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Part A    FOUNDATION INVESTIGATION REPORT

1 Introduction

TBT Engineering was retained by Engineering Northwest Ltd. to provide Foundation Engineering services for the proposed Oskondaga River Bridge replacement near Shabaqua, Ontario (Key Plan, Enclosure 1). The design work is being undertaken as part of a Total Project Management assignment between Engineering Northwest and the Ministry of Transportation, Northwestern Region.

The new bridge is to be constructed at the site of the existing Oskondaga River Bridge.  

The Highways 11/17-11 intersection is to be improved with an upgraded eastbound right hand turning ramp, horizontal revisions and a grade raise of about two metres in height at the bridge. 

A foundation investigation was carried out to investigate subsurface conditions at the site.  This investigation consisted of a number of boreholes drilled in the vicinity of the new structure, laboratory testing and geotechnical analysis of the data.  This report provides a summary of that work and of the conditions encountered.

An earlier report for the site was prepared by the Ministry of Transportation.  It was prepared for a proposed new single lane bridge to be constructed approximately 24m west of the current structure.  The project was WP 902-70-04 and the Foundation Report is filed under GEOCRES No. 52A-61.  Borehole data from that investigation are attached within Appendix C.

2 Site Description

The site is located on Highway 11/17 approximately 225 m south of the intersection of Highway 11/17 and Highway 11, just west of Shabaqua, Ontario.  At this location Highway 11/17 runs in a north-south direction, with Highway 11 branching to the west.  The Oskondaga River flows westerly with a slight southerly skew at the bridge.

The surrounding terrain is generally hilly and naturally treed.  The north side of the river has been previously developed as an earlier routing of Highway 11 and to the west of that as a gravel pit.  To the south, the natural gradient is uphill to Shabaqua.

 The area surrounding the bridge site is rural.  There is a single house located on the east side of the Highway, north of the river.  An ambulance station is located on the west side of the highway, just south of the bridge.  The proposed embankment grade raise will have a nominal impact on access to the ambulance garage.  A patrol yard is located across Highway 11/17 from the ambulance station.

The quaternary geology of the site is mapped (Ministry of Northern Development and Mines, Ontario Geological Survey, Map 2554) as Glacio-fluvial ice contact deposits, gravel and sand.  Immediately up gradient from the river the soils are mapped as Glacio-lacustrine deposits, silt and clay, or as undifferentiated igneous and metamorphic rock.

The Oskondaga River has been ‘straightened’ to its current channel.  The natural channel was located about 50 m south of the current location.  The old channel and the area between the two channels have been filled.

The current channel is about 10 m wide (at the base) and about 5 m deep. The water in the channel was about 0.5 m deep at the time of our investigation (October 2001).  The exposed river bottom and lower banks consist primarily of boulder and cobble materials, with boulders in excess of 0.3 m diameter visible.  Above this the remainder of exposed soils are granular, grading from sand to cobble and boulder sizes.  
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Oskondaga River Bridge    Looking South
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Oskondaga River Bridge   Looking North

3 Investigation Procedures

A site investigation was undertaken between October 1 and October 9, 2001.  A total of 6 boreholes were drilled for the project at the locations indicated on the Borehole Location Plan (Enclosed). 

 Paddock Drilling was contracted to provide most of the drilling services.  An Acker SX70 drill mounted on a skidder chassis was utilized.  A truck-mounted CME 55 operated by TBT Engineering was also used for some hollow stem drilling operations.

The boreholes were drilled using various drilling techniques.  These included down hole Stratex air hammer, rotary and diamond core drilling and hollow or solid stem augers.  

The Stratex down hole hammer system is an air powered down hole hammer that advances a casing to permit sampling.  Stratex drill advancement was very slow.

Following completion of Borehole 1 using the Stratex system, the field program was resumed using conventional diamond drilling methods.  Hollow stem augers were used for embankment holes and for deeper holes through finer materials found on the east side of the river.  Both 80 mm inside diameter (i.d.) and 108 mm i.d. diameter hollow stem augers were used.

Soil samples were obtained using the techniques of the Standard Penetration Test (SPT).  The SPT involves driving a thick walled sampler into the soils under a standardized energy (63.5 kg, falling 760 mm). The number of blows required to drive the sampler 0.3 m is recorded and is known as the SPT blow count (N).   A representative soil sample is obtained from within the sampler.  Samples were also obtained using a NQ sized core barrel.  Bedrock samples were stored in core boxes for review and recovery and rock quality designation values determined.

The borehole statistics and drill techniques utilized are summarized in Table 1.

Table 1. Drill Summary

	Location
	Depth

(m)
	Elevation

(Surface/base)
	Drill method

Depth (m)
	Comments

	BH 1
	7.6
	383.7 / 376.1
	Stratex
	Very slow drilling 

	BH 2
	30.2
	384.3 / 354.1
	Hollow Stem to 6.2 m

Casing/Coring to complete
	Slow progress through boulders. 

PQ and NQ casing/core sizes used

	BH 3
	28.8
	384.2 / 355.4
	Solid Stem to 5.6m

Casing/Coring to complete
	PQ and NQ casing/core sizes used.

Drilled through concrete and rebar at 5.6m

	BH 4
	12.8


	382.7 / 369.9
	Solid Stem to 6.1m

Hollow Stem to  complete
	Augers able to penetrate sub-soils.  

	BH 5
	4.8
	384.5 / 379.8
	Hollow Stem
	Embankment Location

	BH 6
	5.7
	384.4 / 378.6
	Hollow Stem
	Embankment Location


Slotted PVC Standpipe were installed in selected boreholes to facilitate measurement of the ground water levels.  These data are recorded on the Borehole Logs (Appendix A) and on the Soil Profile Drawings.

Borehole locations and elevations were measured using routine survey methods.  Horizontal northings and easting were calculated from highway chainages and are provided on the Borehole Location Drawing. Borehole elevations were referenced to the following brass benchmark on the north east side of the existing abutment.  

BM No. 84V183

Elev.    384.729 m Geodetic

Soil samples were returned TBT Engineering’s laboratory for testing.  Routine testing included moisture content, Atterberg Limit and grain size analysis.  Results of this testing are shown on the Borehole Logs (Appendix A) and on the laboratory data reports (Appendix B). 
4  General Site Geology and Sub-Surface Conditions

4.1 Site Geology

The quaternary geology of the site is mapped as Glacio-fluvial ice contact deposits, gravel and sand [2].  Immediately up gradient from the river the soils are mapped as Glacio-lacustrine deposits, silt and clay, or as undifferentiated igneous and metamorphic rock.  Geological mapping of the site indicates the underlying bedrock is composed of mafic metavolcanics [3].  

The Oskondaga River has been ‘straightened’ to its current channel.  The natural channel was located about 50 m south of the current location.  The old channel and the area between the two channels have been filled.

4.2 Subsurface Conditions
Details of the subsurface conditions are provided on the Borehole Logs, Appendix A, and on the Section Plans, Drawings 1 and 2.  In general, the subsurface conditions at the site consist of up to four metres of fill overlying silts followed by sands   The silts and sands are present to about 29 m below existing grade where they are underlain with a veneer of till overlying bedrock. 

A seam of cobble and boulder sized materials, in the order of two metres thick, is present near the top of the silt and sand deposit below the fills.  This deposit forms the exposed bed of the Oskondaga River.

Earlier boreholes drilled near the bridge (MTO, Appendix C) encountered a thick deposit (10m+) of boulders from a depth of about 18 m (elev. 368.8 m).  These boreholes are understood to have been drilled about 24 m west of the existing bridge location.

Groundwater levels are similar to the level of the Oskondaga River.

4.2.1 Fill

All boreholes encountered deposits of fill materials.  These may be associated with the re-alignment of the Oskondaga River and/or the construction of the original highway embankment.  The fill typically consists of unsorted deposits of red-brown silty clays or sand and gravel layers. Random debris (wood, asphalt etc) and cobble-sized materials are also present within the fill. A summary of the fill thickness is provided on Table 2.  

Table 2.  Fill Extents

	Location
	Depth of Fill (m)
	Elevation of Base of Fill (m)

	Borehole 1
	3.6
	380.1

	Borehole 2
	3.5
	380.8

	Borehole 3
	5.5
	378.7

	Borehole 4
	3.9
	378.8

	Borehole 5
	3.7
	380.8

	Borehole 6
	5.8
	378.6


 The clay fill generally varies from firm to very stiff and from low to highly plastic, as indicated by Atterberg Limit testing, Enclosure 7. The clay fill zones consist of reworked red-brown clays with variable amounts of sand and gravel sizes.  Occasional blow counts recorded in excess of 30 blows/0.3 m were influenced by the presence of embedded gravel and or cobbles.   Moisture contents in the clay fill were typically near or below the plastic limit.  The clay frequently contained random distributions of sand and gravel sizes, typical of a re-worked material.  

The sand and gravel fill zones consisted of a heterogeneous assortment of materials ranging from fine sands with traces of silt and gravel sizes to well graded sands and gravels.  (Grain size, Enclosure 6) These soils are generally compact as indicated by the SPT data of about 15 blows/0.3m.  There are numerous zones of embedded cobbles within this fill.  At Borehole 4, a zone of very loose clayey sand fill is present near the bottom of the fill.  This material contains traces of organics and is likely a result of the river straightening activities.   

4.2.2 Silt and Sand

The fill is underlain by a deep deposit of silts and sands.  These soils are found from near the base of the fill to approximately 25 and 26 m below grade. (Elev 359.0 and 358.1) at Boreholes 2 and 3 respectively.  The deposit varies from sandy silt to silty fine sands.  The variation in grain size distribution is illustrated on the grain size data reports, Enclosures 3-5).   Occasional thin (<50 mm) seams of medium grained sand are also present within the deposit.   

The sand and silt deposits are generally in a loose to compact condition with most Standard Penetration Test blow counts recorded in the range of 6 to 25 blows per 0.3 m. The very low SPT data recorded at Borehole 4 (N=1) are not considered representative of the in situ conditions due to loosening of the soils caused by sanding in of the augers. 

4.2.3 Cobbles and Boulders

Borehole data indicates a cobble layer is present close to the proposed abutments on the north side of the river (Boreholes 1 & 2).  The Oskondaga River bottom is visible, and consists of exposed cobbles and boulders, at the bridge site as well as up and down stream. 

Auger refusal on cobbles or boulders was met at both embankment Boreholes 5 and 6, placed about 20 m from the river/abutment. The boulder layer was not encountered in Boreholes 3 and 4 near the abutment on the south side of the river.  However, the presence of cobbles and boulders should be anticipated at all locations, on both sides of the river.  Grain size distributions of the recovered sand and gravel portion of the deposit are shown on Enclosure 5.

Boulders are present to more than 0.5 m in diameter within the cobble layer and on the river bottom. Coefficients of Permeability with in the boulder layer will be very high, likely greater than 10 cm/sec.

Table 4 Cobble and Boulder Layer

	Location
	Top of Boulder Layer

Depth / Elevation

(m)
	Bottom of Boulder Layer

Depth / Elevation

(m)

	Borehole 1

Abutment / North Side
	3.6 / 380.1
	5.8 / 377.9

	Borehole 2

Abutment  / North Side
	6.2 / 378.1
	8.2 / 376.1

	Borehole 5

Apppoach North Side
	3.7 / 380.8
	-

	Borehole 6

Approach South Side
	5.8 / 378.6
	-

	River Bottom
	n.a. / 379.3
	-


4.2.4 Till

The sands and silts overlie a veneer of till which in turn overlies the bedrock.  Till is present from depths of 25.3 and 26.1 m. (Elev. 359.0, 358.1) at Boreholes 2 and 3 respectively.   

At Borehole 2 the till is approximately 2 m thick and consists of an unsorted mixture of dense to very dense silty sand and gravel.  The till contains numerous cobbles and likely boulders. 

The till deposit at Borehole 2 is thinner (approximately 0.6 m) and consists of a heterogeneous mixture of silt, sand and gravels sizes.  The sandy silt till is in a dense condition with a recorded “N” value of 46 blows/0.3m. 

4.2.5 Bedrock

Bedrock was encountered at two boreholes, on either side of the river (Boreholes 2 & 3).  The bedrock consists of a metavolcanic  gneiss, which is fine to medium grained with banding at 45 degrees to horizontal. Table 3 provides a summary of the bedrock surface depth at the boreholes.

The upper 0.5 m of the bedrock is highly fractured, with RQD values of zero.  Below this RQD values of about 35% were measured, indicating a poor quality rock [7].  The intact bedrock is classified as strong to very strong [7]. 

Bedrock in this area is known to vary considerably.  The surface elevation, amount of fracturing, bedding and type of bedrock can all change over small a distance.

Table 3   Bedrock Surface

	Location
	Bedrock Surface

Depth 

(m)
	Bedrock Surface

Elevation 

(m)

	Borehole 2

Abutment / North Side
	28.2
	356.1

	Borehole 3

Abutment  / South Side
	26.7
	357.5


4.2.6 Groundwater

Ground water was measured in standpipe placed in several of the boreholes (Table 5). The levels measured generally correspond to water levels within the river. These levels were obtained during the fall and should be expected to fluctuate with changes in the seasons, precipitation patterns and with variations in the Oskondaga River levels.  

Table 5   Groundwater Levels

	Location (Date)
	Groundwater Depth

(m)
	Groundwater Elevation

(m)

	Borehole 2  (12 10 01) 
	4.7
	379.6

	Borehole 3  (12 10 01)
	3.6
	380.6

	Borehole 4  (12 10 01)
	2.6
	380.1

	Borehole 6  (12 09 01)
	3.9
	380.5

	Oskondaga River  (12 10 01)
	n.a.
	380.1


Part B    Foundation Design Recommendations

5 Discussions and Engineering Recommendations

5.1 Introduction

The Oskondaga River Bridge on Highway 11/17, west of Shabaqua is to be replaced under WP 434-90-00.  The design project is being carried out under a TPM Agreement between the Ministry of Transportation and Engineering Northwest Ltd.  TBT Engineering is providing foundation engineering services as a sub-consultant to Engineering Northwest Ltd. 

The new bridge will be approximately 42 m in length and 24 m in width. The current design concepts utilize a single span bridge structure to be built in three sections.  Two outer sections will be constructed on the left and right sides of the existing structure, with traffic routed over the old bridge.  Following completion of the two new sections the traffic will be routed to the new outer bridge sections and the existing bridge demolished.  At that time the new center section of the bridge will be constructed.  The new bridge is to utilize integral abutment design.  The design of the bridge will be conducted in accordance with the Ontario Highway Bridge Design Code [4] and the Manual for Integral Abutment Bridges Manual [5].   

The highway grades will be revised including a two metre grade raise at the bridge. 

A foundation investigation was carried out to investigate subsurface conditions at the site.  This investigation consisted of a number of boreholes drilled in the vicinity of the new structure, laboratory testing and geotechnical analysis of the data.  The purpose of this section of the report (Part B) is to provide our geotechnical design recommendations for the project.  These are based on the conditions encountered at the test locations and our interpretation of the subsurface conditions at the site.

Bridge Foundations  

The foundation system for the proposed structure must support the design loads within acceptable settlement tolerances and must accommodate all anticipated loadings.  The soil conditions at this site include a variable fill layer, deep silt and sand deposits with till and bedrock about 30 m below grade. A seam of cobbles and boulders underlies much of the foundation area.

The preliminary design concepts for the bridge involved the use of an integral abutment design.  Soil conditions at the site are suitable for integral abutments using end bearing piles to bedrock or to the overlying till strata.

The use of a shallow foundation would conflict with the existing foundations during construction.  The use of friction piles was reviewed but was not considered practical because of the relatively low capacities available.

Deep driven piles may be designed to bear on the underlying bedrock or in the till overlying the bedrock.  It is expected the piles will be about 27 m in length (below the pile cap) with tip elevations at about 355.0m.  The actual depth of pile penetration will depend on localized bedrock conditions.  Bedrock in this area is known to vary markedly over very short distances.  The contractor should be prepared to drive piles of varying length.

The piles will have to be advanced through a deposit of cobbles and boulders, through existing foundations and stiff or dense fill materials.  Pre-drilled, sand filled and cased holes will be required for at least the upper 3 m of pile length.

The design frost depth for this project is 2.2 m [6].

5.2 Driven Piles   

5.2.1 Axial Capacity

Piles driven to effective refusal should be designed using the geotechnical capacities for factored axial resistance at ULS and for SLS as indicated in Table 6.  Higher capacities are available for piles driven to bedrock, however because of the possibility of the piles meeting effective refusal in the till the higher capacities should not be used for design.

Table 6 - Pile Design Capacities

	Pile Designation
	ULS Axial Resistance   (KN)
	SLS Axial Resistance   (KN)

	HP 310 x 110
	1800
	1450

	HP 310 x  79
	1300
	1050


Piles should be driven to a set consistent with current MTO  Special Provision 903.S01 Pile set should be verified in the field for the specific pile and pile driver combination in use.  

Piles should be driven using a minimum Rated Driving energy of   50 kJ (37,000 ft-lbs) to a “set” of 10 blows/12 mm for the final 40 blows. The piles will be driven into till and fractured bedrock, and may penetrate a significant distance to achieve the required capacity.   The depth to competent material should be expected to vary and the contractor should be prepared to drive piles of variable lengths.  The contractor is responsible to determine actual set criteria based on the provisions of Special Provision 903.S01.

The piles should be provided with rock points in accordance with Ontario Provincial Standard Drawing (OPSD) 3304.00 or equivalent.  

Piles should be spaced at least 2.5 pile widths apart (centre to centre). 

The presence of layers of cobbles and boulders has been established about four metres below grade at boreholes drilled for this investigation and below 19 m at the earlier MTO boreholes (Appendix C) drilled west of the site.  The upper layers of boulders should be pre-drilled to facilitate the pile installation.  As the piles are to be pre-drilled and sleeved to a depth of at least 3 m below the pile cap (Section 5.3.4) to accommodate lateral movements, the pre-drilling should be extended at that time to ensure the cobble and boulder layer encountered is fully penetrated.  Available data indicated this will likely involve pre-drilling and sleeving to near Elevation 376 m.  

5.2.2 Negative Skin Friction

Drag loads caused by negative skin friction [9, 10] can be induced on the piles placed prior to completion of embankment fills. 

The site should be preloaded induce settlements prior to placement of the piles to reduce down drag forces.  The outer lanes of the bridge should be preloaded to final embankment grades.  Once the traffic is routed to the outer lanes the inner lanes should be preloaded the final grade prior to driving the piles.

Settlements under the soil weight will occur rapidly.  Once the preloads and surcharges have been in place for one week, they may be excavated to facilitate construction on the foundations.  Abutments may be preloaded separately.

5.2.3 Lateral Pile Resistance

Lateral pile resistance may be estimated using the methods provided in the Canadian Foundation Engineering Manual [7], including ultimate lateral resistance and lateral deformation characteristics.  The piles at this site will be cased from the pile caps to below the bottom of the fill level.  The soils directly providing lateral pile loadings will consist of compact silts and sands below the groundwater level.

Ultimate lateral resistance may be calculated using Broms’ method [7, Section 20.4, Fig 20.4.1] and the following soil parameters:


Kp= 2.9


(’= 8 kN/m3 
(Sand and Silt below 380.0 m)


(= 21 kN/m3   
(Fill)

Lateral deformations may be calculated using the methods provided within the Canadian Foundation Engineering Manual [7], or using computer modeling.  In either case, a co-efficient of lateral sub-grade reaction may be calculated from;


Ks=nh* z/d

where:

Ks = co-efficient of lateral sub-grade reaction  per unit volume



nh = co-efficient related to soil density 




use 4,400 kn/m3     (compact sands and silts below water table)



z = depth  (m)



d = pile width (m)

Reductions in estimates of lateral resistance due to group effects for a single row of piles are not required where the pile spacing is at least 2.5 pile diameters [8].

5.2.4 Pre-drilling 

The soils below the anticipated pile cap elevation consist of firm to very stiff cohesive fills, compact to dense granular fills, and below the fill a cobble and boulder layer is frequently present.  The design concepts for the foundations also involve installation of some of the piling through the existing foundation, most of which is to remain in place [1].  To ensure sufficient deformation capacity for adequate lateral movement of the piles is maintained, pre-drilled holes filled with loose sand should be used for at least the upper 3 m of pile length.  Because of the granular nature of most of the soils, the use of casing is required.    

Pre-drilling or coring will also be required to provide access through the existing bridge foundation and through the boulder layer.  The cobble/boulder layer may not be completely penetrated with pre-drilling to 3m below the proposed pile cap.  It may be necessary to extend the pre-drilling to facilitate driving of the piles due to deeper cobbles and boulders.  Borehole data indicates the cobble and boulder layer is present to approximately elevation 376 m. 

The casing used may consist of a single or double walled system.  If a single walled casing system is used (typically 600 mm in diameter) then the sand fill used around the piles should meet the following gradation specification:

Table 7 –  Pile Casing Fill Gradation Specification

	MTO Sieve Designation  (mm)
	Percent Passing  Mass

	2.0
	100

	0.6 
	80-100

	0.425
	40-80

	0.250
	5-25

	0.150
	0-6


Source:  MTO – Integral Abutment Bridges [5]

Alternatively, where the above gradation of sand cannot practically be obtained, a double walled sleeve system similar to that shown on Fig. 7 of the Integral Abutment Bridges Manual [5] may be used. This involves a sand filled 600 mm diameter inner CSP, inside of an 800 mm diameter outer CSP.  The sand fill used need only meet the requirements of Granular B, Type I (Modified),  (MTO Standard Specification 110F13). 

Construction procedures normally involve drilling and placing of the casing, installation of the piles followed by placement of the sand.

In either case, the bottom of the CSP will be below the ground water table. Installation will be ‘in the wet’ or dewatering will be required.  Because it is anticipated the highway and existing foundation will remain in place and active during construction, and given the very high permeabilities anticipated in the cobble layer, conventional dewatering methods are likely to be problematic.  Therefore, the use of a casing system that can be installed below the groundwater level is recommended.

Pre-drilled holes should be used to at least 3.0 m below the pile cap.  The layer of cobbles and boulders encountered at the north abutment will impede driving of the steel piles.  The pre-drilling operation and associated sand filled casing should extend to below the boulders to facilitate placement of the piles.  Borehole data suggest the bottom of the boulder layer will be between elevations 378 and 376 m. Piles should be designed to accommodate a sleeved section to these levels.

5.3 Lateral Loadings - Abutment

The foundations of the Oskondaga River Bridge will be constructed using integral abutments. As such the abutments foundations must be designed to resist the passive soil pressures that will be generated by thermal expansion.  In addition the abutments should be designed to resist a compaction pressure surcharge of 16 kPa.  Backfill is to be placed as per OPSD 3501.000

Compaction equipment operating behind the wall (within 1 m) should be limited to a mass of 400 kg or less.   If the equipment mass is limited to 120 kg, the compaction surcharge may be reduced to 11 kPa.

The lateral loadings due to the thermal expansion of the abutment may be calculated using estimated movements and passive pressures in accordance with the Ontario Highway Bridges Design Code [4] and the Manual for Integral Abutments [5].  Passive pressures should be estimated assuming dense sand backfill conditions ([4] C6-7.1, Appendix D).   Design unit weights for granular backfill as follows are applicable:


Granular A



22 kN/m3


Granular B (Type 1) modified

21 kN/m3

Backfill behind the abutments must be free draining.  The fill may be specified as Granular B, Type I (Modified) with an additional requirement that the fines (pass 0.075 mm) in the backfill be limited to a maximum of 5%.  Sub-surface drainage in the form of weep holes and sub-drains should be provided as per Fig.12 of the Integral Abutments Manual  [5]. A frost depth of 2.2 m [6] is appropriate for design purposes.  

5.4 Embankments

The approach embankment to the bridge will be raised about 2 m and widened to accommodate the additional lanes.  The grade raise is expected to be carried out in stages to match the bridge deck construction schedule.  The outer part of the embankments will be constructed first, with the inner two lanes filled after traffic is routed over the outer lanes of the bridge and embankment.  

Stability analysis of the approaches using conservative parameters indicates the embankment will be stable under anticipated configurations.  The cobble and boulder layer was conservatively neglected within the embankment for the stability analysis.  

Side slopes of embankments should be constructed with a maximum slope of 2h:1v.  The face of slope that borders on or into the river should be provided with a 0.6 m thickness of rock protection (OPSS 1004.05.06.02) to the high water level.  Elsewhere, the exposed granular slope should be seeded to provide protection from erosion and surficial sloughing.

The embankment fill used to the sub-grade level should consist of Granular B, Type 1 (modified), placed in 300 mm lifts and compacted to at least 95% of Standard Proctor Maximum Dry Density (SPMDD).  Above this the pavement fill structure should be placed as per the Geotechnical Design Report.

Sideslopes of the existing embankment should be benched in accordance with OPSD 208.010.

Shallow organics were encountered on the embankment widening on the south side of the bridge. Organics encountered below widenings are to be excavated in accordance with OPSD 203.030 to firm inorganic foundation.  Backfill excavations with Granular B, Type I (modified) materials.

Total settlements of the approach embankment under the loadings imposed by the new fill are estimated to be in the order of 50 mm at 50% reliability to 100 mm for 90% reliability (OHBDC [4] Commentary, C6-6.3.2). Because of the granular nature of the sub-soils, most of this settlement will occur as the fill is placed and will be essentially complete prior to final grading.

In general, temporary cuts in the existing embankment fills may be trimmed to 1:1 or flatter.  Isolated areas of soft or loose materials should be anticipated, and the temporary slopes flattened in these areas.  Where surcharge loads (including traffic) are present temporary slopes should be reduced to 2h:1v or flatter. Depending on the configuration of the pile cap layout, temporary shoring of the existing embankment may be required.  

5.5 Temporary Shoring  -  De-watering

Temporary shoring, if required, should be designed to resist lateral loadings and to minimise deformations.  Temporary shoring may be designed using the methods provided in Canadian Foundation Engineering Manual [7].  The loading configurations will depend on the type of shoring system used.  In general, temporary shoring may be designed using the following parameters:

Table 9 - Embankment Soil Parameters  (unfactored)

	Soil
	Active  Earth Pressure Co-efficient    (Ka)
	Passive  Earth Pressure Co-efficient    (Kp)
	Unit Weight

(KN/m3)
	Phi

(Degrees)

	Granular A 
	0.27
	3.7
	22
	35

	Granular B
	0.30
	3.4
	21
	33

	Clay Fill
	0.4
	2.8
	18
	28

	Sand Fill
	0.31
	3.3
	20
	32

	Silt & Sand
	0.35
	2.9
	17
	29


The temporary shoring should consist of sheet piles driven into the underlying sand and silt soils.  The cobble and boulder layer may have to be pre-excavated to allow the sheet piling to penetrate to sufficient depth.  The cobble and boulder layer should not be relied on for improved lateral support due to the difficulty of driving into the boulders and the discontinuous nature of the deposit.

The estimated permeability of the soils below the groundwater table vary from 10-5   cm/sec in the silts to more than 10 cm/sec in the cobble and boulder layer.  Because of the high values in the coarser soils conventional de-watering of excavations below the water table using only sumps and pumps is not expected to be successful, particularly where the boulder layer is intercepted.  Should de-watering be required, the use of sheet piling is anticipated.  The piling will have to be driven to sufficient depth to control underflow seepage and completely around the area to be dewatered. The depth required will depend on the configuration of the sheet pile cell, the use of well points or wells and the thickness of concrete used in the floor of the cell.

The cohesionless sands and silts are subject sloughing and/or to ‘quicking’ under artesian conditions which may be created in excavations. Where the base of the shored excavation extends blow the water table, a tremied concrete floor should be in-place prior to dewatering to protect the integrity of the sub-soils.  Design of the floor should be undertaken as part of the shoring system design.

5.6 Temporary Road Protection 

The grades at the bridge will be about 2 m higher than the current grades.  The outside lanes of the bridge and embankment will be constructed first.  This will result in a 2 m grade differential across the road, with little room between lanes for the transition. It is anticipated some form of longitudinal retaining system will be used to support the new embankment fill until the remaining fill is placed down the centre of the new approach.  Details of this staging are to be left to the contractor.  It is anticipated some form of gravity wall structure or alternatively geo-membrane reinforced fills will be used to provide a nearly vertical face between the stages.

5.7 Red Flag Issues

Specific attention should be paid to un-conventional aspects of this project, as previously discussed.  The layer of cobbles and boulders just below the embankment fill will be difficult to penetrate with simple pile driving. If excavation is required below the water table, dewatering may be difficult due to the presence of the cobble and boulder layer.  The existing bridge foundation will be, at least partially, left in place.  The concrete will have to be pre-drilled (cored) prior to installation of the piles and sleeves.   Grade separations of adjacent traffic lanes during staging of the embankment and bridge construction will require roadway protection.

6 Limitations

Conclusions and recommendations presented in this report are based on the information determined at the test hole locations. Subsurface and groundwater conditions between and beyond these locations may differ from those encountered. Conditions may become apparent during construction that were not detected and could not be anticipated at the time of the site investigation.

The design recommendations provided in this report are based on the project described in the text and then only if constructed substantially in accordance with the details stated in this report.

The comments given in this report on potential construction problems and possible methods of construction are intended only for the guidance of the designer. 

Benchmarks and elevations used in this report are primarily to establish relative elevation differences between the test hole locations and should not be used for other purposes, such as grading, excavating, planning, development, etc.  

Groundwater levels indicated are based on the information described within the report.  The presence of conditions that could affect the type and scope of dewatering procedures, which may be considered, cannot be readily determined from boreholes. This includes local and seasonal fluctuations of the groundwater level, changes in soil conditions between test locations, thin and/or discontinuous layers of highly permeable soils, etc. 

The information contained within this report in no way reflects any environmental aspect of the site or soil.  

7 Closure

We trust the above addresses your project requirements at this time.  Should you have any questions or comments, please do not hesitate the contact us at your convenience.

Yours truly,

For TBT ENGINEERING

Prepared by:

Wayne Hurley, P.Eng







Vice-President, Engineering







Reviewed By

Dieter Eigenbrod, PhD., P.Eng
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Movement to Mobilize

Active Pressure Passive Pressure
Displacement, 4  Rotation, a/h Displacement, 4 Rotation, 4/h
0.001h 0.002 (about bottom of wall) 0.050h 0.100 (about bottom of wall

0.020 (about top of wall)

Notes: 1) Displacements are considered to take place without rotation.
2) his the height of retaining wall.
3) Rotation is considered to take place about a fixed point at either the top or the bottom of the wall.
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From Integral Abutment Manual, MTO Structural Office 1996
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