles inclined forward at 1H:3.5V and two outer piles inclined backwards at 1H:8V. 

 Each pier is supported by a pile cap carried on 10 to 14 composite piles comprising three 
HP 310x110 piles enclosed in steel tube piles (1219 mm outside diameter by 12.7 mm 
thick) filled with tremie concrete after installation of the H-piles.  The H-piles are socketed 
at least 500 mm into sound bedrock in a 1050 to 1200 mm diameter socket filled with 
tremie concrete.  The tube piles are driven to bedrock.  The perimeter composite piles are 
inclined outwards at a batter of 1H:4.5V, and the two interior piles, where present, are 
vertical. 

 The north abutment is supported on ten HP 310x110 piles driven to bedrock.  The front 
row of piles contains six piles battered forward at 1H:3V, and the hind row contains two 
inner piles inclined forward at 1H:3V and two outer piles inclined backwards at 1H:8V.  
Additionally, a vertical H-pile is driven to bedrock under each wing wall. 

An underwater inspection of the pile caps was carried out in 2007 by Harmer Podolak Engineering 
Consultants Inc.  The inspection involved visual examination of the submerged portion of the 
concrete pile caps at the piers, between the water line and the bay bottom.  At four of the piers, 
the top 0.6 to 5.1 m of the tube piles below the pile caps was accessible for examination.  In 
general, the pile caps were assessed to be in good condition with light to medium scaling and 
localized spalls.  The exposed tube piles were considered to be in good condition with light surface 
rust.  One perforation was noted on the north side of a pile at the sixth pier from the south. 

6 ASSESSMENT OF EXISTING FOUNDATIONS 

The archive information and site observations indicate that the existing bridge is founded on piles 
to bedrock.  The foundations appear to be performing satisfactorily, and it can be assumed that 
the foundations will continue to perform satisfactorily in the future provided they are structurally 
sound. 

The RFP document suggests that the required rehabilitation work will consist of concrete deck 
repairs, waterproofing, paving, expansion joint replacement, substructure repairs, and barrier wall 
repair/replacement.  In this case, no appreciable increase in the loading is anticipated. 

If a significant (greater than 10%) increase in loading on the foundations due to rehabilitation of 
the bridge is subsequently planned, it will be necessary to carry out further assessment and 
possibly site investigation and field testing to support the preparation of foundation design 
recommendations. 
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7 EXCAVATION AND ROADWAY PROTECTION 

If the selected rehabilitation strategy requires excavation in the approach fills behind the 
abutments, it is recommended that site investigation and field testing be carried out in each 
approach fill in order to characterize the fill and bedrock, and to select parameters for the design 
of roadway protection.  One borehole within each approach fill and within the probable extent of 
excavation is considered to be appropriate.  The boreholes should extend for the full depth of fill 
or to twice the depth of excavation, whichever is the greater, or terminate on bedrock if 
encountered within this depth. 

8 CLOSURE 

The factual subsurface information used in the preparation of this memorandum was taken from 
the report by The Ministry of Transportation and Communications titled “Feasibility Foundation 
Investigation Report for Bay of Quinte Crossing at Belleville, Hwy. 14, District 8, Kingston”, WP 
134-74-01, Site 28-28, undated. 

The memorandum was prepared by Mr. Murray Anderson, P.Eng., Senior Foundations Engineer 
and was reviewed by Mr. Alastair Gorman, P.Eng. and Dr. P.K. Chatterji, P.Eng., a Designated 
Principal Contact for MTO Foundations Projects. 

Thurber Engineering Ltd. 

 
 
 
 
 
 
 
 
Murray Anderson, P.Eng. Alastair Gorman, P.Eng. 
Associate, Senior Foundation Engineer Associate, Senior Foundation Engineer 
 
 
 
 
 
 
 
 
 
P.K. Chatterji, P.Eng. 
Review Principal, Designated MTO Contact 
 
Attachments 

D R
 A F T



Appendix A 
 

GEOCRES Report, Correspondence, and Archive Drawings 
 
 
 
 
 
 
 

 

D R
 A F T








































