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FOUNDATION INVESTIGATION REPORT

for

Replacement of Key River Bridge

Highway 69, Site 44-04

W.P. 87-86-01

District 54, Sudbury
1. INTRODUCTION

This report summarises the results of a foundation investigation carried out for the proposed replacement of existing bridge over the Key River located on Highway 69 approximately 2.3 km south of Highway 552 and about 75 km south of Sudbury, Ontario.  The investigation was conducted for Stantec Consulting Ltd. on behalf of the Ministry of Transportation of Ontario.

Highway 69 passes over the Key River at approximate Station 22+080, Highway 69 chainage (ref. Drawing P1 ‘Key River Bridge: Preliminary General Arrangement’ prepared by Stantec Consulting Ltd. in July 2008).  The existing bridge is an 8-span structure on timber pile bents with a total length of about 51 m and width of 14 m.  A preliminary investigation was carried out in 2003 by Peto MacCallum Ltd. (PML Ref.: 02TF061).

The report provides subsurface information pertaining to the proposed bridge foundations and approaches within about 20 m of the abutments.

2. SITE DESCRIPTION AND GEOLOGY

The structure to be replaced carries Highway 69 traffic over the Key River.  At the location of the bridge, Highway 69 runs in the approximate south-north direction; the flow of water in the river is from east to west.  The existing approach fill embankments are about 6 m in height.

The Key River channel at the bridge is about 20 m wide.  The overall width of the river valley at this location is about 100 m.  Constructed by placing fill in the river valley, the approach embankments to the bridge are about 15 m long.  The side slopes of the embankments vary between 2H:1V and 1.5H:1V.

Selected photographs of the bridge site are shown in Appendix A.

The subject site is located within the Central Gneiss Belt of the Grenville Province.  The Grenville is a structural subdivision of the Canadian Precambrian Shield and forms the southern margin of the shield between Georgian Bay and Labrador.

The site lies within a litho tectonic subdivision of the Central Gneiss Belt known as the Algonquin Terrane and, in particular, within a sub-unit identified as the Britt Domain, just east of the Key River Pluton.

The Britt Domain comprises strongly deformed pink and grey gneisses and migmatites of igneous and supracrustal origin that have been intruded by younger plutons also further deformed and migmatised.  The bedrock is at depths of more than 30 m at the site.

3. INVESTIGATION PROCEDURES

The field work for this study was carried out during the period of July 28 to September 26, 2008 and comprised 13 boreholes drilled at the bridge and along the south approach to the depths noted in the following table:  
	Borehole No.
	Depth, m

	
	Auger 
	Cone
	Rock Core*
	Total

	RB1
	39.1
	–
	3.9
	43.0

	RB2
	38.5
	–
	2.9
	41.4

	RB3
	35.0
	–
	(
	35.0

	RB4
	35.5
	–
	(
	35.5

	RB5
	32.2
	–
	3.8
	36.0

	RB6
	33.6
	–
	2.7
	36.3

	401
	2.1
	–
	(
	2.1

	402
	5.2
	3.3
	(
	8.5

	403
	4.3
	–
	(
	4.3

	404
	4.5
	2.5
	(
	7.0

	405
	5.2
	–
	(
	5.2

	406
	8.2
	3.0
	(
	11.2

	407
	10.4
	4.5
	(
	14.9



   
* BQ diamond rock coring equipment

This report also considered the previous 7 boreholes numbered in the 300-series were also put down at the site during the preliminary investigation in 2003 (their records are attached for reference).  The approximate locations of all the boreholes are shown on Drawing RB-1.  The field work program was optimized in the proposal to consider boreholes drilled in the water for potential widening of the south approach embankment whereas the north approach embankment will not require widening.  The previous boreholes 302, 303 and 308 drilled in the approaches were considered to be representative of the subsoil conditions in and under the existing embankments.
The locations of and ground surface elevations at the boreholes were established in the field by Peto MacCallum Ltd.  All elevations in this report are geodetic and expressed in metres.  The following benchmark (BM) was used for vertical reference, with the elevation provided by Del Bosco Surveying from the MNR website:

BM:
Brass plaque set on west side of southwest corner of bridge, west side of Highway 69, south of Key River.


Elevation 181.62 (metric, geodetic)

The boreholes were advanced using continuous flight hollow stem augers, mud rotary and triconing with casing methods, powered by track- and barge-mounted CME-45 and CME-55 drill rigs, supplied and operated by specialist drilling contractors, working under the full-time supervision of a member of our engineering staff.  In view of the difficult drilling conditions caused by the coarse bouldery soils at depth, the boreholes drilled from the barge to the bedrock levels were advanced by wash boring and using telescopic techniques with BW, NW and HW casings.  Four boreholes were extended 2.7 to 3.9 m into bedrock using BQ diamond rock coring equipment.  Boreholes RB3 and RB4 were terminated on material having resistances higher than 100 blows.

Representative samples of the soil were recovered at frequent depth intervals using a conventional split spoon sampler during drilling.  Standard penetration tests were conducted simultaneously with the sampling operation to assess the strength characteristics of the substrata.  Dynamic cone penetration tests were also carried out in boreholes 402, 404, 406 and 407 put down on the west side of the south embankment to supplement the test data.  Penetrometer and in situ vane shear testing was performed to assess the shear strength of the cohesive soils.

Groundwater conditions at the borehole locations were assessed during drilling by visual examination of soil, the sampler and drill rods as the samples were retrieved and, when appropriate, by measurement of the water level in open boreholes.  The boreholes were backfilled with a bentonite/cement mixture where required in accordance with the MTO guidelines and MOE Reg. 903 for borehole abandonment procedures.

All of the recovered samples were returned to our laboratory for detailed visual examination, classification and routine moisture content determination.  Further, 10 Atterberg Limits tests, 32 grain size distribution analyses and 2 consolidation tests were conducted on selected samples, with the results presented in Figures PC-1 to PC-3, GS-1 to GS-7, C-1 and C-2.  In addition, 2 unconfined compression and 8 organic content tests were performed.  The laboratory test results are shown on the Record of Borehole sheets.

4. SUMMARISED SUBSURFACE CONDITIONS

Reference is made to the appended Record of Borehole sheets for details of the subsurface conditions including soil classification, inferred stratigraphy, boundary elevations, standard and dynamic cone penetration test data, penetrometer and in situ vane shear strength values and groundwater observations.  The results of laboratory unconfined compressive strength tests, Atterberg limits testing, grain size distribution analyses and moisture content determination are also shown on the Record of Borehole sheets.  The borehole locations are indicated on Drawing RB-1.

The stratigraphic profile along the centreline of the structure alignment and cross-sections at the abutments and piers are presented on the drawing.  The boundaries between soil strata have been established at the borehole locations only.  Between and beyond the boreholes, the boundaries are assumed and may vary.
The subsurface stratigraphy revealed in the boreholes drilled at the site for the current investigation generally comprised an organic cohesive deposit underlain by cohesionless sandy/gravelly soils interbedded with silty clay/clay mantling granitic gneiss bedrock.  Cobbles and boulders were encountered in three boreholes.  The bedrock surface was contacted at depths of 32.2 to 39.1 m in four boreholes.  The strata encountered are summarised below.

4.1 Topsoil

Surficial topsoil was present in boreholes 401, 403 and 405 put down on the east side of the south embankment.  Identified as low organic silty sand, the topsoil had a thickness of 100 to 200 mm and was penetrated at elevation 177.6 to 181.1.

4.2 Fill

Fill was present surficially in borehole 402 and below the topsoil at 0.1 m depth (elevation 177.6) in borehole 405.  The fill was composed of mixed silty sand, clayey silt and topsoil in the former borehole and of sand in the latter.  Having a moisture content of 35%, the mixed fill in borehole 402 was 600 mm thick, very loose / soft (SPT-‘N’ value of 2) and penetrated at elevation 177.4.  With a moisture content of 5%, the sand fill in borehole 405 was 800 mm in thickness, very loose in relative density (SPT-‘N’ value of 4) and penetrated at elevation 176.8.

Fill made up of cobbles and boulders was found at the bottom of the Key River at depths of 1.8 and 2.1 m (elevation 174.2 and 174.0) in boreholes RB2 and RB3 respectively.  This unit was 200 and 300 mm thick and penetrated at depths of 2.0 and 2.4 m (elevation 174.0 and 173.7).

Embankment fill was encountered in all boreholes drilled during the preliminary investigation except in borehole 305.  The fill consisted of sand in boreholes 302, 306 and 308, sand and gravel in boreholes 303, 309 and 310.  The sand / sand and gravel fill was typically loose to compact, very loose at the bottom of the unit in boreholes 302 and 310.  The moisture content of the fill was about 3 to 10%, locally up to 26%.  The embankment fill was penetrated at depths of 1.0 to 10.2 m (elevation 171.4 to 175.8).

4.3 Organic Clayey Silt / Silty Clay / Clay

A cohesive deposit of organic clayey silt, silty clay, clay was revealed at the bottom of the Key River at depths of 1.5 and 0.8 m (elevation 174.6 and 175.2) in boreholes RB6 and 406, directly below the fill at depths of 0.6 and 0.9 m (elevation 177.4 and 176.8) in boreholes 402 and 405, within sandy soils at depths of 0.2 and 5.7 m (elevation 176.2 and 170.3) in boreholes 404 and 407. The deposit had a thickness of 0.3 to 8.8 m and was penetrated at depths of 0.5 to 10.3 m (elevation 165.8 to 176.1).

This deposit was very soft to firm in consistency and had an organic content of 3.7 to 11.0% in five determinations.  The results of in situ vane testing carried out in the organic clayey silt / silty clay / clay yielded undisturbed shear strength values in a range of 9 to 42 kPa (soil sensitivity of 3 to 6).  Penetrometer tests on organic cohesive samples indicated a shear strength of 4 and 6 kPa (lower values than the actual shear strength due to sample disturbance).  Unconfined compression testing on a Shelby tube sample of the organic clayey silt gave an undrained shear strength of 11 kPa (strain at failure of 6.8%).  
The results of Atterberg limits testing, grain size distribution analyses and a consolidation test conducted on organic cohesive samples are presented in respective Figures PC-1, GS-1 to GS-3 and C-1.  The liquid limits of the organic clayey silt were 60 and 93, plastic limits of 30 and 70, with the plasticity index of 30 and 23 respectively.  The organic silty clay had liquid limits of 56 and 60, corresponding plastic limits of 30 and 27, its plasticity index being 26 and 33.  The liquid and plastic limits of the organic clay were 74 and 36 respectively, thus giving the plasticity index of 38.  The moisture content of the organic cohesive deposit varied widely between 43 and 178%.

4.4 Silty Clay / Clay

Under the water at 2.5 m depth (elevation 173.5) in borehole RB1 or within sandy soils at depths of 4.5 to 8.8 m (elevation 167.2 to 171.5) in boreholes RB1 to RB5 and 407 were layers of silty clay / clay.  These layers were 0.3 to 1.2 m, locally 4.8 m in thickness and very soft to firm in consistency.  The results of in situ vane testing carried out in the silty clay yielded an undisturbed shear strength of 24 kPa (soil sensitivity of 2).  Penetrometer tests on cohesive samples indicated a shear strength ranging from 4 to 30 kPa.  Unconfined compression testing on a Shelby tube sample of the silty clay gave an undrained shear strength of 8 kPa (strain at failure of 3.6%).  The layers were penetrated at depths of 8.4 to 10.3 m (elevation 165.7 to 167.6), locally 2.8 and 5.7 m (elevation 173.2 and 170.3).

The results of Atterberg limits testing, grain size distribution analyses and a consolidation test conducted on cohesive samples are presented in respective Figures PC-2, PC-3, GS-4, GS-5 and C-2.  With organics in boreholes RB3 to RB5 (organic content of 3.0 to 4.3%), the silty clay had liquid and plastic limits of 40 to 64 and 19 to 33 respectively, its plasticity index ranging from 21 to 34.  The clay had a liquid limit of 60 and plastic limits of 24 and 28, thus giving the plasticity index of 36 and 32.  The moisture content of the deposit varied between 52 and 92%.

4.5 Sandy/Gravelly Soils

A major stratum of cohesionless soils (silty sand, sand, gravelly sand, sand and gravel) was present at depths of 0.0 to 10.3 m (elevation 165.8 to 181.1) in all the boreholes.  Interbedded with silty clay / clay (and the organic silty clay / clayey silt in boreholes 404 and 407), this stratum was very loose to very dense (SPT-‘N’ value of 0 to 141).  The moisture content of the sandy/gravelly soils ranged from 4 to 24%.  The stratum in boreholes RB1, RB2, RB5 and RB6 had a total thickness of 21.8 to 36.5 m and was penetrated at depths of 32.1 to 39.1 m (elevation 136.9 to 144.0).  The remaining boreholes were terminated within the stratum at depths of 2.1 to 35.5 m (elevation 140.5 to 179.2).  It is noteworthy that the sand and gravel in borehole RB2 and the gravelly sand in borehole RB6 contained cobbles.

The results of grain size distribution analyses performed on 22 samples of the sand, gravelly sand, sand and gravel are presented in Figures GS-6 and GS-7.

4.6 Cobbles and Boulders

Cobbles and boulders were overlain by the gravelly sand at 32.1 m depth (elevation 144.0) in borehole RB6.  This unit had a thickness of 1.5 m and extended to a depth of 33.6 m (elevation 142.5).

4.7 Bedrock

Bedrock was contacted below the cohesionless soils at depths of 38.5 to 39.1 m (elevation 137.5 to 136.9) in boreholes RB1 and RB2 drilled on the east side of the structure and at depths of 32.2 and 33.6 m (elevation 143.8 and 142.5) in boreholes RB5 and RB6 drilled on the west side.  The bedrock surface dips towards the east at an angle of less than 10°.

The bedrock comprises pink to grey granitic gneiss.  A detailed description of the bedrock is given in Table 1.  Photographs of the rock cores retrieved are shown in Appendix B.

The measured core recovery varied between 73 and 100%.  The modified RQD determined from BQ rock cores ranged from 0 to 100%, thus indicating a very poor to excellent quality rock.

It is noteworthy that the bedrock was also reached in boreholes 302 and 308 advanced through the south and north approach embankments during the preliminary investigation.  The bedrock surface was contacted at 46.1 m depth (elevation 135.5) in borehole 302 and a depth of 40.9 m (elevation 140.6) in borehole 308.

4.8 Groundwater

Water was observed in four of the five boreholes advanced beyond the Key River.  Upon completion of drilling, groundwater was measured in boreholes 402 to 405 to be at depths of 2.0 to 3.0 m (elevation 174.4 to 176.0).

During the previous investigation, water was detected in boreholes 302 and 303 at respective depths of 6.4 and 6.1 m (elevation 175.2) in the process of augering.  Upon completion of drilling, groundwater was measured in borehole 310 to be at 3.7 m depth (elevation 174.3).  The piezometric water level was at elevation 175.2 in borehole 306 and varied between elevation 175.5 and 175.8 in borehole 308.

The water level in the river was at elevation 176.0 with a fluctuation of 0.1 m at the time of the current investigation and near elevation 176.5 during the previous investigation.
Cognisant of the water levels measured in the boreholes, the stabilised groundwater level at this site is expected to be near the water level in the Key River.  Groundwater levels may fluctuate subject to seasonal variations and precipitation patterns. 

5. CLOSURE
The field work was carried out under the supervision of Mr. M. Rapsey, Senior Technician, and direction of Mr. C. M. P. Nascimento, P.Eng., Senior Project Engineer.  The drilling equipment was supplied by Pro Core Drilling and Walker Drilling Ltd.  The testing of selected soil samples was carried out in the PML laboratory in Toronto.

This report was prepared by Mr. G.O. Degil, PhD, P.Eng., Senior Foundation Engineer, and reviewed by Mr. C.M.P. Nascimento, P.Eng., Senior Project Engineer.  Mr. B.R. Gray, MEng, P.Eng., MTO Designated Principal Contact, conducted an independent review of the report.

Yours very truly,

Peto MacCallum Ltd.
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