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FOUNDATION INVESTIGATION AND DESIGN REPORT

GULLWING RIVER BRIDGE REPLACEMENT, HWY 665, 
NEAR DRYDEN, ONTARIO

W.P. 143-94-00, SITE 41S-23

Geocres Number: 52F-29
PART 1: FACTUAL INFORMATION

1 introduction

This report presents the factual findings obtained from a foundation investigation at the Gullwing River Bridge on Highway 665, approximately 12.7 km north of the junction with Highway 17, near Dryden, Ontario. 

The purpose of the investigation was to explore the subsurface conditions at the site and, based on the data obtained, to provide a borehole location plan, borehole logs, stratigraphic profile and cross-sections and a written description of the subsurface conditions.  A model of the subsurface conditions was developed based on the data obtained in the course of the present investigation.

Thurber carried out the investigation as a sub-consultant to Cook Engineering, under the Ministry of Transportation Ontario (MTO) Agreement Number 6005-A-000205.

2 site description

The bridge site is located on Highway 665 at the crossing of the Gullwing River and is located approximately 12.7 kilometres north of the junction of Highway 17, near Dryden, Ontario.

The general site area is located within the physiographic region known as the Severn Upland of the Canadian Shield, and is characterized by rounded knobs and ridges of Pre-Cambrian bedrock and  depressions occupied by lakes and swamps. The relief is typically less than 50 m in this region.  Locally, the site lies in a shallow valley surrounded by rolling terrain with soils characterized by Lake Agassiz glaciolacustrine deposits.  

The local surface drainage at the site is towards the Gullwing River.  At this location, the Gullwing River is a relatively low energy stream with well developed meandering morphology.  The river flows in a southwest direction.

The area to the south is generally farmland, mostly pasture, and there are scattered houses and buildings distributed along Highway 665.  North of the site there is a mixture of farmland and forested land with fewer buildings.

3 SITE INVESTIGATION AND FIELD TESTING

The site investigation and field testing for this project were carried out in two stages, June 23 to June 29, 2003 and completion of bedrock coring at BH03-1 on July 22, 2003.  The site investigation consisted of drilling and sampling a total of eight sampled boreholes to depths ranging from 6.7 to 40.3 m.  Bedrock core samples were obtained from 5 of the boreholes.  The approximate locations of the boreholes are shown on the attached Borehole Locations and Soil Strata Drawing.  Elevations are assumed and are referred to the local BM located at 15+263.6 Elevation 100.715.
The borehole locations were marked in the field and utility clearances were obtained by Thurber prior to any drilling being carried out.

Paddock Drilling Limited of Thunder Bay, Ontario supplied a drill rig mounted on a balloon-tired carrier (skidder) and conducted the drilling, sampling and in-situ testing operation.  Auger drilling and wet-rotary techniques were used to advance the boreholes and samples were obtained at selected intervals using a split spoon sampler in conjunction with Standard Penetration Testing (SPT).  Thin walled tube samples were collected from the soft, cohesive deposits in two boreholes, and in-situ vane shear tests and Dynamic Cone Penetration Tests (DCPT) were carried out in selected areas.  Five of the boreholes, BH 03‑1, and BH03-3 through BH03-6, were advanced 3 m into bedrock by diamond coring.

Standpipe piezometers were installed in the two deep boreholes drilled at the foundation elements to allow monitoring of groundwater levels.

The drilling and sampling operations were supervised on a full-time basis by a member of Thurber’s technical staff.  The supervisor logged the boreholes and the recovered samples and processed the samples for transport to Thurber’s Oakville office.

Artesian pressures were encountered near the bedrock interface in BH03-1, and on completion of drilling and sampling, all boreholes were decommissioned by grouting with cement/bentonite grout for their entire length, which successfully sealed off the artesian flow.
4 laboratory testing

All recovered soil samples were subjected to Visual Identification (VI) and to natural moisture content determination.  The results of this testing are shown on the Record of Borehole sheets in Appendix A.

Selected samples were subjected to gradation analysis (MTO LS702) and Atterberg Limit testing according to MTO LS703.  A total of 13 samples were selected for these tests and the results are shown on the Record of Borehole sheets in Appendix A and on the plots in Appendix B.

Two samples of the varved foundation clay, from BH03-02 at 10.7 to 11.3 m depth and at 16.8 to 17.4 m depth, were selected for one-dimensional consolidation testing according to ASTM 2435.  The results of these tests are included in Appendix B.

5 description of subsurface conditions

Details of the encountered soil and rock stratigraphy are presented in Appendix A and on the attached “Borehole Locations and Soil Strata” Drawing.  A generalized description of the stratigraphy is given in the following paragraphs.  Reference should be made to the Record of Borehole sheets in Appendix A for detailed subsurface conditions at the borehole locations.

In general terms, the existing bridge site was found to be underlain by the existing embankment fill or topsoil overlying an approximately 1.4 to 4 m thick layer of firm silty clay.  The lower portion of this layer grades to a mixture of silt and sand at BH03-1, BH03-2, BH03-5, BH03-6 and BH03-7.  This sequence in turn rests on a deposit of soft to very soft, varved silty clay overlying Pre-Cambrian bedrock. The surface of the bedrock dips steeply in a southeasterly direction.  The elevation of the bedrock surface drops about 27.6 m between BH03-6 and BH03-1 over a horizontal distance of about 36 m.  A sand and gravel layer with artesian groundwater pressure was encountered directly overlying the bedrock at BH03‑1.

5.1 Topsoil

Surficial topsoil and organic soils were encountered in Boreholes BH03-5, BH03-7 and BH03‑8, which were drilled near the toe of the embankment.  The balance of the boreholes were drilled through the existing road embankment, and generally did not encounter topsoil, except for a buried topsoil layer encountered beneath the fill in BH03-4.

The thickness of topsoil and organic deposits encountered during the investigation varied from 0 to 1200 mm and are summarized in Table 1.

TABLE 1: ORGANIC SOIL THICKNESS

	Borehole
	Topsoil thickness (mm)
	Comments

	BH03-4
	600
	Buried clay/peat layer

	BH03-5
	50
	

	BH03-7
	75
	

	BH03-8
	1200
	Mixture of peat and clay


Topsoil thickness may vary between and beyond borehole locations and may be thicker in places than encountered at the borehole locations.

5.2 Embankment Fill

Embankment fill was encountered at BH03-1 through BH03-4, and varies in thickness from 2.7 m to 3.4 m.  The upper 0.3 to 1.5 m of the fill is generally comprised of sand and gravel with cobbles. Beneath the granular materials, silty clay fill was encountered.  The Standard Penetration Test (SPT) blow count in the silty clay fill ranged from 9 to 10 blows/300 mm indicating a stiff consistency.  The water content in the granular fill ranged from 4 to 5 % and in the clay fill, the water content ranged from 20-30%.
5.3 Firm to Stiff Silty Clay

At all boreholes except BH03-4 and BH03-8, a layer of firm to stiff, brown to grey, silty clay with some sand was encountered beneath the topsoil or the embankment fill. Where encountered, the measured thickness of the firm clay/silt layer ranged from 1.4 m at BH03‑1 to 4.1 m at BH03‑3.  This bottom of this layer typically extends to between 94.3 and 97.5 m local site elevation where encountered.  

The SPT values obtained in this unit range from 3 to 8 blows for 0.3 m of penetration, with a mean value of 4 indicating a firm to stiff consistency.  The soil is cohesive and has low to medium plasticity.  The deposit is generally described as silty clay or clayey silt with trace sand to some sand.  The natural moisture content was generally found to range between 19 and 43%.  The soil is brown in colour and transitions to grey with increasing depth.  The lower boundary with the underlying silt and sand unit described in the following section is gradational.  

5.4 Silt and Sand

A very loose to loose mixture of fine sand and silt with trace to some clay was encountered beneath the firm silt clay at the boreholes south of the river (BH03-1, BH03-2, BH03-5 & BH03-7) and at BH03-6. The measured thickness of this unit varies from 0.9 to 3.1 m and the lower boundary is located between 94 m and 95 m local site elevation at the borehole locations.  
The SPT N-values in this deposit vary from 2 to 7 indicating a very loose to loose consistency and the soil is non-plastic. The soil is generally described as sandy silt or silty sand with trace to some clay, occasional wood fibres, rootlets and organics.  The natural moisture content varies from 19% to 54%. The upper portion of the soil is grey in colour, or sometimes brown becoming grey with increasing depth.
5.5 Varved Clay

Below the soils described above, a relatively extensive deposit of varved silty clay was encountered in all boreholes.

The measured thickness of the varved clay layer ranged from 2.7 m at BH03-6 to 29 m at BH03-1.  The elevation of the bottom of the varved clay varies from 91.8 m at BH03-6 to 64.2 m at BH03-1.

The SPT values ranged from 1 to 5 blows for 0.3 m of penetration.  The soil is cohesive and has low to medium plasticity.  The vane shear tests indicate undrained shear strengths of the clay ranging from 21 to 42 kPa and can be described as soft to firm.  The soil has low sensitivity, and has a measured sensitivity ratio less than 3.  The soil is generally described as rhythmically laminated (varved) silty clay.  The varved structure is comprised of 3 to 5 mm thick silt laminations interbedded with 20-25 mm high plastic clay layers.  The natural moisture content was found to range between 27 and 80%.  The deposit is described as wet and is grey in colour.

Two consolidation tests were carried out on undisturbed samples of the clay collected from BH03‑2 (10.7 to 11.3 m an 16.8 to 17.4 m depth). The results of the tests are summarized in Appendix C.  The consolidation parameters are summarized below in Table 2.
TABLE 2: CONSOLIDATION TEST RESULTS

	Borehole
	Sample
	Insitu
	w
	eo
	p’
	OCR
	Cc
	LL

	
	Depth (m)
	Sigma

(kPa)
	(%)
	
	(kPa)
	
	
	

	BH03-2
	11
	100
	59.3
	1.62
	98
	1.0
	0.9
	38

	BH03-2
	17
	138
	70.8
	1.95
	125
	0.9
	1.3
	48


5.6 Lower Sand

The deepest borehole BH03-01, encountered a lower layer of sand with gravel and occasional cobbles below the varved clay described in the preceding section.  The dynamic cone test (DCPT) at BH03-02 encountered a 0.7 m thick layer of compact material overlying the bedrock. It is inferred from the DCPT data that the sand layer could be present at BH03-2 also.

This lower sand comprises a comparatively thin layer on top of the bedrock with a measured thickness of about 0.7 m.  The underside of the lower sand layer is at about 64.2 m local site elevation.

Based on DCPT values ranging from 20 to greater than 100 blows for 0.3 m of penetration, the lower sand is described as compact to dense.  The higher blow counts may be attributed to the cone deflecting along the sloping bedrock.  The soil is well sorted and is described as sand, fine to medium grained, some gravel and is non-cohesive.  The drilling resistance indicated the presence of cobbles or boulders.  The sand is described as wet and is brown in colour.

5.7 Bedrock

The soils described above were found to be underlain by granite bedrock of the Pre-Cambrian Canadian Shield.  The bedrock was proved by coring in boreholes BH03-01 and BH03-3 through BH03-6.  The bedrock surface was inferred from refusal to cone penetration in BH03-2.

The rock is described as white to light grey granite with finely disseminated mafic mineralization.  Minor staining was evident in the fractures and the bedrock is considered slightly weathered.  Core recovery values were 100% and RQD values ranged from 80 % to 100 %.

The bedrock surface was encountered at the elevations shown in Table 3.
TABLE 3:  BEDROCK SURFACE ELEVATION

	Borehole
	Bedrock Elevation

	BH 03-1
	64.2

	BH03-2
	66.7

(Inferred from dynamic cone test.)

	BH03-3
	85.3

	BH03-4
	79.2

	BH03-5
	77.7

	BH03-6
	91.8


5.8 Groundwater
Artesian groundwater was encountered in BH03-1, resulting in heave of sand into the casing.  An artesian head to about elevation 102.7 m and flowing conditions were noted during removal of the casing from BH03-1A.

The groundwater level data recorded in the piezometers at this site is shown in Table 4 below.  Based on conditions observed during drilling it appears that the piezometeric levels had not stabilized by Sept 2, 2003.  Water levels may rise further with time and seasonal fluctuations up to the native ground-surface should be expected.
TABLE 4: PIEZOMETER READINGS
	Date
	Depth to Groundwater Surface

	
	BH 03-1
	BH 03-3

	
	Depth (m)
	Elev (m)
	Depth (m)
	Elev (m)

	June30/03
	-
	-
	-
	-

	July 22/03
	17.92
	83.58
	9.79
	91.71

	Sept. 02/03
	destroyed
	10.62
	90.88
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6 introduction

This report presents the interpretation of the geotechnical data in the factual report and presents geotechnical design recommendations to assist the design team to select and design a suitable foundation system and approach fills for the proposed replacement structure and detour structure.

The discussion and recommendations presented in this report are based on our understanding of the project and on the factual data obtained in the course of the investigation.  We understand that two alternatives are under consideration:

1) Reconstruct new bridge on the existing alignment with a temporary detour to the west

2) Construct bridge on new alignment to the west of the existing.

For construction on the existing alignment, we understand that the project will consist of the following stages:
· Construction of temporary abutments on the same centrelines as the permanent abutments and west of the existing structure
· Construction of a modular bridge on the temporary abutments
· Detouring of traffic onto the temporary alignment
· Removal of the existing super-structure and sub-structure, as required
· Construction of permanent new abutments 
· Relocation of the modular bridge onto permanent abutments
For construction on the new alignment, we understand that the project will consist of the following stages:
· Construct new foundation and bridge on new alignment to west of existing bridge

· Construct new approach fills

· Divert traffic onto new alignment

· Abandon and demolish existing bridge

7 STRUCTURE FOUNDATIONS

The proposed detour and permanent bridges for this site will consist of a modular single-span structure with two abutments.  The existing bridge is supported by 5 bents of wooden piles and has a length of about 25 m.  The centreline of the detour will be located approximately 9 m west of the existing bridge centreline. 

7.1 Foundation Alternatives

This section discusses the feasible foundation alternatives, provides geotechnical design parameters and recommends a preferred foundation scheme. The stratigraphy encountered at this site consists of 6.8 to 34.5 m of relatively weak, highly compressible, cohesive overburden deposits overlying bedrock.  The bedrock surface dips steeply from the northwest to southeast, dropping 27.6 m vertically over a horizontal distance of 36 m
Initial consideration was given to the following foundation types for each of the bridges:

· Spread footings

· Driven and socketed steel H-piles 
· Drilled caissons

· Driven timber friction piles

The advantages and disadvantages associated with each foundation type are summarized in Table 5 on the following page.  Based on the options described in the table, the most feasible options appear to be timber friction piles for the detour and existing alignments.  Socketed H-piles are recommended if the permanent alignment is offset to the west of the existing alignment.  Cassions are not recommended because of the potential for encountering difficult construction conditions.
7.1.1 Spread footings

The compressible foundation soils are considered to be unsuitable for the support of permanent bridge foundations on shallow spread footings because of the potential for relatively large settlements beneath the foundations.  For temporary footings, the factored ULS geotechnical resistance for a 3 m by 8 m wide footing placed at the existing grade and set back a minimum of 3 m horizontally from the riverbank is calculated to be 75 kPa.  The SLS resistance for this configuration would be 50 kPa.  The geotechnical resistance is influenced by the shape of the footing and should be reviewed if the footing configuration is modified.  The footings will be affected by settlement of the detour approach embankments, and the expected consolidation settlement within 1-2 weeks after placement of the fill would be 50 mm.  The settlement is expected to increase to in the range of 150 mm to 200 mm by 1 year.
TABLE 5:  FOUNDATION OPTIONS

	Foundation Type
	Bridge on Existing Alignment
	Bridge on New Alignment

	
	Advantage
	Disadvantage
	Advantage
	Disadvantage

	Spread Footings
	· Lower Cost
	· Potential consolidation settlement
	· Lower Cost
	· Larger settlement than at existing alignment

· Foundation treatment required (preload)

· Possible lateral movements related to fill placement

	Timber Friction Piles
	· Lower Cost
	· Limited axial resistance

· Consolidation Settlement
	· Lower Cost
	· Limited axial resistance

· Larger Settlements, foundation treatment required
· Possible lateral movements related to fill placement

	End bearing H-Pile
	· High resistance

· Low settlement
	· Higher cost

· Socketing/installation on steeply sloping bedrock
	· High resistance

· Low settlement
	· Higher cost

· Seating/installation on steeply sloping bedrock
· Low lateral Resistance where bedrock is shallow

	Socketed Cassion
	· Potential for higher resistance than H-piles
· Low settlement


	· Higher cost

· Difficult installation in saturated sand layers
	· Potential for higher resistance than H-piles
· Low settlement


	· Higher Cost

· Difficult installation

· Possible Lateral movement related to fill placement


7.1.2 Pile Foundations

Driven H-piles fitted with rock points would be suitable if the rock surface was horizontal or dipping moderately.  However, these conditions cannot be established from the available borehole information and the possibility of steeply dipping bedrock under the foundation elements must be recognized.  Therefore, unless a more intensive supplementary investigation is conducted to delineate the bedrock surface, the selection of driven H-piles with rock points is not recommended.

If H-piles are selected for the foundation system, it is recommended that pre-drilling, by coring or churn drilling into bedrock, be carried out to socket the piles into the bedrock.  Pre-drilling at this site will require the installation of a temporary liner to keep the hole open and to allow the socket to be cleaned out.  After installation of the pile in the socket, it is recommended that the socket be grouted, preferably by tremie techniques.  This process is also difficult to control and its success is dependent on the expertise and experience of the contractor carrying out the work.  Socketed H-piles are therefore not recommended if an alternate foundation system is feasible.

For a detour bridge with new approach fills, timber friction piles with a minimum spacing of 1.5 m are considered feasible provided the estimated settlement shown in Figure 1 can be tolerated.  If the detour fill is left in place longer than 1 year, the estimated settlement magnitude and differential settlement of the piles may exceed the values provided in Figure 1. The length of the piles will depend on the required capacity and the maximum settlement that can be tolerated during the service life of the detour.  Design parameters for friction piles at the west detour alignment are provided in Figure 1.  If this system is selected, allowance should be made for possibly jacking and shimming the bridge during the course of its service as a detour.
For new bridge foundations on the existing alignment, timber friction piles could be used provided that the toe of the detour approach fills are set-back a minimum horizontal distance of 5 m from the piles to reduce the likelihood of settlement, as shown in Figure 2.  This constraint will require the use of approach spans from the fill to the modular structure.  
All pile construction should be in accordance with the special provision 903SO1.

7.2 Pile Resistance

7.2.1 Timber Friction Piles

Timber Friction piles at the existing alignment can be designed using the resistances shown in Figure 1.  The tips of the piles should be installed no lower than 1.5 m above the bedrock surface.  The calculated pile resistance are for a pile diameter of 0.3 m and a minimum pile spacing of 5 pile diameters measured centre to centre.
7.2.2 End Bearing H-piles

Steel H-piles bearing in sound bedrock at this site may be designed on the basis of the following factored, vertical, geotechnical resistances at ULS:
· 2,000 kN for HP 310 X 110

· 2,400 kN for HP 310 X 132
The SLS condition will not govern for piles founded in bedrock. The pile tip elevations will vary over short horizontal distances depending on the final pile location.  
7.3 Rock Socket Design

The following recommendations are provided for design of rock sockets.

· Length of rock socket should be calculated using a ULS bond stress of :

0.05 x Compressive Strength of grout





· The factored ULS geotechnical resistance equals the bond stress multiplied by the sidewall area of the socket.    
· minimum length of rock socket should be 0.5 m.  

· sockets should be cleaned of all cuttings and loose material prior to placing grout

7.4 Pile Spacing

For piles that are end-bearing on bedrock, the vertical resistance will not be significantly affected by the pile spacing.  However, it is recommended that a minimum centre-to centre spacing of 750 mm be maintained, as provided in the CHBDC.
Timber friction piles should have a minimum centre to centre separation of 1.5 m.
7.5 Downdrag

Downdrag forces associated with consolidation of the soft foundation clay deposits under the weight of the 2.5 m high approach fills are expected to be significant issue at this site.  Preliminary estimates of the downdrag effects, per pile, are as follows:

TABLE 6: DOWNDRAG FORCES

	
	HP 310 X 110
	HP 310 X 132

	Estimated downdrag force
	1,200kN
	1,200kN

	Factored downdrag force

(f = 1.25)
	1,500kN
	1,500kN

	Factored structural resistance at ULS
	2,800kN
	3,350kN

	Permissible factored dead load (f = 1.2)
	1,300kN
	1,850kN

	Permissible dead load
	1,080kN
	1,540kN


Since there is only a 2% difference in the perimeter of the two pile types, the same values should be used for downdrag in each case.

It should be noted that it is not considered feasible to eliminate the downdrag force through surcharging or acceleration of settlements with wick drains at this site.

7.6 Lateral Resistance of Piles

The lateral resistance of the piles may be calculated using a value of 10 MPa/m for the modulus of horizontal subgrade reaction above Elev 95 m.  Below this elevation, a modulus of subgrade reaction of 5 MPa/m should be applied.

The estimated value of the factored ULS lateral earth pressure considering the native cohesionless soils above 95 m elevation and the cohesive deposits at depth may be calculated using the following:





Above 95 m elevation

Kp = 2.9




Below 95 m elevation

72 kPa
These values may be used with respect to the pile and the pile cap if the pile cap is embedded in the native soil.  However, if the pile cap is surrounded by backfill, a value should be selected from the table in Section 9.

7.7 Frost Cover

Pile caps should be provided with a minimum of 2.6 m of soil cover as frost protection.  

7.8 Sulphate

The analytical tests for sulphates in the native soil at the site indicate levels less than or equal to 100 ppm.  The results of the analyses are included in Appendix B.

8 excavation

All excavation must be carried out in accordance with the Occupational Health and Safety Act (OHSA).  For the purposes of the OHSA, the native clay and silt at this site and any earth fill are classed as Type 3 soils.

The native soils are primarily fine-grained with seasonal high water-table expected to be near the ground surface.  The Contractor should be alerted to the possible need for dewatering of the excavation.  Dewatering system design should be carried out by the Contractor, but pumping from sumps and use of granular filter layers may be suitable based on the existing subsurface data.
9 APPROACH embankments 

The 2.5 m high approach embankments for the detour structure will be constructed over a 7 to 34 m deep deposit of soft, compressible soils overlying bedrock.

Approach embankment construction along the detour using earth fill or rock fill would be feasible on the foundation soils encountered at this site.  Significant settlement of the foundation soils will occur under additional loading imposed by the approach embankment fill and will likely continue for many years following construction.  Wick drains and surcharging could be employed to accelerate primary consolidation, but secondary consolidation will still occur over an extended period of time.
9.1 Settlement

Settlement of the foundation soils will result from construction of the detour embankment.  The settlement magnitude and rates were calculated for placement of an additional 8 m wide strip of fill; placed to 2.5 m above the existing site grade, and extending up to the proposed abutment location.  Settlement was calculated at each of the borehole locations BH03-1 through BH03-6 at the detour and permanent abutment locations. 
The settlement analysis was carried out using 1‑dimensional consolidation formulation with stresses calculated for an elastic half-space.  The consolidation test parameters were based on the test results in Table 2 and were adjusted for void ratio changes with depth..  The analysis also considered incomplete longer term consolidation associated with construction of the original embankment, assuming that the existing embankment has been in place for about 50 years (Highway 665 formerly Highway 119 dates from about 1956).  The results of the settlement analysis are included in Appendix C.
To summarize the analysis, the ultimate primary settlement is about 250 to 500 mm with the maximum settlement expected to occur near the west edge of the existing south bridge abutment.  The calculated time to achieve 90% consolidation depends on the depth of clay, and is about 10 years at the north abutment and 50 years at the south abutment without drainage enhancement (wick drains).  The analysis indicates that the initial settlement rates at the north abutment may be 50 to 150 mm in 15 days immediately following placement of the fill, and slower where thicker deposits are present at the south abutment.  
The following recommendations are provided to reduce problems associated with the expected settlement:

· The toe of the detour embankment fill should be set-back a minimum horizontal distance of 5 m from permanent timber friction piles to reduce load on the piles and settlement, as shown in Figure 2.

· The detour approach fill should be removed after completion of the permanent bridge to reduce long term settlement.
· Periodic maintenance or grading of the permanent approach fills may be required for 1 year following removal of the detour fills.

· The post-construction settlement could be reduced by application of a preload and installation of wick drains within the detour embankment footprint.  However, this method may result in settlements at the existing bridge abutments of up to 500 mm as described above.   

9.2 Stability

The global, internal and surficial stability of the approach embankment fill will depend on the slope geometry but also to a large degree on the material used to construct the embankment.  Embankments constructed using granular material, select subgrade material and compacted earth-fill materials will have stable side slopes at inclinations of up to 2H:1V.  

Global stability analyses were conducted for the sideslopes of 2H:1V earth fill embankments to 3 m height, and the factor of safety against global failure was greater than or equal to 1.5.  If the embankment is constructed of blast rock fill, it may be assumed that the side slopes will be stable at inclinations up to 1.25H:1V.  
An undrained strength analysis was carried out for the embankment headslope using a minimum horizontal setback of 3 m between the toe of the detour approach fills and the break in slope of the river bank.    The analysis indicates that the maximum height of the detour embankment should be at Elevation 101 m or less to maintain an acceptable level of global stability (Factor of Safety >1.3) during undrained loading conditions.  Also, a minimum 3 m horizontal set-back should be provided between the top of bank and the toe of the embankment head slope on both sides of the river.  The break in slope is defined by the 99 m contour on the south side of the river and the 97.5 m contour on the north side.  A plot of the output of the stability analysis is included in Appendix D.
It is recommended that the topsoil be stripped prior to construction of the approach fills.  Earth and rock fill should be placed in accordance with OPSS 206.  
10 Earth pressure

Earth pressures acting on the structure should be computed in accordance with Clause 6.9 of the CHBDC but generally are given by the following expression:



Ph = K*((h + q)

where
Ph = horizontal pressure on the wall (kPa)


K = earth pressure coefficient (see below)


( = unit weight of retained soil (typically 21 kN/m3)


h = depth below top of fill where pressure is computed (m)


q = value of any surcharge (kPa)

In accordance with Clause 6.9.3 of the CHBDC, a compaction surcharge should be added.  The magnitude should be 12 kPa at the top of fill and decreasing to 0 kPa at a depth of 2.0 m for Granular B Type I or 1.7 m for Granular A or Granular B Type II. Earth pressure coefficients for backfill to the abutment wall are dependent on the material used as backfill.  Typical values are shown in the following table.
TABLE 7: EARTH PRESSURE COEFFICIENTS

	Condition
	Earth Pressure Coefficient (K)

	
	OPSS Granular A

( = 35(
	OPSS Granular B Type II

( = 35(
	OPSS Granular B Type I

( = 30(

	
	Horizontal Surface Behind Wall
	Sloping Surface Behind Wall

(2H:1V)
	Horizontal Surface Behind Wall
	Sloping Surface Behind Wall

(2H:1V)
	Horizontal Surface Behind Wall
	Sloping Surface Behind Wall

(2H:1V)

	Active (Unrestrained wall)
	0.27
	0.40*
	0.27
	0.40*
	0.33
	0.55*

	At rest 

(Restrained wall)
	0.43
	-
	0.43
	-
	0.5
	-

	Passive (Movement Towards Soil Mass)
	3.7
	-
	3.7
	-
	3.0
	-


* For wing walls.

The factors in the table above are “ultimate” values and require certain movements for the respective conditions to be mobilized.  The values to use in design can be estimated from Figure C6.9.1 (a) in the Commentary to the Canadian Highway Bridge Design Code.

construction concerns

During construction, the Contract Administrator should employ experienced geotechnical staff to observe construction activities related to foundation construction.

Potential construction concerns include, but are not necessarily limited to:

· Construction difficulties may be encountered when sealing the annulus between casing and the sloping bedrock surface and inflow of sand into the socket under artesian pressure.  A suitable pile installation method should be selected to control artesian flows and loss of material from outside the casing.
· Settlement of temporary or permanent structures may result from placement of new approach embankments.  The settlement of the existing and new structure should be monitored during and after construction.

· Heavy loads, such as a crane, applied to the embankment during construction may adversely affect the stability of the embankment headslope.  The global stability of the headslope should be checked once the construction method is finalized.

Appendix A

Record of Borehole Sheets

Appendix B

Laboratory Test Results

Appendix C

Settlement Analysis
Appendix D

Stability Assessment
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