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1.0 INTRODUCTION 

Golder Associates Ltd. (Golder) has been retained by LEA Consulting Ltd. (LEA) on behalf of 
the Ministry of Transportation, Ontario (MTO) to provide foundation engineering services for the 
detail design of the replacement of the southbound structure carrying Highway 11 over the 
Vernon Lake Narrows in Huntsville, Ontario. 

The terms of reference for the scope of work are outlined in Golder’s proposal P51-1687, dated 
November, 2005, that forms part of the Consultant’s Agreement (P.O. Number 5004-E-0070) for 
this project.  The work was carried out in accordance with the Quality Control Plan for this 
project dated May 16, 2006.  The general arrangement drawing for the bridge structure was 
provided to Golder by LEA in July 2006.   

The investigation was supplemented with information contained in the available existing data 
supplied by the MTO and LEA, specifically: 

• Preliminary Design Report, Vernon Lake Narrows, Site 42-018, Highway 11 NBL and SBL, 
Huntsville Area, G.W.P. 94-89-00, March 2005, by Stantec Consulting Ltd. (Includes 
Preliminary Foundation Report by Peto MacCallum Ltd. in Appendix E). 

• Pile Driving Records (Pile 4-10 and Pile 9), Contract 77-130, by Ministry of Transportation, 
dated June 1978. 

• Contract Drawings, Structure and Approaches, Vernon Lake Narrows Bridge (Northbound 
Lane) 1.7 Miles South of Highway 60, W.P. 74-74-03 Contract No. 77-130, Ministry of 
Transportation and Communications, dated October 1977. 

• Foundation Investigation Report for W.P. 74-74-03, Site No. 42-18N, Hwy. 11 District 11, 
Vernon Lake Narrows, N.B. Lane 1.7 Miles South of Hwy 60, Ministry of Transportation and 
Communications, dated January 1976. 

• Contract Drawings, Vernon Narrows Bridge, Contract Number 57-32, by T.O. Lazarides, 
Lount and Partners Consulting Engineers, March 1956. 

• Foundation Investigation, Vernon Narrows Bridge, by Peto MacCallum Ltd., December 
1955. 
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2.0 SITE DESCRIPTION 

The site is situated on the west side of the Town of Huntsville, on Highway 11 crossing Vernon 
Lake Narrows as shown on Drawing 1.  The bridge is located between Vernon Lake in the west 
and Hunters Bay in the east.  The road grade rises up to about 10 m on the south and north sides 
of the Narrows.  The surrounding land is mainly used for residential development, with grass and 
tree cover extending beyond the limits of the site.  The banks adjacent to the lake are vegetated 
with grass and small shrubs.  The lake is used mainly for recreation and is approximately 210 m 
wide at the crossing location.   

The existing southbound lane (SBL) bridge was constructed between 1957 and 1960.  It currently 
has nine spans with eight in-water piers and will be replaced with a five-span structure with four 
in-water piers.  The existing bridge is founded on piles driven to bedrock.   

The highway grade is at about Elevation 294 m and 293 m at the existing south and north 
abutments, respectively.  The water level in the lake was measured at approximate Elevation 
284.1 m (July and August 2006) as indicated on the General Arrangement drawing.  Previous 
drawings from 1977 indicate water levels as low as Elevation 283.9 m. 



July 2007 - 3 - 06-1191-001-S 
 

Golder Associates 

3.0 INVESTIGATION PROCEDURES 

The fieldwork at the bridge site was carried out in two stages: six (6) boreholes (BH06-11 and 
BH06-12, BH06-17 to BH06-19 and BH06-24) were drilled on land; and eight (8) boreholes 
(BH06-13 to BH06-16 and BH06-20 to BH06-23) were drilled over-water.  The land-based work 
was carried out between June 26 and July 6, 2006, and the water-based work was carried out 
between July 24 and August 18, 2006.  The location and elevation of these boreholes are shown 
on Drawing 1 and noted on the respective Record of Borehole and Drillhole Sheets. 

The land-based field investigation was carried out using either a track-mounted D-50 Bombardier 
drill rig or a truck-mounted D-90 Bombardier drill rig supplied and operated by Walker Drilling 
Ltd. (Walker) of Utopia, Ontario.  The boreholes were advanced using 108 mm inside diameter 
(I.D.) continuous flight hollow stem augers as well as wash boring methods using ‘NW’ casing. 
Soil samples were obtained at 0.75 m to 1.5 m intervals of depth, using a 50 mm outer diameter 
(O.D.) split-spoon sampler in accordance with Standard Penetration Test (SPT) procedures with 
an automatic hammer.  Shelby tube samples and in situ vane (‘N’ vane) tests were taken in 
cohesive deposits at some borehole locations.  Rock core samples were obtained using an ‘NQ’ 
size rock core barrel.   

The water-based field investigation was carried out using a D-90 Bombardier drill rig mounted on 
a barge.  The rig was supplied by Walker while the barge was supplied by Kashe Barge Services 
of Gravenhurst, Ontario.  These boreholes were advanced by wash boring methods using NW 
casing and rock coring using ‘NQ’ size rock core barrel.  Tri-cone methods were used to advance 
the boreholes at some locations.  Soil samples were obtained from 0.75 m to 1.5 m intervals of 
depth, from the tip of the casing.     

The land-based boreholes were advanced to depths ranging from 15.5 m to 25.3 m below the 
existing ground surface.  The water-based boreholes were advanced to depths ranging from 
15.6 m to 26.6 m below the water surface at the time of drilling.  A minimum of 3 m of rock core 
was obtained from seven of the boreholes drilled at this site, while six boreholes were terminated 
on practical refusal to auger or split spoon advance and one borehole was terminated at a depth of 
about twice the embankment height.  

The groundwater conditions in the open boreholes were observed during the drilling operations 
and piezometers were installed in two land-based boreholes, BH06-11 and BH06-19, near the 
south and north abutments, respectively, to permit monitoring of the groundwater level at these 
locations.  The piezometers consisted of a 50 mm outside diameter rigid PVC tubing with a 1.5 m 
long slotted screen, sealed within the sandy silt and/or the clayey silt/silt stratum.  The boreholes 
and piezometers (after the last water level was obtained) were backfilled with bentonite and/or 
cement bentonite grout as per Ontario Regulation 128 (amendment to O. Reg. 903).  The 
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installation details and water level readings are presented on the Record of Borehole sheets that 
follow the text of this report. 

The soil cuttings from the land-based boreholes were distributed along the slopes of the 
embankments.  The wash water from the water-based boreholes was pumped into a settling tank 
which was subsequently pumped onto shore behind a silt fence. 

The fieldwork was supervised throughout by members of our engineering and technical staff, who 
located the boreholes, arranged for the clearance of underground service locations, supervised the 
drilling and sampling operations, logged the boreholes, and examined and cared for the soil 
samples.  The samples were identified in the field, placed in appropriate containers, labelled and 
transported to our Sudbury geotechnical laboratory where the samples underwent further visual 
examination and laboratory testing.  All of the laboratory tests were carried out to MTO and/or 
ASTM Standards as appropriate.  Classification testing (water content, Atterberg limits and grain 
size distribution) was carried out on selected samples.  Two one-dimensional consolidation 
(oedometer) and three unconfined compression tests were carried out on Shelby Tube samples 
from three boreholes.  In addition, point load strength and unconfined compressive strength tests 
were carried out on selected portions of the bedrock cored from the boreholes. 

It should be noted that the location of the existing watermain, which crosses the bridge alignment 
under the lake channel to the west of and under the bridge, was coordinated by LEA. 

The locations of the proposed foundation elements were laid out in the field by Golder staff 
relative to the existing bridge foundation units and in reference to the general arrangement 
drawing supplied by LEA.  The as-drilled locations were measured in reference to the existing 
bridge abutments and piers.  The ground surface elevation of the boreholes on land were surveyed 
relative to working points on the bridge abutments and referenced to geodetic datum.  The 
boreholes in the water were referenced to the lake water level at the time of drilling, which was 
referenced to the bridge pier foundations of known elevation.     
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4.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS 

4.1 Regional Geology 

Published literature indicates that the site is located in the Huntsville Domain of the Algonquin 
Terrane, which is located in the Grenville Province of the Canadian Shield (Geology of Ontario; 
OGS Special Volume 4).  The bedrock of this domain consists of thin sheets of shallow dipping 
orthogneiss (i.e. having igneous origins) with interleaves (1 cm to 10 cm thick) of flaggy high 
grade gneisses and tectonites.  The site occurs within an area mapped as flaggy layered gneiss, 
which is considered to have plutonic and sedimentary origins.  The rock has been metamorphosed 
to the granulite facies (high temperature and pressure).  Steeply dipping shears are common 
within the area and are typically dipping in the east-northeast direction.  

4.2 Subsoil Conditions 

The detailed subsurface soil and groundwater conditions, as encountered in the boreholes 
advanced during this investigation, together with the results of the laboratory tests carried out on 
selected soil samples, are given on the attached Record of Borehole and Drillhole sheets 
following the text of this report.  The stratigraphic boundaries shown on the Record of Borehole 
sheets are inferred from non-continuous sampling and observations of drilling progress and 
cuttings.  These boundaries, therefore, represent transitions between soil types rather than exact 
planes of geological change.  Further, subsurface conditions will vary between and beyond the 
borehole locations.  The inferred soil stratigraphy based on the results of the boreholes at the 
bridge location is shown on Drawings 1 to 3.  

In general, the subsoils in the land-based boreholes consisted of embankment fill underlain by 
silty clay to clayey silt, silt, sandy silt to silty sand and gravelly sand deposits overlying bedrock. 
The silty sand and gravelly sand deposits contained cobbles and boulders.  In the water-based 
boreholes, the depth of water ranged between 1.7 m and 5.2 m.  The subsoils in these boreholes 
generally consisted of an alluvium layer consisting of silty sand or clayey silt, underlain by 
deposits of clayey silt, silt, sandy silt and gravelly sand to silty sand overlying bedrock.  The 
gravelly sand to silty sand deposit contained cobbles and boulders.  A more detailed description 
of the subsurface conditions encountered in the boreholes is provided in the following sections.  

4.2.1 Fill and Topsoil 

Boreholes BH06-11, BH06-12, BH06-17 and BH06-24 were advanced at the approaches to the 
bridge structure within the existing southbound lanes.  Approximately 125 mm to 280 mm of 
asphalt was encountered overlying a 150 mm to 225 mm thick layer of sand and gravel road base 
fill.  Borehole BH06-18, advanced in the shoulder of the road, encountered a 150 mm thick layer 
of sand and gravel fill at the ground surface overlying 75 mm of asphalt.   
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Borehole BH06-19 was advanced at the toe of the slope on the west side of the existing south 
abutment.  About 100 mm of sandy topsoil was encountered at the ground surface at this 
borehole. 

Underlying the road base materials, boreholes BH06-11, BH06-12, BH06-17, BH06-18 and 
BH06-24 penetrated layers of granular fill consisting of sand, silty sand, and/or silt.  The fill 
thickness ranged from 8.5 m to 10.6 m on the north side of the bridge and between 2.3 m and 
7.6 m on the south side of the bridge.  Occasional cobbles were noted within the fill materials in 
borehole BH06-17.   

SPT ‘N’ values measured within the fill ranged between 4 and 78 blows per 0.3 m of penetration, 
indicating a very loose to very dense relative density.  In general, ‘N’ values are less than 50 
blows and the fill is considered to be compact to dense.  Grain size distributions of two samples 
of the sand to silty sand fill are shown on Figure A-1. 

The natural water content measured on samples of the fill ranged between 4 percent and 
18 percent. 

4.2.2 Alluvium 

In each of the water-based boreholes, alluvium was encountered at the bottom of the lake bed.  In 
boreholes BH06-15, BH06-16, BH06-20 and BH06-21, the alluvium consisted of silty sand or 
sandy silt, containing trace organics in some boreholes, and was between 0.1 m and 0.5 m thick. 
In boreholes BH06-13, BH06-14, BH06-22 and BH06-23, the alluvium consisted of clayey silt to 
silty clay containing trace to some organics and ranged from 0.1 m to 3.5 m in thickness.  The 
surface of the alluvium varied between Elevation 278.9 m and 282.4 m. 

Measured SPT ‘N’ values within the alluvium ranged from 0 blows (weight of hammer) to 2 
blows per 0.3 m of penetration indicating a very loose relative density of very soft to soft 
consistency.   

An Atterberg limits test carried out on one sample of the clayey silt alluvium deposit measured a 
liquid limit of about 53 percent and a plastic limit of about 28 percent yielding a plasticity index 
of about 25 percent.  The results of the Atterberg limits test are shown on the plasticity chart on 
Figure A-2 in Appendix A and classify the deposit as a silty clay of high plasticity.  A grain size 
distribution of a sample of the clayey silt alluvium is shown on Figure A-3. 

The natural water content measured on samples of the alluvium ranged between 32 and 73 
percent.  The higher water contents are likely attributed to the presence of organics. 
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Directly underlying the fill in borehole BH06-12, a 1.5 m thick layer of silt containing some sand, 
trace clay and trace organics was encountered at Elevation 282.6 m.  In borehole BH06-18, 
underlying the fill, a 0.4 thick layer of organic silt with trace sand was encountered at Elevation 
291.1 m, underlain by a 0.5 m thick layer of silt containing trace to some clay and trace sand. 
Measured ‘N’ values in the silt layer in borehole BH06-12 and in the organic silt and silt layers in 
borehole BH06-18 were 20 and 12 blows per 0.3 m of penetration, respectively, indicating a 
compact relative density.  The natural water content of the sample of silt from BH06-12 was 
20 percent and the sample of organic silt from BH06-18 was 26 percent. 

4.2.3 Clayey Silt 

A deposit of grey clayey silt to silty clay was encountered below the surficial fill, topsoil, silt and 
alluvium deposits in all boreholes.  The top of this deposit varied between Elevation 281.1 m and 
290.2 m in the land-based boreholes and between Elevation 278.3 m and 281.8 m in the water-
based boreholes.  The thickness of the deposit ranged from 1.7 m to 8.1 m.   

Land-Based Boreholes 

The samples of this deposit from the land-based boreholes consisted of clayey silt to silty clay 
containing trace sand, trace gravel and trace organics near the surface of the deposit.  Measured 
SPT ‘N’ values ranged from 2 blows to 24 blows per 0.3 m of penetration.  In situ field vane 
testing carried out in these boreholes measured undrained shear strengths ranging from 31 kPa to 
greater than 100 kPa.  In general, the field vane shear strengths together with the SPT ‘N’ values 
suggest that the clayey silt to silty clay stratum has a soft to very stiff consistency.  

Atterberg limits testing carried out on six samples of the deposit from the land-based boreholes 
indicate liquid limits ranging from about 32 percent to 40 percent and the plastic limit ranging 
from about 20 percent to 24 percent, yielding plasticity indices ranging from about 10 percent to 
19 percent.  The results of the Atterberg limits testing are shown on the plasticity chart on 
Figure A-4 in Appendix A and indicate that the material is classified as a clayey silt of low 
plasticity to a silty clay of intermediate plasticity.  A grain size distribution test was carried out on 
one sample of the clayey silt deposit and the results are shown on Figure A-5. 

The natural water content measured on select samples of this deposit ranged between 25 percent 
and 47 percent.  The natural water content of samples of the clayey silt to silty clay were typically 
near or greater than the corresponding liquid limit, resulting in liquidity indices up to 1.22. 

Three unconfined compression tests were carried out on specimens of the clayey silt to silty clay 
obtained from boreholes BH06-11, BH06-18 and BH06-19.  Details of the test results are shown 
on Figures A-6 to A-8 in Appendix A and the unconfined compression test results are 
summarized below. 
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Borehole and  
Sample Number 

Elevation 
(m) 

Compressive Stress 
(kPa) 

Undrained Shear Strength 
(kPa) 

BH06-11 SA 11 280.3 125 62 

BH06-18 SA 7 288.5 562 281 
BH06-19 SA 6 282.9 210 105 

 
Two laboratory consolidation (oedometer) tests were carried out on specimen of the clayey silt to 
silty clay obtained from boreholes BH06-11 and BH06-19 and the test results are shown on 
Figure A-9 and Figure A-10 in Appendix A.  The pre-consolidation pressures were estimated 
from the voids ratio versus logarithmic pressure plots using the Casagrande method and from the 
total work versus pressure curve.  The relevant oedometer test results are summarized below: 

Borehole / 
Sample Number 

Elevation 
(m) 

σvo′ 
(kPa) 

σp′ 
(kPa) 

σp′ - σvo′ 
(kPa) OCR eo Cr Cc 

cv
*

 
(cm2/s)

BH06-11 SA11 280.3 215 350 135 1.6 0.83 0.032 0.161 0.060 

BH06-19 SA6 282.9 80 300 220 3.1 0.77 0.016 0.203 0.073 

Note: *For stress range of 300 ≤  σv′ ≤ 500 kPa 
where: σvo’ effective overburden pressure in kPa 

σp′  preconsolidation pressure in kPa 
OCR  overconsolidation ratio 
eo  initial void ratio 
Cc compression index (based on void ratio) 
Cr recompression index (based on void ratio) 
cv coefficient of consolidation in cm2/s in the normally consolidated range 

Water-Based Boreholes 

The samples of this deposit from the water-based boreholes consisted of clayey silt, trace sand. 
SPT ‘N’ values measured in this deposit from the water-based boreholes ranged from 0 blows 
(weight of hammer) to 11 blows per 0.3 m of penetration.  In situ field vane testing carried out in 
these boreholes measured undrained shear strengths ranging from 9 kPa to 34 kPa.  In general, the 
field vane and SPT ‘N’ values suggest the clayey silt stratum has a very soft to stiff consistency, 
becoming stiffer near the base of the deposit. 

Atterberg limits testing carried out on five samples of the deposit from the water-based boreholes 
indicate liquid limits ranging from about 27 percent to 40 percent and plastic limits ranging from 
about 20 percent to 25 percent, yielding plasticity indices ranging from about 6 percent to 
15 percent.  The results of the Atterberg limits testing are shown on the plasticity chart on 
Figure A-11 in Appendix A and indicate that the material is classified as a clayey silt to silt of 
low plasticity to a silty clay of intermediate plasticity.  These test results typically plot at or just 
below the A-line indicating this material has a significant silt content.  Grain size distribution 
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testing was carried out on four samples of the clayey silt deposit and the results are shown on 
Figure A-12. 

The natural water content measured on select samples of this deposit ranged between 26 percent 
and 51 percent.  The natural water content of samples of the clayey silt were typically near or 
greater than the corresponding liquid limit, resulting in liquidity indices of between 1.0 and 1.3. 

4.2.4 Silt 

A deposit of silt containing trace sand and trace to some clay was encountered below the clayey 
silt in all the boreholes, except in borehole BH06-12 where the silt layer was encountered 
overlying the clayey silt deposit, and in boreholes BH06-11 and BH06-24 where the silt stratum 
is not present.  The surface of the deposit was generally encountered between Elevation 282.0 m 
and 287.0 m in the land-based boreholes and between Elevation 271.0 m and 279.9 m in the land-
based boreholes.  The thickness of the silt deposit ranged between 1.5 m and 4.6 m. 

Measured SPT ‘N’ values in the silt deposit ranged from 6 to 23 blows per 0.3 m of penetration, 
indicating a loose to compact relative density. 

Atterberg limits testing carried out on one sample of the silt deposit in (borehole BH06-20) 
indicates that the sample is non-plastic.  Grain size distributions for four samples from the silt 
deposit are shown on Figure A-13. 

The natural water content measured on samples of the silt deposit ranged from 12 percent to 
39 percent, and were typically greater than 25 percent.   

4.2.5 Silty Sand to Sandy Silt 

A deposit of silty sand to sandy silt containing trace clay was encountered below the clayey silt or 
silt deposits in boreholes BH06-11, BH06-12, BH06-14, BH06-15 and B06-20 to BH06-24.  The 
surface of the deposit was encountered between Elevation 267.2 m and 278.1 m and ranged 
between 1.1 m and 5.2 m in thickness.  Borehole BH06-11 was terminated within this deposit. 

Measured SPT ‘N’ values in the sandy silt to silty sand deposit ranged from 6 blows to 23 blows 
per 0.3 m of penetration, indicating a loose to compact relative density.  

The natural water content measured on samples of the silty sand to sandy silt deposit ranged from 
28 percent to 31 percent. 
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4.2.6 Gravelly Sand to Silty Sand 

Underlying the deposits of silt or sandy silt to silty sand, a deposit consisting of gravelly sand to 
silty sand was encountered in all the boreholes except BH06-11.  Cobbles and boulders, inferred 
from difficult augering, grinding of augers and bouncing of the split spoon sampler, were 
encountered within the deposit.  The surface of the deposit ranges from Elevation 263.7 m to 
283.7 m and the thickness varied between 1.1 m and 7.6 m. 

Measured SPT ‘N’ values ranged from 10 blows to greater than 100 blows per 0.3 m of 
penetration, indicating a loose to very dense relative density.  Typically, based on the average ‘N’ 
values, the deposit is considered to be compact to dense.  

A grain size distribution for one sample of gravelly sand to silty sand containing some gravel is 
shown on Figure A-14. 

In borehole BH06-18, the gravelly sand to silty sand was noted to heave into the hollow stem 
augers upon penetrating about 4 m into this deposit.   

The natural water content measured on samples of the gravelly sand deposit ranged from 
7 percent to 23 percent.   

Casing show blockage and auger refusal on probable boulders within this deposit were 
encountered in boreholes BH06-15 and BH06-17 at depths of 19.4 m and 17.2 m, respectively, 
corresponding to Elevation 264.7 m and 276.8 m, respectively.  In borehole BH06-24, NW casing 
was used to advance the borehole below 20.0 m due to difficulty advancing the hollow stem 
augers at this depth.   

4.2.7 Bedrock 

Split spoon and/or auger refusal on probable bedrock was encountered in boreholes BH06-12, 
BH06-17 and BH06-22 at depths of 21.6 m (Elevation 271.4 m), 17.2 m (Elevation 276.8 m) and 
23.7 m (Elevation 260.4 m), respectively.  Gneiss bedrock was confirmed by coring between 
3.0 m and 6.8 m in boreholes BH06-13, BH06-14, BH06-16, BH06-19, BH06-21, BH06-23 and 
BH06-24.  The surface of the bedrock was encountered at depths between 14.3 m and 22.2 m 
below existing ground surface in the land-based boreholes; the bedrock surface in the land-based 
boreholes ranged from Elevation 273.5 m to 270.8 m.  The surface of the bedrock was 
encountered at depths between 16.1 m and 22.6 m below the water surface in the water-based 
boreholes; the bedrock surface in the water-based boreholes ranged from Elevation 268.0 m to 
261.5 m.   
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The rock core is described as a gneiss, grey, fined to medium grained and fresh to slightly 
weathered.  In borehole BH06-13, a layer of silt and cobbles were encountered between 18.8 m 
and 19.3 m of depth, and a silt seam was encountered between 20.8 m and 21.3 m of depth.  A 
sand layer was encountered within the bedrock in borehole BH06-23 between 21.2 m and 21.9 m 
of depth.  The Rock Quality Designation (RQD) measured on the core samples ranged from 
0 percent to 100 percent.  This indicates rock mass variable in quality, ranging from very poor to 
excellent.  In general, the RQD values were greater than 50 percent indicating that the gneiss is of 
fair to excellent quality.  Generally, the RQD values increase with depth.  In borehole BH06-23, 
broken rock was encountered in the core barrel between 18.8 m and 19.8 m of depth, resulting in 
a very low RQD value.   

Uniaxial compression strength (UCS) testing was carried out on three core samples of the gneiss 
bedrock from boreholes BH06-14, BH06-16 and BH06-24.  The UCS results were between 
44 MPa and 86 MPa.  The depths and corresponding elevations of the samples and results of the 
UCS testing are presented in Table A-1.  Diametral (i.e. horizontal or perpendicular to the core 
axis) point load strength tests were performed on twelve core samples of the gneiss bedrock from 
boreholes BH06-13, BH06-14, BH06-16, BH06-19, BH06-21 and BH06-24.  Diametral point 
load index values ranged from about 3.8 MPa to 7.5 MPa which correspond to estimated UCS 
values between 76 MPa and 150 MPa with an average strength of about 98 MPa, as presented in 
Table A-2.  Using the Intact Rock Strength Classification table, these results indicate that the 
gneiss rock is classified as medium strong to very strong.  

4.2.8 Groundwater Conditions 

The water levels were noted during and after the drilling and coring operations in the boreholes. 
Piezometers were installed in boreholes BH06-11 and BH06-19 with screened zones sealed 
within the clayey silt/silt and/or sandy silt deposits.  Details of the piezometer installations are 
shown in the Record of Borehole Sheets following the text of this report.  The water levels in the 
piezometers and open holes upon completion of drilling are summarized below.   
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Location Borehole Installations 
Groundwater 

Level 
Depth (m) 

Groundwater 
Level 

Elevation (m) 
Date 

South Approach BH06-18 Open 
Borehole 4.6 288.8 Upon Completion 

of Drilling 

BH06-19 Piezometer 3.2 
3.4 

284.6 
284.4 

July 4, 2006 
August 24, 2006 

South Abutment 
BH06-17 Open 

Borehole 
12.8 281.2 

Upon Completion 
of Drilling 

In-Water Piers 

BH06-13 to 
BH06-16, 

BH06-20 to 
BH06-23 

Lake Water 
Level 0 284.1 July and August 

2006 

BH06-12 Open 
Borehole 10.4 282.6 Upon Completion 

of Drilling 
North Abutment 

BH06-24 
Open 

Borehole 
9.1 283.8 

Upon Completion 
of Drilling 

North Approach BH06-11 Piezometer 7.6 
7.7 

285.2 
285.1 

July 4, 2006 
August 24, 2006 

 
In general, the soil samples taken in the boreholes were noted to be moist to wet with free water 
evident within most of the non-cohesive materials.  In borehole BH06-18, gravelly sand was 
noted to flow into the hollow stem augers upon augering at a depth of 13.7 m. 

The above groundwater levels are consistent with the adjacent lake water level, rising slightly 
away from the lake.  The water level in the lake was measured at Elevation 284.1 m (July and 
August 2006), as noted in the General Arrangement drawing.  It should be noted that groundwater 
levels in the area are subject to seasonal fluctuations and precipitation. 
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5.0 DISCUSSION AND ENGINEERING RECOMMENDATIONS 

This section of the report provides design recommendations on the foundation aspects of the 
proposed Highway 11 Southbound Lane bridge structure over the Vernon Lake Narrows.  The 
recommendations are based on interpretation of the factual data obtained from the boreholes 
advanced during the subsurface investigation at this site.  The interpretation and 
recommendations provided are intended only to provide the designers with sufficient information 
to assess the feasible foundation alternatives and to design the proposed structure foundations.  
As such, where comments are made on construction, they are provided only in order to highlight 
those aspects which could affect the design of the project.  Those requiring information on 
aspects of construction should make their own interpretation of the factual information provided 
as it may affect equipment selection, proposed construction methods, scheduling and the like. 

The existing bridge is a nine-span structure, about 210 m in overall length.  The proposed works 
involve replacing the existing SBL bridge with a new five-span structure about 230 m in overall 
length.  This requires that the abutments be moved back by about 10 m each, relative to the 
location of the existing abutments.  We understand that the abutment and pier foundations will 
not be at the same location as the existing foundations.  The recommendations provided in this 
report discuss issues related to the interaction of the proposed foundations with the existing piers 
which are to remain in place.  The existing embankments at the abutments are between 9 m and 
10 m in height above the existing lake level.  The proposed grade of the highway at the 
southbound lanes will not change significantly; however, there will be some minor widening of 
the embankment towards the west.  The recommendations provided will also address the 
settlement and stability of the approach embankments.   

It should be noted that the new/proposed NBL structure will be constructed by the time the SBL 
contract is tendered.  The new SBL structure will be located between about 4 m and 8 m west of 
the new NBL structure.  The recommendation on the geotechnical design aspects of the new 
structure presented in this report also consider any implications of the new widened NBL bridge 
foundations in relation to the proposed SBL foundations. 

5.1 General Bridge Foundation Options 

Shallow foundations are not recommended for support of the new SBL bridge due to the presence 
of soft compressible soil at this site and considering that the existing foundations are deep (i.e. 
piles).  Consideration should be given to the use of deep foundations comprised of either piles or 
caissons for support of the new footings.  The foundation type chosen will depend on: 
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• The interaction between the existing and proposed foundations; 

• The interaction between the two bridges;  

• The potential construction techniques for in-water piers; and 

• The soil conditions (i.e. depth to end-bearing stratum). 

Table 1 (attached), summarizes the advantages, disadvantages, relative costs and risks / 
consequences of the two deep foundation alternatives.  Discussion on the alternatives is given in 
the sections below.  The preferred alternative at this site is steel H-piles driven to bedrock within 
a pre-cast cofferdam and steel casing. 

5.2 Construction Considerations 

Based on our assessment of the subsurface conditions at the site and as noted above, it is 
recommended that driven steel H-piles be used as the preferred founding alternative.  The 
following paragraphs describe the proposed methodology for pile installation and pile cap 
construction for the driven pile alternative at the piers.  Pile installation at the abutments should 
be carried using standard construction techniques. 

We understand from the available contract drawings (1958) that the existing SBL structure piers 
are supported on 450 mm diameter tube piles driven to bedrock and filled with concrete.  For 
each pier, the piles were installed in groups of three or four, in two groups per pier.  The 
abutments are founded on steel H-piles.  The piers were constructed generally using the following 
method: 

• A pre-cast concrete cofferdam (i.e. pile cap) of 12 feet (3.7 m) diameter was floated into 
place and secured to the lake bed with spud piles; and 

• Once the cofferdam was in place, twin groups of 18 inch (450 mm) diameter steel tube piles 
with 1:6 batter were installed inside the cofferdam and backfilled with concrete, followed by 
construction of the pile cap.  

For information purposes, we understand from the available contract drawings (1977) and pile 
driving records that the piers for the NBL structure were built using generally the method 
described below: 

• A pre-cast concrete cofferdam was floated into place and positioned such that the top of the 
cofferdam extended approximately 0.3 m above the water level.  The pre-cast cofferdam had 
six pre-drilled holes with a 50" (1.22 m) diameter steel tube sleeve installed on the design 
batter; 

• Once the cofferdam was positioned at the pier locations, 48" (1.2 m) diameter steel casings 
with 1:8 batter were installed inside the tube sleeve by wash boring methods to a depth just 
below the interface of the clay and sand deposits; 
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• The casings were flushed/pumped and cleaned out to the bottom and three 1:8 battered steel 
H-piles were driven inside the casing to the bedrock surface; 

• Once the piles were driven, the casing was grouted up to the base of the cofferdam; and 

• After the tremie plug (i.e. grout) was in place for all six locations, the cofferdam was pumped 
out and the pile cap was constructed.   

This method of steel H-pile installation allowed for relatively straightforward in-water 
construction of the NBL foundations.  In addition, the steel casing left-in-place surrounding the 
piles provided for scour protection of the piles below the base of the pile cap.  The pre-cast 
cofferdam itself formed part of the pile cap. 

We consider and recommend that this same construction technique (or similar) could be used to 
construct the piers for the new SBL structure.  Ultimately, the design of the cofferdam will be the 
responsibility of the contractor.  In addition, the project environmental sub-consultant should 
confirm regulatory requirements applicable to mucking/air lifting/washing out the casings, in 
regards to disposal of cuttings and sedimentation into the lake.  This pile installation operation 
will create a significant amount of cuttings for disposal.  Therefore, an appropriate Non-Standard 
Special Provisions (NSSP) should be created by the environmental sub-consultant that details the 
handling and disposal of this material.  It is likely that a sediment containment system will be 
required on-shore where the material can be treated (i.e. dried) prior to disposal at an appropriate 
facility.   

In the case of the new SBL piers, this construction technique should be compatible with and not 
affect or be affected by the existing foundations, as the new foundation elements are a minimum 
of 7 m away from the existing foundation elements.   

We assume that the existing SBL pier piles will be cut off at the lake bed level and will not be 
pulled out.  The designer should check that the new piles (batter and orientation) do not interfere 
with the existing piles.  The designer should also check that the new piles do not interfere with 
the NBL pier piles.  This should be checked to the full extent of the pile length to the bedrock 
surface. 

From a vibration standpoint, it is our opinion that the vibrations generated during pile driving will 
typically be low and should not be a significant issue at this site.  Since there is at least 4 m to 8 m 
separating the widened NBL structure from the new SBL foundation elements, vibration 
monitoring is not required for this work. 

It is possible that contractors may choose to use a standard sheet-pile cofferdam to construct the 
piers at this site as an alternative.  Although sheet-pile cofferdams are feasible at this site, we do 
not recommend this technique since the sheet piles may have to extend to below the base of the 
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clay deposit (some 10 m below the lake bed), and likely would require a relatively thick tremie 
plug to prevent base heave and to provide adequate lateral resistance for the sheet piles. 

If the caisson alternative is considered, it may be possible to eliminate the requirement for pile 
caps and therefore cofferdams, by extending the caissons up to the underside of the bridge deck 
(i.e. pier cap).   

At this time, we consider that all the in-water work can be carried out from a barge.  However, 
depending on the lake levels at the time of construction, the piers closest to the banks may not 
have an adequate depth of water and, therefore, consideration should be given to constructing an 
access road in the water to these near shore locations. 

5.3 Shallow Foundations 

Due to the presence of compressible clayey silt to silty clay subsoils in the area of the abutments 
and thus the potential for differential settlement of the abutment, spread footings are not 
considered feasible at this site.  In addition, the existing abutment footings are also founded on 
piles and therefore spread footings for the new SBL structure would not be consistent with the 
existing foundations. 

5.4 Steel H-Pile Foundations 

Based on the borehole information obtained at this site, piles driven to bedrock are recommended 
for support of the foundations of the new footings.  The existing soils are not suitable for friction 
piles and the bedrock was encountered at a reasonable depth, therefore piles end-bearing on the 
bedrock are highly suitable for this site.  Also, this foundation method would match the existing 
foundation condition consisting of piles end-bearing on bedrock. 

5.4.1 Axial Geotechnical Resistance 

The bedrock was encountered between about Elevation 260.4 m and Elevation 273.5 m at the 
new abutment and pier locations.  This elevation corresponds to the design pile tip level.  The 
current lake bed is at between Elevation 278.9 m and Elevation 282.4 m at the pier borehole 
locations, resulting in piles up to about 21 m in length at the piers (up to about 24 m below the 
July/August 2006 water level) and up to about 18.5 m in length at the abutments relative to the 
underside of the pile caps.  The design pile tip elevation and the ground surface/lake bed 
elevation are given in Table 2.  Also presented in Table 2 are the approximate interpreted 
elevations where very dense gravelly sand containing cobbles and boulders were encountered, as 
such conditions may impact the final tip elevation.  The elevation of the bedrock should be 
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assumed to be the design pile tip elevation; however, practically, the piles could “hang up” on the 
very dense layer (or boulders) within the gravelly sand layer. 

The steel casing of each pile or pile group should be sized to accommodate the piles (as 
determined by the structural engineer).  The casing size should take into account the pile batter 
and orientation.  The casing should extend to about 1 m of depth below the base of the clay 
deposit at each location, resulting in casing lengths between about 5.5 m and 13.5 m below the 
July/August 2006 water level.  The design base elevation of the casing at each pier location is 
given in Table 3. 

For steel HP310x110 piles driven to bedrock, the factored axial resistance will be dependent upon 
the structural capacity of the pile; however, a factored axial resistance at Ultimate Limit States 
(ULS) of 2,000 kN may be used for design.  Since bedrock is considered to be a non-yielding 
material, the geotechnical resistance at Serviceability Limit States (SLS) will be higher than the 
ULS value and, therefore, the ULS value will govern the design.  The above values assume that 
the pile is not “hanging up” on a boulder. 

Pile installation should be in accordance with SP903S01.  The piles should be fitted with Titus 
Ejector rock points or equivalent and appropriate driving procedures must be adopted to ensure 
adequate/proper seating of the piles on sloping bedrock without damaging the piles.  The 
appropriate NSSP should be included in the Contract Documents; an example is included in 
Appendix B for reference.  The driving procedures to enable seating on bedrock depend on the 
type of pile driving rig used and these procedures need to be established at the time of 
construction.  Generally, the procedures will involve a reduction in hammer energy once abrupt 
peaking is met to ease the pile point into the rock.  For piles driven into the bedrock, the 
following note should be included on the drawings: 

• “Piles to be driven to bedrock.” 

Steel casings installed below the lake bed through the very soft to firm clayey silt deposit should 
be backfilled using tremie concrete to the underside of the cofferdam after pile installation.  The 
steel casings are considered to be permanent and are to be left in place. 

5.4.2 Resistance to Lateral Loads 

Lateral loading could be resisted fully or partially by the use of battered steel H-piles.  If vertical 
piles are used, the resistance to lateral loading will have to be derived from the soil in front of the 
piles.   
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The evaluation of the piles subjected to lateral loads (e.g. ice loads) should take into account such 
factors as the relative rigidity of the pile to the surrounding soil, the fixity condition at the head of 
the pile (pile cap level), the structural capacity of the pile to withstand bending moment, the soil 
resistance that can be mobilized, the tolerable lateral deflection at the head of the pile and the pile 
group effects.   

The pile should be modelled as a beam-column supported by springs equivalent to the passive 
soil reaction distributed along the shaft.  The passive resistance developed for lateral 
deformations typical of bridge foundations is generally much less than the passive pressure 
associated with a full passive resistance.  This full passive resistance is calculated from earth 
pressure theories assuming unlimited deformation of the soil.  The lateral resistance of the pile 
may be limited by the factored structural flexural resistance of the pile rather than the resistance 
of the soil. 

Therefore, in order to develop the full passive resistance, the pile would have to deflect a ‘large’ 
amount.  For piles ‘fixed’ within the pile cap, the magnitude of possible deflection is further 
reduced and the horizontal geotechnical resistance of the pile is some fraction of the full passive 
resistance occurring at relatively small horizontal displacements. 

It can be assumed, based on the shear strength of the soil, that the pile can be considered a 
laterally supported compression member.  The horizontal load capacity of vertical piles may be 
limited in three different ways: 

• The capacity of the soil may be exceeded, resulting in large horizontal movements of the 
piles and failure of the foundation; 

• The bending moments may generate excessive bending stresses in the pile material, resulting 
in structural failure of the piles; or 

• The deflections of the pile heads may be too large to be compatible with the superstructure. 

CFEM (1992) gives two methods by which to assess the lateral capacity of a pile.  The first is 
Brom’s Method (1964), which examines failure criteria (i.e. ultimate horizontal resistance) for 
two types of piles – ‘short piles’ where the lateral capacity of the soil adjacent to the pile is fully 
mobilized and ‘long piles’ where the bending resistance of the pile is fully mobilized.  

The second method examines the lateral deflections of the pile by using the horizontal subgrade 
reaction theory where the soil around a pile is modelled using a series of springs.  The spring 
constant is called the coefficient of horizontal subgrade reaction, kh (kN/m3 or kPa/m).  The value 
of kh is used as an input parameter into the elastic soil-structure interaction model.   
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The resistance to lateral loading in front of a vertical pile may be calculated using subgrade 
reaction theory where the coefficient of horizontal subgrade reaction, kh(kPa/m), is based on the 
equation for cohesionless soils given below: 

B
znk h

h =  
 

Where 
nh is the constant of horizontal subgrade reaction 

(kPa/m) 
z is the depth (m) 
B is the pile diameter/width (m) 

 
and for cohesive soils: 

 
kh = 67 su 

     B Where su is the undrained shear strength of the soil (kPa) 
B is the pile diameter/width (m)  

 
The values of nh and su to be assumed in the structural analysis are given in Table 4.  The 
different values reflect the variability in the subsurface conditions as well as the two extremes of 
design: the requirement for flexibility in the case of integral abutments and the requirement for 
lateral support in the case of non-integral abutments and the piers.  A maximum lateral resistance 
of 120 kN at ULS and 35 kN at SLS is recommended for HP 310x110 piles. 

Based on the above discussion, it is considered that both the structural and geotechnical 
resistances of the piles should be evaluated to establish the governing case.  For the proposed 
piles (HP 310x110) driven to bedrock through the very soft to firm clayey silt at this site, the 
horizontal resistance at ULS will be controlled by structural limitations such as the yield moment 
(MYIELD) of the pile (i.e. Brom 1964 method).  At SLS, the horizontal resistance of the piles will 
be controlled by deflections and the horizontal resistance of the pile should be calculated based 
on the coefficient of horizontal subgrade reaction (kh) of the soil.  The SLS resistance should be 
taken as that corresponding to a horizontal deflection of 10 mm at the underside of the pile cap 
for units supporting piers and abutments (CHBDC C6.8.7.1). 

The upper zone of soil (down to a depth below the pile cap equal to about 1.5 x B after Brom 
1964, where B = pile diameter) should be neglected in the calculation of lateral resistance of the 
pile to account for disturbance effects during installation. 

Group action for lateral loading should also be considered when the pile spacing in the direction 
of the loading is less than six to eight pile diameters.  Group action can be evaluated by reducing 
the coefficient of horizontal subgrade reaction in the direction of loading by a reduction factor, R, 
as follows: 
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Pile Spacing in 

Direction of Loading 
d = Pile Diameter 

Subgrade Reaction 
Reduction Factor 

8d 1.00 
6d 0.70 
4d 0.40 
3d 0.25 

 
5.4.3 Downdrag 

The subsurface soils consist of overconsolidated clayey silt underlain by granular deposits.  Since 
the widening for the new embankments is expected to be minimal and since there will be a net 
unloading of the soils as a result of moving the abutments back, downdrag loads on the new piles 
need not be considered.  

5.4.4 Frost Protection 

The pile caps should be provided with a minimum of 1.8 m of soil cover for frost protection (at 
the abutments).  If the required soil cover cannot be provided, consideration could be given to the 
use of rigid polystyrene foam insulation below the footings.  As a guideline, one inch of rigid 
polystyrene foam insulation may be used for every 0.45 m reduction in soil cover.     

5.5 Caissons 

If it is desirable to eliminate the need for pile caps in the water, then consideration could be given 
to the use of caissons for support of the piers by extending the caissons up to the underside of the 
bridge deck (i.e. pier cap).  Given that the existing SBL and NBL structures are founded on piles 
and the depth to bedrock, caissons may not be the most practical alternative for the abutment and 
pier foundations for the new SBL structure at this site. 

5.5.1 Axial Geotechnical Resistance 

If caissons are considered as a founding alternative, the caissons at this site will derive their axial 
resistance mainly from end-bearing.  The depth to bedrock at each of the pier and abutment 
locations is given in Table 2.  The factored axial geotechnical resistance at ULS for various 
diameter caissons socketted a minimum of 2 m into the bedrock are given below: 
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Gneiss Bedrock 

(minimum 2 m socket) Caisson 
Diameter(m) 

ULS SLS 

1.5 8,000 kN n/a 

1.8 10,000 kN n/a 

 
The resistance required to achieve 25 mm of settlement is greater than that given for ULS and, 
therefore, SLS conditions do not apply. 

It should be noted that there may be difficulty in socketting the caissons within the hard gneiss 
bedrock, particularly if the bedrock surface is sloping or if the bedrock is fractured.  Temporary 
liners and tremie concrete will likely be required to install caissons at this site. 

5.5.2 Resistance to Lateral Loads 

The resistance to lateral loading for the caissons should be in accordance with Section 5.4.2 and 
Table 4, using the horizontal subgrade reaction formulas.  The recommended maximum lateral 
resistance for the caissons is as follows:  

Caisson Diameter 
(m) 

Factored Lateral 
Resistance at ULS (kN) 

Lateral Resistance at 
SLS (kN) 

1.5 2,400 700 
1.8 3,400 1,000 

 
5.5.3 Frost Protection 

Caisson caps at the abutments should be provided with a minimum of 1.8 m of soil cover for frost 
protection or sufficient insulation as described in Section 5.4.4. 

5.6 Lateral Earth Pressures for Design 

The lateral earth pressures acting on the abutment stems and any associated wing walls / retaining 
walls will depend on the type and method of placement of the backfill materials, on the nature of 
the soils behind the backfill, on the magnitude of surcharge including construction loadings, on 
the freedom of lateral movement of the structure, and on the drainage conditions behind the walls. 
Seismic (earthquake) loading must also be taken into account in the design. 
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The following recommendations are made concerning the design of the walls.  It should be noted 
that these design recommendations and parameters assume level backfill and ground surface 
behind the walls.  Where there is sloping ground behind the walls, the coefficient of lateral earth 
pressure must be adjusted to account for the slope. 

• Select free-draining granular fill meeting the specifications of Ontario Provincial Standard 
Specifications (OPSS) Granular ‘A’ or Granular ‘B’ Type II should be used as backfill 
behind the walls.  Longitudinal drains and weep holes should be installed to provide positive 
drainage of the granular backfill.  Other aspects of the granular backfill requirements with 
respect to sub-drains and frost taper should be in accordance with Ontario Provincial 
Standard Drawings (OPSD) 3101.150 and 3121.150. 

• For structures that are not comprised of integral or semi-integral abutments, rock fill may be 
used as backfill behind the walls and the material should meet the specifications as outlined 
in the Northern Region Directive for backfill to structures adjacent to rock fill embankments, 
dated November 2002.  Other aspects of rock backfill requirements should be in accordance 
with OPSD 3101.200.  

• A minimum compaction surcharge of 12 kPa should be included in the lateral earth pressures 
for the structural design of the wall stem, in accordance with CHBDC Section 6.9.3 and 
Figure 6.9.3.  Compaction equipment should be used in accordance with OPSS 501.06.  Other 
surcharge loadings should be accounted for in the design, as required. 

• The granular fill may be placed either in a zone with width equal to at least 1.8 m behind the 
back of the wall stem (Case I in Figure C6.9.1(l) of the Commentary to the CHBDC) or 
within the wedge-shaped zone defined by a line drawn at 1.5 horizontal to 1 vertical 
(1.5H:1V) extending up and back from the rear face of the footing (Case II in 
Figure C6.9.1(l) of the Commentary to the CHBDC). 

• For Case I, the pressures are based on the proposed embankment fill materials and the 
existing overburden soils and the following parameters (unfactored) may be used assuming 
the use of earth fill or rock fill: 

 Earth Fill Rock Fill 
Soil unit weight: 21 kN/m3 19 kN/m3 
Coefficients of static lateral earth pressure: 

Active, Ka 
At rest, Ko 

 
0.31 
0.47 

 
0.22 
0.35 

 
• For Case II, the pressures are based on the rock fill as above or on the granular fill as placed 

and the following parameters (unfactored) may be assumed: 

 Granular ‘A’ Granular ‘B’ 
Type II 

Soil unit weight: 22 kN/m3 21 kN/m3 
Coefficients of static lateral earth pressure: 

Active, Ka 
At rest, Ko 

 
0.27 
0.43 

 
0.27 
0.43 

 
If the wall support and superstructure allow lateral yielding of the stem, active earth pressures 
may be used in the geotechnical design of the structure.  If the abutment support does not allow 



July 2007 - 24 - 06-1191-001-S 
 

Golder Associates 

lateral yielding, at-rest earth pressures should be assumed for geotechnical design.  The 
movement to allow active pressures to develop within the backfill, and thereby assume an 
unrestrained structure, may be taken as: 

• rotation (i.e. ratio of wall movement to wall height) of approximately 0.002 about the base of 
a vertical wall; 

• horizontal translation of 0.001 times the height of the wall; or 

• a combination of both. 

A restrained structure is typically a culvert or rigid frame bridge where the rotational or 
horizontal movement is not sufficient to mobilize an active earth pressure condition.  For this 
condition, an at-rest pressure plus any compaction surcharge should be included in the design of 
the structure. 

Seismic (earthquake) loading must also be taken into account in the design in accordance with 
Section 4.6 of the CHDBC.  In this regard, the following should be taken into account in the 
lateral earth pressures. 

• Seismic loading will result in increased lateral earth pressures acting on the abutment stem 
and retaining walls.  The walls should be designed to withstand the combined lateral loading 
for the appropriate static pressure conditions given above, plus the earthquake-induced 
dynamic earth pressure.  According to the National Building Code of Canada, this site is 
located in Seismic Zone 1.  The site-specific zonal acceleration ratio for Huntsville is 0.05. 
Based on experience, for the subsurface conditions at this site, a 30 percent amplification of 
the ground motion will occur, resulting in an increase in the ground surface acceleration from 
0.05g to 0.065g.  The seismic lateral earth pressure coefficients given below have been 
derived based on a design zonal acceleration ratio of A = 0.065. 

• In accordance with Sections 4.6.4 and C.4.6.4 of the CHBDC and its Commentary, for 
structures which allow lateral yielding, the horizontal seismic coefficient, kh, used in the 
calculation of the seismic active pressure coefficient, is taken as 0.5 times the zonal 
acceleration ratio (i.e. kh = 0.03).  For structures that do not allow lateral yielding, kh is taken 
as 1.5 times the zonal acceleration ratio (i.e. kh = 0.10).  The seismic active earth pressure 
coefficient is also dependent on the vertical component of the earthquake acceleration, kv. 
Three discrete values of vertical acceleration are typically selected for analysis, 
corresponding to kv = +2/3 kh, kv = 0, and kv = -2/3 kh. 

• The following seismic active pressure coefficients (KAE) for the two cases (Case I and 
Case II) may be used in design; these coefficients reflect the maximum KAE obtained using 
the kh and three values of kv as described above.  It should be noted that these seismic earth 
pressure coefficients assume that the back of the wall is vertical and the ground surface 
behind the wall is flat. 
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SEISMIC ACTIVE PRESSURE COEFFICIENTS, KAE 

Case I Case II  

Earth Fill Rock Fill Granular A Granular B 
Type II 

Yielding wall 0.30 0.22 0.26 0.26 
Non-yielding wall 0.34 0.25 0.30 0.30 

Note :  These CHBDC seismic KAE values include the effect of wall friction (δ=φ’/2) and 
are less than the static values of Ka and Ko reported above for the very low zonal 
acceleration ratio for this site. 

• The above KAE values for yielding walls are applicable provided that the wall can move up to 
250A (mm), where A is the design zonal acceleration ratio of 0.065.  This corresponds to 
displacements of up to 16 mm at this site. 

• The earthquake-induced dynamic pressure distribution, which is to be added to the static 
earth pressure distribution, is a linear distribution with maximum pressure at the top of the 
wall and minimum pressure at its toe (i.e. an inverted triangular pressure distribution).  The 
total pressure distribution (static plus seismic) may be determined as follows: 

 
K γ’ d + (KAE – K) γ’ H 
 

Where K  =  either the static active earth pressure coefficient (Ka)  
or the static at rest earth pressure coefficient (Ko); 

KAE = the seismic active earth pressure coefficient; 
γ’  = the effective unit weight of the soil (kN/m3): 

- taken as soil unit weights given above for fill materials; 
- taken as 21 kN/m3 above Elev. 284 m for the native 

materials, if present; 
d  =  the depth below the top of the wall (m); and 
H  =  the height of the wall above the toe (m). 

5.7 Liquefaction Potential and Seismic Analysis 

5.7.1 Analysis Methods 

The liquefaction potential of the granular soils below the immediate approach embankments and 
under seismic loading has been considered using the empirical method outlined in Section C.4.6.2 
of the CHBDC Commentary, which correlates the cyclic resistance ratio (CRR) and the cyclic 
stress ratio (CSR) of the soils with their normalized penetration resistance and fines content for 
granular soils.  The CRR has been determined using the empirical method suggested by the 
CHBDC based on papers by Seed et al (1984) using SPT ‘N’ values and accounting for fines 
content.  The method used to determine the CSR will be the simplified procedure suggested by 
Seed and Idriss (1971) relating to the peak ground acceleration and effective overburden stress.   
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In general, geologically young, loose deposits of sand and non-plastic silty sands with low fines 
content (less than 5 percent passing No. 200 sieve) which are below the water table are 
potentially susceptible to liquefaction.  

5.7.1.1 Liquefaction Induced Settlements 

Where liquefaction is identified to be a problem either in clayey soils or in granular soils using 
the methods described above, vertical deformation of the soil under the earthquake loading may 
occur due to the contraction of the sand deposit using a relationship developed by Tokimatsu and 
Seed (1987).  This deformation can be estimated using relationships proposed by Makdisi and 
Seed (1978).  If deformation is anticipated, soil improvement methods should be considered and 
could include densification, removal and re-compaction, grouting, or permanent drainage so that 
the pore water pressure rise necessary to trigger liquefaction is controlled.   

5.7.1.2 Stability under Seismic Conditions 

The susceptibility of the soil deposits underlying the proposed roadway embankments and the 
consequent stability of the embankment under seismic loading conditions for this site has been 
assessed.  The peak zonal acceleration for this site (Huntsville) is 0.065g, which is based on a 
zonal acceleration of 0.05 g multiplied by an amplification factor of 30 percent for the types of 
soils found in this area.  Typically, the seismic loading will be applied to the long-term (drained) 
conditions.   

If liquefaction of the subsoils under the embankment loading is not anticipated, a factor of safety 
of 1.0 is typically used to assess the stability under magnitude 7.0 earthquake events.   

Where liquefaction is triggered in the underlying soil deposit, the stability of the embankment is 
analyzed using post-liquefaction, residual strength parameters in the liquefied layers using the 
correlation proposed by Seed and Harder (1990) which is correlated to SPT ‘N’ values.  If under 
these conditions, the embankment is estimated to have a factor of safety less than 1.0 under static 
conditions, the embankment is considered to be susceptible to a flow slide.  Flow slides are 
characterized by very large lateral and vertical displacements of the embankment.  If under 
residual strength conditions, the static factor of safety is greater than 1.0, lateral displacements 
may still occur, and are estimated using the Newmark method, which compares the design ground 
acceleration to that necessary to induce a factor of safety equal to 1.0 in the embankment (i.e. 
yield acceleration).  If the yield acceleration is greater than the maximum acceleration for this 
site, then no remedial measures are required.  If the yield acceleration is less than the maximum 
acceleration, soil improvement methods may be necessary to improve soil conditions. 
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5.7.2 Results of Analysis 

Using the methods outlined in Section 5.7.1, the soils at this site are not considered to be 
liquefiable.  A factor of safety of greater than 1.0 is obtained for magnitude 7.0 earthquake 
events. 

5.8 Approach Embankment Design and Construction 

We assume that there will be no grade raise of the existing highway and that any widening of the 
existing embankment (i.e. on the west side of the bridge) will be minimal.  In addition, the 
abutments will be moved back by about 10 m on both ends of the bridge.  Therefore, there will be 
a net unloading of the soils in front of the abutment.  The new SBL bridge will be skewed relative 
to the widened NBL bridge; the two bridges will be separated 4 m and 8 m from each other at the 
south and north ends, respectively.  The following sections present the results of settlement and 
stability analysis for the SBL bridge approach embankments and abutments and subsequent 
recommendations.   

The existing SBL bridge abutments are located very close to the water, as compared to the NBL 
bridge abutments.  Moving the abutments back by about 10 m will allow for a geometry of 3H:1V 
in front on the abutments.  The existing slope geometry on the west side of the south abutment 
embankment is greater than 2H:1V and on the north abutment embankment it is between 1.6H:1V 
and 2H:1V.  The overall height of the embankments above the water level is between about 9 m 
and 10 m.  For design purposes, the groundwater level is assumed to be consistent with the lake 
level, at about Elevation 284 m. 

The methodology, parameter selection and results of stability and settlement analysis for the 
widened approach embankments at the abutments are presented in the following sections. 

5.8.1 Stability 

5.8.1.1 Methodology 

Limit equilibrium slope stability analyses were performed using the commercially available 
program GeoStudio 2004 (Version 6.20), produced by Geo-Slope International Ltd., employing 
the Morgenstern-Price method of analysis.  For all analyses, the factor of safety of numerous 
potential failure surfaces was computed in order to establish the minimum factor of safety.  The 
factor of safety is defined as the ratio of the forces tending to resist failure to the driving forces 
tending to cause failure.  A target minimum factor of safety of 1.3 is normally adopted for the 
design of embankment slopes under static conditions.  This factor of safety is considered 
adequate for the embankments at this site considering the design requirements and the field data 
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available.  The stability analyses were performed to check that the target minimum factor of 
safety was achieved for the design embankment height, excavation depths and geometries.  In 
general, circular slip surfaces were analyzed in the design.  Non-circular slip surfaces were not 
analyzed since there are no obvious thin/weaker zones within the clayey silt deposits. 

5.8.1.2 Parameter Selection 

The subsoils encountered at the site are composed of granular fill for the existing embankment, 
and natural deposits of soils (silt, sandy silt and gravelly sand) or cohesive materials (clayey silt 
and alluvium).  For granular soils, effective stress parameters were employed in the analyses 
assuming drained conditions.  The effective stress parameter (effective friction angle) for the 
granular soils was estimated from empirical correlations using the results of in situ SPT results, in 
conjunction with engineering judgement considering experience in similar soil conditions. 

For cohesive deposits below the embankment, effective-stress parameters were employed in the 
analyses assuming drained conditions.  This assumption is made based on the fact that the 
embankment has been in place since the 1950s and that no significant change in loading is 
anticipated.  The effective stress parameters for the cohesive soils below the embankment were 
derived based on correlations with the SPT results and other laboratory test data (natural water 
content and Atterberg limits) as well as empirical data for similar soils.   

For cohesive deposits outside the toe of the existing embankment, total-stress parameters were 
employed in the analyses assuming undrained (i.e. short-term or during construction) conditions 
for these soils.  The total stress parameters (i.e. average mobilized undrained shear strength – su) 
for the cohesive soils were derived based on the results of field vane shear tests (where 
applicable) and estimated from correlations with the SPT results and other laboratory test data 
(natural water content and Atterberg limits). 
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The parameters used in the stability analysis are given below: 

Soil Type Unit Weight* 
(kN/m3) 

Undrained Shear 
Strength (kPa) 

Angle of 
Internal 
Friction 

New Earth Fill 
(Assume Granular Material) 21 -- 35o 

New Rock Fill 19 -- 40o 
Existing Granular Fill 21 -- 32o 

Alluvium 15 10 n/a 
Silty Clay (below north embankment) 18 -- 26o to 28o 

Clayey Silt (toe of north slope) 18 20 n/a 
Clayey Silt (below south embankment) 18 -- 30o 

Clayey Silt (toe of south slope) 18 20 n/a 
Silt 19 -- 30o 

Silty Sand to Sandy Silt 19 -- 30o 
Gravelly Sand 21 -- 35o 

*  Groundwater table assumed to be at Elevation 284 m. 
 
5.8.1.3 Results of Analysis 

For the south abutment, there will be sufficient space between the abutment face and the shoreline 
to construct a 3H:1V slope.  Based on this slope geometry, assuming drained conditions and 
assuming no significant grade raise, a factor of safety of greater than 1.3 is obtained for the south 
abutment front slope, as shown on Figure 1.  The west side slope of the south abutment has a 
factor of safety greater than 1.3 for a slope geometry of 2H:1V as shown on Figure 2.  Therefore, 
no special mitigation measures are required for the south approach embankment side slopes and 
front slope. The front slope geometry of 3H:1V should be smoothly transitioned into the side 
slope geometry of 2H:1V. 

For the north abutment, there will be sufficient space between the abutment face and the shoreline 
to construct a 3H:1V slope.  Based on this slope geometry, assuming drained conditions and 
assuming no significant grade raise, a factor of safety of greater than 1.3 is obtained for the north 
abutment front slope, as shown on Figure 3. 

The north embankment existing west side slope geometry varies between 1.6H:1V and 2H:1V. 
These side slopes extend towards the water as the west shoreline extends to the north in this area. 
Embankment side slopes adjacent to the water and constructed at 2H:1V will have a factor of 
safety of greater than 1.3 as shown on Figure 4.  However, the existing northwest side slope 
geometry of 1.6H:1V adjacent to the water has a factor of safety of less than 1.3, as shown on 
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Figure 5.  Depending on the final roadway and slope geometry, a 2H:1V side slope (i.e. projected 
back from the toe of the slope) may be feasible.  If such a slope is not possible, then ground 
improvement would be required to mitigate potential stability issues in this area to increase the 
factor of safety to that normally adopted by MTO (i.e. FoS ≥ 1.3).  The details of the 
slope/roadway geometry are still to be developed and confirmed by the designer.  These 
mitigation measures would be required over a limited area of the side slope, extending from the 
abutment to about 15 m beyond the abutment. 

5.8.1.4 Mitigation of Stability (Northwest Slope) 

In order to achieve a factor of safety greater than 1.3 for the north embankment slope, where the 
existing geometry is as steep as 1.6H:1V, consideration could be given to several mitigation 
alternatives.  These measures could consist of sub-excavation of soft materials at the toe of the 
slope in combination with overall slope flattening (toe berms) and /or placement of rock fill, a 
pile supported retaining wall, a geogrid reinforced slope, or the use of lightweight fill to reduce 
embankment loading.  The advantages, disadvantages, relative costs and risks/consequences are 
compared and ranked in Table 5.  Based on our comparison of the alternatives and the results of 
the slope stability analysis presented below, we recommend that sub-excavation of the soft 
alluvium be carried out at the toe of the slope and replaced with rock fill, in conjunction with 
replacing a portion of the slope with rock fill and keeping the same slope geometry of 1.6H:1V. 
Since rock fill is not readily available on this project, the designer will have to consider a 
potential rock borrow source if the rock fill alternative is used in the design.   

Since the slope extends to the water, any modifications to the slope geometry will impact the 
water channel.  All of the mitigation alternatives discussed below will impact the water channel 
except the pile supported retaining wall and possibly the geogrid reinforced embankment. 

Our recommended alternative to achieve a factor of safety greater than 1.3 involves sub-
excavation of the soft material at the toe of the existing slope and excavating a portion of the 
existing granular fill embankment.  The sub-excavated material should be replaced with rock fill 
and the excavated portion of the slope should be reconstructed with rock fill, as shown on Figures 
6 and 7.  If the current slope geometry of 1.6H:1V is desired, then a permanent toe berm, 6 m 
wide and 1 m high (above the existing water level), would also be required.  If a slope geometry 
of 2H:1V is permissible, then the toe berm would not be required; however, the sub-excavation 
would still be required as shown on Figure 7.  Sub-excavation of very soft to soft alluvium and 
clayey silt materials at the toe of slope should be carried out to Elevation 281 m.  

It should be noted that normally rock fill embankments are constructed at 1.25H:1V.  In this case, 
sub-excavation of the soft materials at the toe of the slope would still be required to obtain a 
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factor of safety greater than 1.3, although to a slightly lesser extent into the lake as compared with 
the 1.6H:1V and 2H:1V rock fill side slope alternatives.  

Alternatively, consideration could be given to an approximately 15 m long pile-supported 
retaining wall to support the road embankment, extending back from the abutment wall to the 
location where a full 2H:1V side slope presently exists or where there is space available to allow 
for construction for such a slope geometry.  Assuming a fill slope of 3H:1V in front of the 
retaining wall, a factor of safety greater than 1.3 would be obtained for a wall height of about 5 m 
(similar geometry to Figure 3).  Recommendations with respect to piling and backfilling will be 
the same as for the bridge abutments and are given elsewhere in this report.  This 
wall/embankment configuration would likely have minimal impact to the water channel but 
would be expensive. 

If a retaining wall is not practical or economical, then consideration could be given to a geogrid 
reinforced slope constructed to the current slope geometry of 1.6H:1V.  A geogrid reinforced 
embankment  would result in a factor of safety of greater than 1.3.  Such a design would be 
proprietary.  This alternative would require re-construction of the existing embankment using 
granular fill to incorporate the geogrids.  The existing embankment slope would have to be cut 
back to a width of at least 0.8H to accommodate the reinforcing strips.  Some excavation below 
the water level may also be required.   

Alternatively, consideration could be given to the use of lightweight fill such as ultra lightweight 
slag or expanded polystyrene (EPS) to construct a portion of the northwest embankment.  This 
would reduce the loading and, therefore, the existing west side slope geometry of 1.6H:1V would 
result in a factor of safety of greater than 1.3.  However, the cost of using slag fill or EPS fill is 
typically an order of magnitude greater than other options and EPS could only be used above the 
water level.  It should be noted both EPS and slag fills can only be used above the water line.   

5.8.2 Settlement 

Given that there is no significant  grade raise or widening proposed in this area, and given that the 
firm to very stiff clayey silt to silty clay soils at the abutments are overconsolidated, consolidation 
settlement is expected to be minimal.  Any such settlement is expected to occur during 
construction.  

For the minor widening or slope re-construction, granular earth fill should be used to be 
consistent with the existing embankment material.  If cohesive earth fill (i.e. fill containing more 
than 20% passing the No. 200 sieve) is used for the re-construction of the embankments, the 
settlement could be up to about 15 mm and this settlement would occur after construction.  The 
existing embankment fill removed as a result of cutting back the abutments by 10 m should be 
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suitable for re-use in embankment re-construction.  However, the appropriate geotechnical testing 
would have to be carried out during construction to confirm this. 

If the rock fill configuration described in the stability mitigation alternative is chosen, some 
settlement of the rock fill will occur and will be differential relative to the remaining 
embankment.  The total magnitude of settlement of the rock fill, properly placed, 
compacted/chinked and keyed into the existing embankment should be less than 15 mm. 

The embankment widening/re-construction should be constructed using acceptable earth fill 
properly placed and compacted in accordance with SP206S03.  

5.9 Subgrade Preparation and Embankment Construction 

The existing embankments are to be widened or reconfigured slightly.  Where this occurs, the 
topsoil/vegetation shall be removed from the existing slopes and the subgrade surface along the 
area of expanded toe before additional fill is placed.  The existing fill and native subsoils are 
considered to be an appropriate subgrade; however, all softened/loosened soils should be stripped 
from below the approach embankment areas and, where possible, all subgrade soils should be 
proof-rolled prior to placement of new fill.   

Although the embankment height is up to 10 m at this site, the effective embankment heights are 
less than 6 m and therefore do not require a mid-height berm (in accordance with Northeastern 
Region Directives). 

Due to the limited amount of slope widening/reconfiguration, we assume that earth fill will be 
used for this purpose; however, rock fill may be used in the remediation of the northwest slope. 
Earth fill and rock fill materials and placement should be carried out in accordance with the 
requirements as outlined in Special Provision SP206S03 and the newly exposed subgrade should 
be proof-rolled prior to fill placement.  Side slopes for earth fill embankments should be no 
steeper than 2H:1V.  Special requirements with respect to the abutment front slope geometry are 
given in Section 5.8. 

The final lift of fill prior to placement of the granular subbase and base courses should be 
compacted to 100 percent of the Standard Proctor maximum dry density.  Inspection and field 
density testing should be carried out by qualified personnel during placement operations to ensure 
that appropriate materials are used and that adequate levels of compaction have been achieved. 

In order to minimize differential settlement between the existing embankment slopes and the 
newly placed embankment fill, the new fill should be keyed into the existing slope as per 
OPSD 208.01.   
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The abutment front slopes and any side slopes adjacent to the lake require erosion protection. 
Erosion protection should be placed on the slopes to at least 0.5 m above the design high water 
level.  Erosion protection could consist of a minimum 0.6 m thick layer of rip rap (300 mm 
diameter), rock protection or concrete slope paving.  The potential for scour below the footings 
and pile/caisson caps must be taken into account in the design of the bridge foundations. 

To reduce surface water erosion on the embankment side slopes, topsoil and seeding should be 
carried out as soon as possible.  If this slope protection is not in place before winter, then alternate 
protection measures, such as covering the slope with straw or gravel sheeting to prevent erosion, 
will be required to reduce the potential for remedial works on the side slopes in the spring prior to 
topsoil and seeding.  The requirement to vegetate the embankment side slopes does not apply to 
rock fill slopes. 

5.10 Design and Construction Considerations 

5.10.1 Excavations and Groundwater Control 

5.10.1.1 Abutments 

It is anticipated that the excavations for the abutment pile caps will extend through compact to 
dense fill consisting of sand to silty sand to silt, at both abutments.  Excavations for abutment pile 
cap construction should be above the groundwater level which was recorded at between Elevation 
284.4 m and Elevation 289.0 m at the south abutment (rising towards the south) and between 
Elevation 283.8 m (in an open borehole during drilling) and Elevation 285.1 m at the north 
approach (rising towards the north).  Temporary excavation side slopes through these deposits 
should be made at no steeper than 1.5H:1V.  Excavations should be carried out in accordance 
with the guidelines outlined in the latest edition of the Occupational Health and Safety Act 
(OHSA) for Construction Activities and good construction practice.  The compact to dense sand 
to silty sand to silt fill is classified as Type 3 soil, according to the OHSA.  

It should be noted that as part of the NBL widening contract, the existing foundations for the SBL 
structure will be removed to 0.6 m below the ground surface at the abutments and below the lake 
bed at the piers.  Excavations made for the abutment pile caps and to remove the existing 
abutments could extend below the water table.  Groundwater inflow into the excavations is 
expected to be small and it is expected that the groundwater may generally be controlled by 
pumping from well-filtered sumps at the base of the excavations.  Surface water should be 
directed away from the excavations at all times. 

If excavation support for protection of the existing roadway at the abutments is required at this 
site, then temporary excavation support systems should be designed and constructed in 
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accordance with Special Provision SP105S19.  The lateral movement of the temporary shoring 
system should meet Performance Level 2 as specified in SP105S19. 

5.10.1.2 Piers 

At the piers, it will be necessary to excavate below the lake level and, therefore, cofferdams will 
be required at these locations.  It is understood that there is a special provision for cofferdams that 
is typically used in MTO Contracts for this purpose.  The design is the responsibility of the 
contractor.  Sheet-pile cofferdams are feasible at this site.  The steel sheet piles would have to 
extend to sufficient depth into the clayey silt deposit to provide for water cut-off and to prevent 
basal heave.  Alternatively, a pre-fabricated cofferdam could be constructed as discussed in 
Section 5.2.  The cofferdam should be designed so that the disturbance to the existing foundation 
is minimized.  NSSPs will be required to inform the contractor that the pile cap construction must 
be carried out in the dry; examples are included in Appendix B for reference. 

Removal of the existing pier caps and piles to 0.6 m below the lake bed will involve shallow 
excavation into the very soft clayey silt alluvium and/or very soft to firm clayey silt.  Temporary 
excavations side slopes within this material below the lake bed will likely form naturally between 
about 3H:1V to 4H:1V although some sloughing may still occur.  Cofferdams may be required to 
allow for removal of the piles below the lake bed.   

5.10.2 Obstructions 

Cobbles and boulders were encountered within the compact to very dense gravelly sand deposit, 
typically within 2 m of the bedrock surface.  Consequently, there could be difficulties installing 
piles or caissons at this site.  An NSSP should be included in the contract document to alert the 
contractor to such potential construction difficulties.  An example NSSP is included in 
Appendix B for reference. 

5.10.3 Vibration Monitoring 

The proposed structure foundations will be located about 7 m from the new widened NBL 
foundation elements in some locations.  Given this (minimum) separation distance, it is not 
considered necessary to carry out vibration monitoring.   
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TABLE 1 
EVALUATION OF FOUNDATION ALTERNATIVES  

VERNON LAKE NARROWS REPLACEMENT OF SOUTHBOUND STRUCTURE 
W.P 94-89-01, SITE NO. 42-018 
HIGHWAY 11, HUNTSVILLE 

Options Advantages Disadvantages Relative Costs Risks/Consequences 

Steel H-piles driven to 
bedrock 

• Can found piles below the 
scour elevation. 

• Similar construction to existing 
foundations. 

• Possibility of piles “hanging up” on boulders on 
very dense deposits at a few locations. 

• Cofferdam construction required for pile cap 
construction in lake.  Permanent steel caissons 
tremie backfilled through the clay deposits to 
provide pile cap construction in the dry. 

• Typical pile cost = $200/m • Minimal disturbance to 
existing foundations 

Caissons socketted 
into bedrock 

• Can found caissons below the 
scour elevation. 

• Reduced number of deep 
elements compared to piles. 

• Possible elimination of pile 
caps and therefore cofferdams. 

• Temporary liners would be required for 
groundwater control. 

• Concrete for caissons would have to be placed 
by tremie methods below the water level. 

• May require specialized construction techniques 
to remove/penetrate cobbles and boulders. 

• May be difficulty in socketting caissons into 
strong to very strong gneiss bedrock. 

• Typical caisson cost = 
$4,900/m (plus $95,000 
mobilization) 

• Potential disturbance to 
existing foundations 

NOTES: 
1. This table should be read in conjunction with Section 5.0 of the Foundation Investigation and Design Report. 

 Checked By:  SEMC 

 Reviewed By:  JMAC 
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TABLE 2 
PROPOSED PILE TIP ELEVATION 

VERNON LAKE NARROWS REPLACEMENT OF SOUTHBOUND STRUCTURE 
W.P 94-89-01, SITE NO. 42-018 
HIGHWAY 11, HUNTSVILLE 

Foundation 
Element 

Side of 
Foundation 

Element 

Relevant 
Borehole 

Ground 
Surface/Lake Bed 

Elevation (m) 

Surface of Very Dense 
Gravelly Sand (m) 

Approximate Surface of 
Bedrock/Design Pile Tip 

Elevation (m) 

Approximate Pile 
Length(2) (m) 

East 06-17 294.0 279.5(3) 273.5(4) 14.5 South 
Abutment West 06-19 287.8 274.0 273.5 14.5 

East 06-16 281.5 270.5 268.0 13.5 
Pier #1 

West 06-20 282.3 272.0 268.0(5) 14.3 
East 06-15 279.7 266.0 263.0(6) 16.7 

Pier #2 
West 06-21 278.9 264.5 263.0 15.9 
East 06-14 281.3 -- 261.5 19.8 

Pier #3 
West 06-22 281.7 -- 260.5 21.2 
East 06-13 281.8 267.0 266.0 15.8 

Pier #4 
West 06-23 282.4 267.0 266.5 15.9 
East 06-12 293.0 271.5 271.0 18.0 North 

Abutment West 06-24 292.9 -- 270.5 18.5 

NOTES: 
1. This table should be read in conjunction with Section 5.4 of the Foundation Investigation and Design Report. 
2. Approximate pile length below the underside of pile cap, assumed to be at about Elev. 289 m N. Abutment and Elev. 288 S. Abutment; approximate pile 

length below the lake bed at the piers. 
3. Based on difficult drilling in BH06-17. 
4. Based on bedrock surface confirmed by coring at BH06-19, located 14 m west of abutment. 
5. Based on bedrock surface confirmed by coring at BH06-16. 
6. Based on bedrock surface confirmed by coring at BH06-21. Checked By:  SEMC 
 Reviewed By:  JMAC 
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TABLE 3 

PROPOSED BASE OF CASING ELEVATION 
VERNON LAKE NARROWS REPLACEMENT OF SOUTHBOUND STRUCTURE 

W.P 94-89-01, SITE NO. 42-018 
HIGHWAY 11, HUNTSVILLE 

Foundation 
Element 

Relevant Borehole Proposed Base of Casing 
Elevation (m) 

Pier #1 06-16 & 06-20 278.5 

Pier #2 06-15 & 06-21 271.5 

Pier #3 06-14 & 06-22 270.0 

Pier #4 06-13 & 06-23 273.0 

NOTES: 
1. This table should be read in conjunction with Section 5.4 of the Foundation 

Investigation and Design Report. 
 Checked By:  SEMC 

 Reviewed By:  JMAC 
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TABLE 4 
PARAMETERS FOR HORIZONTAL SUBGRADE REACTION 

VERNON LAKE NARROWS REPLACEMENT OF SOUTHBOUND STRUCTURE 
W.P 94-89-01, SITE NO. 42-018,  
HIGHWAY 11, HUNTSVILLE 

Elevation (m) Foundation 
Element 

Relevant 
Borehole Soil Unit 

East Side West Side 
nh 

(MPa/m) 
su 

(kPa) 

South 
Abutment 

E: 06-17 
W: 06-19 

Loose to dense sand (fill) 
Firm to stiff clayey silt to silty clay 
Loose to compact silt 
Compact gravelly sand/silty sand 

Ground surface to 286.3 
286.3 to 282.4 
282.4 to 279.4 
279.4 to 276.8 

n/a 
Ground surface to 282.0 

282.0 to 279.2 
279.2 to 273.5 

1.8 
-- 

1.3 
4.4 

-- 
60 
-- 
-- 

Pier #1 E: 06-16 
W: 06-20 

Very soft to firm clayey silt 
Loose to compact silt 
Loose to very dense silty sand 
Compact to very dense gravelly sand/silty sand 

Lake bed to 279.5 
279.5 to 275.6 

n/a 
275.6 to 268.0 

Lake bed to 279.9 
279.9 to 276.9 
276.9 to 273.6 
273.6 to 268.5 

-- 
1.3 
4.4 
11 

40 
-- 
-- 
-- 

Pier #2 E: 06-15 
W: 06-21 

Very soft to stiff clayey silt 
Compact silt 
Compact silty sand 
Compact to very dense gravelly sand/silty sand 

Lake bed to 272.4 
272.4 to 270.8 
270.8 to 269.3 
269.3 to 264.7 

Lake bed to 272.5 
272.5 to 270.8 
270.8 to 267.9 
267.9 to 263.1 

-- 
4.4 
4.4 
11 

30 
-- 
-- 
-- 

Pier #3 E: 06-14 
W: 06-22 

Very soft clayey silt (alluvium) 
Very soft to firm clayey silt 
Loose to compact silt 
Compact silty sand 
Compact to dense gravelly sand/silty sand 

Lake bed to 279.1 
279.1 to 271.0  
271.0 to 269.3 
269.3 to 265.4 
265.4 to 261.5 

Lake bed to 278.6 
278.6 to 271.0 
271.0 to 267.2 
267.2 to 263.7 
263.7 to 260.4 

-- 
-- 

1.3 
4.4 
4.4 

10 
20 
-- 
-- 
-- 

Pier #4 E: 06-13 
W: 06-23 

Very soft clayey silt (alluvium) 
Very soft to firm clayey silt 
Compact to loose silt 
Compact sandy silt to gravelly sand/silty sand 

Lake bed to 278.3 
278.3 to 273.9 
273.9 to 269.3 
269.3 to 266.0 

Lake bed to 279.1 
279.1 to 273.9 
273.9 to 270.8 
270.8 to 266.8  

-- 
-- 

1.3 
4.4 

10 
20 
-- 
-- 

North 
Abutment 

E: 06-12 
W: 06-24 

Very loose to dense sand (fill) 
Compact silt 
Firm silty clay to clayey silt 
Loose to compact sandy silt 
Compact gravelly sand/silty sand 

Ground surface to 282.6 
282.6 to 281.1 
281.1 to 278.1 
278.1 to 272.9 
272.9 to 271.4 

Ground surface to 282.3 
n/a 

282.3 to 276.2 
276.2 to 273.1 
273.1 to 270.8 

1.8 
4.4 
-- 

1.3 
4.4 

-- 
-- 
30 
-- 
-- 

NOTES: Checked By:  SEMC 
1. This table should be read in conjunction with Section 5.4.2 of the Foundation Investigation and Design Report. Reviewed By:  JMAC 
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TABLE 5 
EVALUATION OF STABILITY MITIGATION ALTERNATIVES – NORTHWEST SLOPE  

VERNON LAKE NARROWS REPLACEMENT OF SOUTHBOUND STRUCTURE 
W.P 94-89-01, SITE NO. 42-018 
HIGHWAY 11, HUNTSVILLE 

Options Rank Advantages Disadvantages Relative Costs Risks/Consequences 

Final Slope 
1.6H:1V 
Rock Fill 
Sub-excavation 
Toe Berm 

1 • Keeps same overall slope angle in 
this area 

• Removal of soft material at toe of 
slope increases factor of safety 

• Will impact water channel 
• Will temporarily impact roadway 
• Excavation of existing fill required 
• Disposal of soft material (alluvium and 

clayey silt) required 

• Cost of removing existing 
fill and replacing with 
offsite rock fill, plus fill 
for backfill for sub-
excavation and toe berm 

• Potential for minor 
differential settlement in 
final road alignment 

Final Slope 
2H:1V 
Rock Fill 
Sub-excavation 

2 • Removal of soft material at toe of 
slope increases factor of safety 

• Greater encroachment length on water 
channel 

• Larger rock fill volume required 
• Will temporarily impact roadway 
• Final shoreline will be altered 
• Excavation of existing fill required 
• Disposal of soft material (alluvium and 

clayey silt) required 

• Cost of removing existing 
fill and replacing with 
offsite rock fill, plus fill 
for backfill of sub-
excavation 

• Increased costs due to 
larger volume of rock fill 
required 

• Potential for minor 
differential settlement in 
final road alignment 

RSS Wall  
Founded on 
Existing 
Embankment 
Material (5 m 
high) 

3 • Minimal impact to shoreline/water 
channel 

• Requires nominal bearing resistance 
• Accommodates some differential 

settlement 

• Increased cost due to reinforcing strips 
and facing 

• Requires additional excavation of roadway 
embankment to accommodate reinforcing 
strips 

• Less expensive than pile-
supported retaining wall 
but more expensive than 
rock fill embankment 

• Low risk 
• Differential settlement 

may be accommodated 
by the RSS wall 

Final Slope 
1.6H:1V 
Geogrid 
Reinforced 
Embankment 

4 • Keeps same overall slope 
• Sub-excavation of soft alluvium and 

clayey silt probably not required 

• Could impact water channel and require 
sub-excavation of soft materials, 
depending on final design 

• Excavation of existing embankment fill 
material required, may be able to re-use 
fill for slope backfill 

• Preparing a suitable sub-base may be 
difficult given the proximity to the water 
channel 

• Cost of wall design and 
construction 

• Potentially low risk but 
slope deformation could 
occur due to 
consolidation of the soft 
materials at the toe of the 
reinforced slope 
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Options Rank Advantages Disadvantages Relative Costs Risks/Consequences 

Pile Supported 
Retaining Wall 

5 • No impact to roadway or shoreline • Increased cost due to pile driving, 
however, abutment will be piled and 
would save on mobilization cost 

• Cost of piling and wall 
design/construction 

• Low risk 

Lightweight 
Fill (slag, EPS) 

6 • Minimal impact to water course 
• Reduction in fill loading increases 

factor of safety 

• Cost is high 
• Concrete slab may be required 
• EPS can only be used above the water 

level 

• Typically an order of 
magnitude higher than 
other options 

• Low risk  
 

NOTES: Checked By:  SEMC 
1. This table should be read in conjunction with Section 5.0 of the Foundation Investigation and Design Report. Reviewed By:  JMAC 
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LIST OF ABBREVIATIONS 
 

The abbreviations commonly employed on Records of Boreholes, on figures and in the text of the report are as follows: 

1. SAMPLE TYPE 
 
AS Auger sample 
BS Block sample 
CS Chunk sample 
SS Split-spoon 
DS Denison type sample 
FS Foil sample 
RC Rock core 
SC Soil core 
ST Slotted tube 
TO Thin-walled, open 
TP Thin-walled, piston 
WS Wash sample 
 
II. PENETRATION RESISTANCE 
 
 
Standard Penetration Resistance (SPT), N: 

The number of blows by a 63.5 kg. (140 lb.) 
hammer dropped 760 mm (30 in.) required to drive 
a 50 mm (2 in.) drive open sampler for a distance of 
300 mm (12 in.). 
 
 

Dynamic Cone Penetration Resistance, Nd: 
The number of blows by a 63.5 kg. (140 lb.) 
hammer dropped 760 mm (30 in.) to drive uncased 
a 50 mm (2 in.) diameter, 60° cone attached to “A” 
size drill rods for a distance of 300 mm (12 in.). 
 
 

PH: Sampler advanced by hydraulic pressure 
PM: Sampler advanced by manual pressure 
WH: Sampler advanced by static weight of hammer 
WR: Sampler advanced by weight of sampler and rod 
 
 
Piezocone Penetration Test (CPT) 

An electronic cone penetrometer with a 60° conical 
tip and a project end area of 10 cm2 pushed through 
ground at a penetration rate of 2 cm/s.  
Measurements of tip resistance (Qt), porewater 
pressure (PWP) and friction along a sleeve are 
recorded electronically at 25 mm penetration 
intervals.  
 
 
 
 
 
 
 
 
 

III. SOIL DESCRIPTION 
 
 (a) Cohesionless Soils 
 
 Density Index  N 
(Relative Density)  Blows/300 mm or Blows/ft. 
 
 Very loose 0 to 4 
 Loose 4 to 10 
 Compact 10 to 30 
 Dense 30 to 50 
 Very dense over  50 
 
 
 (b) Cohesive Soils 
 
Consistency 
 Cu,Su 
 kPa  psf 
Very soft 0 to 12 0 to 250 
Soft 12 to 25 250 to 500 
Firm 25 to 50 500 to 1,000 
Stiff 50 to 100 1,000 to 2,000 
Very stiff 100 to 200 2,000 to 4,000 
Hard over  200 over  4,000 
 
 
IV. SOIL TESTS 
 
w water content 
wp plastic limit 
wl liquid limit 
C consolidation (oedometer) test 
CHEM chemical analysis (refer to text) 
CID consolidated isotropically drained triaxial test1 

CIU consolidated isotropically undrained triaxial test 
with porewater pressure measurement1 

DR relative density (specific gravity, Gs) 
DS direct shear test 
M sieve analysis for particle size 
MH combined sieve and hydrometer (H) analysis 
MPC Modified Proctor compaction test 
SPC Standard Proctor compaction test 
OC organic content test 
SO4 concentration of water-soluble sulphates 
UC unconfined compression test 
UU unconsolidated undrained triaxial test 
V field vane (LV-laboratory vane test) 
γ unit weight 
 
Note: 1 Tests which are anisotropically consolidated prior 

to shear are shown as CAD, CAU. 



N:\admin_gal\Clerical\Forms\Geotechnical\List of Symbols.doc 

 

 

 

Golder Associates 

LIST OF SYMBOLS 
 

Unless otherwise stated, the symbols employed in the report are as follows: 

1. GENERAL 
 
π 3.1416 
in x, natural logarithm of x 
log10 x or log x, logarithm of x to base 10 
g acceleration due to gravity 
t time 
F factor of safety 
V volume 
W weight 
 
 
 
II. STRESS AND STRAIN 
 
γ shear strain 
∆ change in, e.g. stress: ∆σ 
ε linear strain 
εv volumetric strain 
η coefficient of viscosity 
ν Poisson’s ratio 
σ total stress 
σ′ effective stress (σ′ = σ-u) 
σvo initial effective overburden stress 
σ1, σ2, σ3 principal stress (major, intermediate, minor) 
σoct mean stress or octahedral stress 
 = (σ1 + σ2 + σ3)/3 
τ shear stress 
u porewater pressure 
E modulus of deformation 
G shear modulus of deformation 
K bulk modulus of compressibility 
 
 
III. SOIL PROPERTIES 
 
 (a) Index Properties 
 
ρ(γ) bulk density (bulk unit weight*) 
ρd(γd) dry density (dry unit weight) 
ρw(γw) density (unit weight) of water 
ρs(γs) density (unit weight) of solid particles 
γ′ unit weight of submerged soil (γ′ = γ-γw) 
DR relative density (specific gravity) of solid 

particles (DR = ρs/ρw) (formerly Gs) 
e void ratio 
n porosity 
S degree of saturation 
 
 
* Density symbol is ρ.  Unit weight symbol is γ 

where γ = ρg (i.e. mass density x acceleration 
due to gravity). 

 

 (a) Index Properties (continued) 
 
w water content 
wl liquid limit 
wp plastic limit 
Ip plasticity index – (wl – wp) 
ws shrinkage limit 
IL liquidity index = (w – wp)/Ip 
Ic consistency index = (wl – w)/Ip 
emax void ratio in loosest state 
emin void ratio in densest state 
ID density index = (emax – e) / (emax – emin) 
 (formerly relative density) 
 
 (b) Hydraulic Properties 
 
h hydraulic head or potential 
q rate of flow 
v velocity of flow 
i hydraulic gradient 
k hydraulic conductivity (coefficient of permeability) 
j seepage force per unit volume 
 
 (c) Consolidation (one-dimensional) 
 
Cc compression index (normally consolidated range) 
Cr recompression index (over-consolidated range) 
Cs swelling index 
Ca coefficient of secondary consolidation 
mv coefficient of volume change 
cv coefficient of consolidation 
Tv time factor (vertical direction) 
U degree of consolidation 
σ′p pre-consolidation pressure 
OCR over-consolidation ratio = σ′p/ σ′vo 
 
 (d) Shear Strength 
 
τp, τr peak and residual shear strength 
φ′ effective angle of internal friction 
δ angle of interface friction 
μ coefficient of friction = tan δ 
c′ effective cohesion 
cu,su undrained shear strength (φ = 0 analysis) 
p mean total stress (σ1 + σ3)/2 
p′ mean effective stress (σ′1 + σ′3)/2 
q (σ1 + σ3)/2 or (σ′1 + σ′3)/2 
qu compressive strength (σ1 + σ3) 
St sensitivity 
 
 
 
 
Notes: 1 τ = c′ + σ′ tan φ′ 
 2 Shear strength = (Compressive strength)/2 
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CLAYEY SILT, trace sand,
occasional sand seams, varved
Firm to very stiff
Grey
Moist to wet

Sand to silty sand, trace gravel
(FILL)
Very dense to compact
Brown
Moist

Sand and gravel (FILL)
Brown
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2.3

CLAYEY SILT to SILTY CLAY, trace
sand
Very soft to firm
Grey
Wet

SILT, some sand, trace clay, trace
organics
Compact
Grey
Wet

Sand to silty sand, trace to some
gravel (FILL)
Compact to loose
Brown
Moist to wet

Sand and gravel (FILL)
Brown
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All joints and foliations are planar and
smooth except where noted.
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depth
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FIGURE 1STABILITY ANALYSIS
South Abutment Front Slope
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FIGURE 2STABILITY ANALYSIS
South Approach Embankment Side Slope

1

2

3

4

5

1.531

EXISTING ROAD

Material #: 1
Description: Existing Granular Fil l
Wt: 21
Phi: 32

Material #: 2
Description: Clayey Silt to Sil ty Clay
Wt: 18
Phi: 30

Material #: 3
Description: Silt
Wt: 19
Phi: 30

Material #: 4
Description: Gravelly Sand to Si lty Sand
Wt: 21
Phi: 35

Material #: 5
Description: Bedrock

2

Figure 2.gsz

1

-5 0 5 10 15 20 25 30
270

275

280

285

290

295



Date: July 2007 Drawn: AB
Project: 06-1191-001-S Checked: SEMCGolder Associates

FIGURE 3STABILITY ANALYSIS
North Abutment Front Slope
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FIGURE 4
STABILITY ANALYSIS

North Approach Embankment
Existing 2H:1V Northwest Side Slope

1

2

3 4

5
6

7 8

9

10

1.302

Figure 4.gsz

2

EXISTING ROAD

1

Material #: 1
Description: Water
Wt: 9.807

Material #: 2
Description: Existing Granular  Fill
Wt: 21
Phi: 32

Material #: 3
Description: Alluvium
Wt: 15
Cohesion: 10

Material #: 4
Description: Clayey  Silt to Silty Clay
Wt: 18
Phi: 26

Material #: 5
Description: Clayey  Silt to Silty Clay
Wt: 18
Phi: 28

Material #: 6
Description: Clayey  Silt ( toe of slope)
Wt: 18
Cohesion: 20

Material #: 7
Description: Silt
Wt: 19
Phi: 30

Material #: 8
Description: Silty  Sand to Sandy Silt
Wt: 19
Phi: 30

Material #: 9
Description: Gravelly Sand to Silty Sand
Wt: 21
Phi: 35

Material #: 10
Description: Bedroc k

-5 5 15 25 35 45
265

270

275

280

285

290

295



Date: July 2007 Drawn: AB
Project: 06-1191-001-S Checked: SEMCGolder Associates

FIGURE 5
STABILITY ANALYSIS

North Approach Embankment
Existing 1.6H:1V Northwest Side Slope
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FIGURE 6
STABILITY ANALYSIS

North Approach Embankment
Northwest Rock Fill Side Slope with Sub-excavation and Toe Berm (1.6H:1V)
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FIGURE 7
STABILITY ANALYSIS

North Approach Embankment
Northwest Rock Fill Side Slope with Sub-excavation (2H:1V)
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TABLE A-1 
UNIAXIAL COMPRESSION STRENGTH TEST RESULTS 

REPLACEMENT OF SOUTHBOUND STRUCTURE 
W.P 94-89-01, SITE NO. 42-018 
HIGHWAY 11, HUNTSVILLE 

 
 

 Golder Associates 

 

Borehole 
Number 

Sample Depth 
(m) 

Sample 
Elevation (m) 

Rock 
Type 

Core Diameter 
(mm) 

Load 
(kN) 

Unconfined  
Compressive Strength 

(MPa) 

06-14 24.8 259.3 Gneiss 47.0 75.8 44 
06-16 18.4 265.7 Gneiss 47.0 149.3 86 
06-24 23.3 269.6 Gneiss 47.0 86.1 50 

 
 
 Checked by: SEMC 
 Reviewed By:  JMAC 
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TABLE A-2 
POINT LOAD STRENGTH TEST RESULTS 

REPLACEMENT OF SOUTHBOUND STRUCTURE  
W.P 94-89-01, SITE NO. 42-018 
HIGHWAY 11, HUNTSVILLE 

 

 Golder Associates 

Borehole 
Number 

Sample 
Depth 1 

(m) 

Sample 
Elevation 

(m) 

Rock 
Type 

Test 
Type 2 

Core 
Diameter 

(mm) 

Ram 
Pressure 
(MPa) 

Load 
(kN) 

Is Diametral 2 
(MPa) 

Is  
50 mm 2 

(MPa) 

Approximate 
UCS 2 (MPa) 

06-13 19.8 264.3 Gneiss D 47.0 10.4 0.010 4.5 4.3 86 
06-13 22.1 262.0 Gneiss D 47.0 12.4 0.012 5.3 5.2 104 
06-14 23.6 260.5 Gneiss D 47.0 11.0 0.010 4.7 4.6 92 
06-14 25.4 258.7 Gneiss D 47.0 10.8 0.010 4.6 4.5 90 
06-16 16.6 267.5 Gneiss D 47.0 11.4 0.011 4.9 4.7 94 
06-16 18.6 265.5 Gneiss D 47.0 12.2 0.012 5.2 5.1 102 
06-19 14.9 272.9 Gneiss D 47.0 12.0 0.011 5.2 5.0 100 
06-19 17.0 270.8 Gneiss D 47.0 14.3 0.014 6.1 6.0 120 
06-21 21.2 262.9 Gneiss D 47.0 18.0 0.017 7.7 7.5 150 
06-21 23.5 260.6 Gneiss D 47.0 14.3 0.014 6.1 6.0 120 
06-24 22.6 270.3 Gneiss D 47.0 9.3 0.009 4.0 3.9 78 
06-24 24.8 268.1 Gneiss D 47.0 9.0 0.009 3.9 3.8 76 

 
 
NOTES: 1. Depths are given below the ground surface at the borehole location. 
 2. Where: D = Diametral test; 
   Is Diametral = Uncorrected point load strength; 
   Is 50 mm = Corrected point load strength; and 
   UCS = Unconfined compressive strength = Is 50 mm X 20 (based on experience with similar rock types) 
 3.  Based on removal of the 2 highest and 2 lowest values 
 
 Checked by: SEMC 
 Reviewed By:  JMAC 
 

Average3 4.9 98 
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OEDOMETER CONSOLIDATION SUMMARY

Project Number 06-1191-001-S Sample Number 11
Borehole Number 06-11 Sample Depth, m 12.2-12.8

Test Type Standard Load Duration, hr 24
Oedometer Number 7
Date Started 08/08/2006
Date Completed 08/19/2006

Sample Height, cm 1.90 Unit Weight, kN/m 3 18.60
Sample Diameter, cm 6.35 Dry Unit Weight, kN/m 3 14.14
Area, cm2 31.65 Specific Gravity, measured 2.64
Volume, cm3 60.13 Solids Height, cm 1.038
Water Content, % 31.53 Volume of Solids, cm 3 32.85
Wet Mass, g 114.08 Volume of Voids, cm 3 27.28
Dry Mass, g 86.73 Degree of Saturation, % 100.3

Corr. Average
Pressure Height Void Height t90 cv. mv k

kPa cm Ratio cm sec cm2/s m2/kN cm/s
0.00 1.900 0.830 1.900
4.83 1.894 0.825 1.897 7 1.09E-01 6.54E-04 6.98E-06
9.55 1.888 0.819 1.891 16 4.74E-02 6.69E-04 3.11E-06
19.51 1.879 0.810 1.884 15 5.01E-02 4.76E-04 2.34E-06
38.71 1.866 0.798 1.873 15 4.96E-02 3.56E-04 1.73E-06
77.44 1.851 0.783 1.859 26 2.82E-02 2.04E-04 5.63E-07

154.78 1.831 0.764 1.841 21 3.42E-02 1.36E-04 4.56E-07
312.33 1.796 0.730 1.814 11 6.34E-02 1.17E-04 7.26E-07
620.72 1.755 0.691 1.776 12 5.57E-02 7.00E-05 3.82E-07
1239.28 1.708 0.645 1.732 19 3.35E-02 4.00E-05 1.31E-07
2481.22 1.655 0.594 1.682 20 3.00E-02 2.25E-05 6.60E-08
1239.28 1.665 0.604 1.660
312.33 1.684 0.622 1.675
77.44 1.702 0.640 1.693
19.51 1.722 0.659 1.712
4.83 1.738 0.674 1.730

Note:
k calculated using cv based on t90 values.

SAMPLE DIMENSIONS AND PROPERTIES - FINAL

Sample Height, cm 1.74 Unit Weight, kN/m 3 19.93
Sample Diameter, cm 6.35 Dry Unit Weight, kN/m 3 15.46
Area, cm2 31.65 Specific Gravity, measured 2.64
Volume, cm3 55.01 Solids Height, cm 1.038
Water Content, % 28.89 Volume of Solids, cm 3 32.85
Wet Mass, g 111.79 Volume of Voids, cm 3 22.15
Dry Mass, g 86.73

Prepared By: LFG Checked By: MM
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CONSOLIDATION TEST 
VOID RATIO vs  PRESSURE
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OEDOMETER CONSOLIDATION SUMMARY

Project No.    06-1191-001-S
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CONSOLIDATION TEST
TOTAL WORK, kJ/m3 vs PRESSURE

BH 06-11  SA 11

0.000

20.000

40.000

60.000

80.000

100.000

120.000

0 500 1000 1500 2000 2500

PRESSURE (kPa)

TO
TA

L 
W

O
R

K
, k

J/
m

3

FIG
U

R
E A

-9
Page 4 of 4

C
O

N
SO

LID
A

TIO
N

 TEST
 TO

TA
L W

O
R

K
 VS. LO

G
 PR

ESSU
R

E

G
older A

ssociates
Prepared By: LFG

       

Project N
o.  06-1191-001-S     

Prepared By: LFG
   C

hecked By: 



OEDOMETER CONSOLIDATION SUMMARY

Project Number 06-1191-001-S Sample Number 6
Borehole Number 06-19 Sample Depth, m 4.6-5.2

Test Type Standard Load Duration, hr 24
Oedometer Number 8
Date Started 08/08/2006
Date Completed 08/19/2006

Sample Height, cm 1.92 Unit Weight, kN/m 3 18.66
Sample Diameter, cm 6.35 Dry Unit Weight, kN/m 3 14.38
Area, cm2 31.67 Specific Gravity, measured 2.60
Volume, cm3 60.65 Solids Height, cm 1.080
Water Content, % 29.73 Volume of Solids, cm 3 34.21
Wet Mass, g 115.38 Volume of Voids, cm 3 26.44
Dry Mass, g 88.94 Degree of Saturation, % 100.0

Corr. Average
Pressure Height Void Height t90 cv. mv k

kPa cm Ratio cm sec cm2/s m2/kN cm/s
0.00 1.915 0.773 1.915
4.85 1.910 0.768 1.913 5 1.55E-01 5.38E-04 8.18E-06
9.53 1.907 0.765 1.909 4 1.93E-01 3.35E-04 6.33E-06
19.40 1.902 0.761 1.905 3 2.56E-01 2.65E-04 6.64E-06
38.88 1.892 0.752 1.897 10 7.63E-02 2.63E-04 1.96E-06
77.52 1.885 0.745 1.889 7 1.08E-01 9.87E-05 1.04E-06

154.57 1.869 0.730 1.877 20 3.73E-02 1.09E-04 3.99E-07
309.24 1.839 0.703 1.854 10 7.29E-02 1.01E-04 7.18E-07
618.44 1.770 0.639 1.805 12 5.75E-02 1.17E-04 6.57E-07
1236.77 1.704 0.578 1.737 21 3.05E-02 5.57E-05 1.66E-07
2474.65 1.640 0.518 1.672 34 1.74E-02 2.70E-05 4.61E-08
1236.77 1.650 0.528 1.645
309.24 1.668 0.544 1.659
77.52 1.689 0.564 1.679
19.40 1.711 0.584 1.700
4.85 1.732 0.603 1.722

Note:
k calculated using cv based on t90 values.

SAMPLE DIMENSIONS AND PROPERTIES - FINAL

Sample Height, cm 1.73 Unit Weight, kN/m 3 20.35
Sample Diameter, cm 6.35 Dry Unit Weight, kN/m 3 15.90
Area, cm2 31.67 Specific Gravity, measured 2.60
Volume, cm3 54.85 Solids Height, cm 1.080
Water Content, % 28.00 Volume of Solids, cm 3 34.21
Wet Mass, g 113.84 Volume of Voids, cm 3 20.64
Dry Mass, g 88.94

Prepared By: LFG Checked By: MM
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CONSOLIDATION TEST 
VOID RATIO vs  PRESSURE
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OEDOMETER CONSOLIDATION SUMMARY
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CONSOLIDATION TEST
TOTAL WORK, kJ/m3 vs PRESSURE

BH 06-19  SA 6
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APPENDIX B 

NON-STANDARD SPECIAL PROVISIONS 



ROCK POINTS - Item No.    
 
 
Non-Standard Special Provision      
 
 
Scope 
 
As part of the work under the above tender item, the Contractor shall supply TITUS Rock 
Injector Pile Points on HP 310 x 110 Piles for the Vernon Narrows Southbound Lane structure 
widening.  Piles will be driven through cobbles and boulders prior to seating on bedrock. 
 
References 
 
OPSS 906 – Structural Steel 
 
Materials 
 
The pile points shall be of the following: 
 
Product   Manufacturer 
 
HPP-R-12   Titus Steel Company Ltd. 
    6767 Invader Cr. 
    Mississauga, ON 
    Tel (905) 564-2446  
 
(Or approved equivalent) 
 

 
Basis of Payment 

 
Payment at the Contract Price for the above tender items shall be full compensation for all labour, 
equipment and material to do the work. 
 
 
 
 











H-PILES - Item No.   
TUBE PILES – Item No.  
 
 
Non-Standard Special Provision      
 
 

Scope 

As part of the work for the installation of piles and/or caissons as well as excavations for pile 
caps at the Vernon Narrows Southbound Lane structure for the foundation elements, the 
Contactor shall be alerted that the overburden soils consist of gravelly sand containing 
cobbles and boulders.  In addition, the soils will be susceptible to cave-in, sloughing and 
heaving due to groundwater pressures.   

Basis of Payment 

Payment at the contract price for the above tender item shall be full compensation for all labour, 
equipment and materials required to do the work.   

 

 
 
 
 
 
 




