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1.0
INTRODUCTION

AMEC Earth & Environmental Limited, Consulting Geotechnical Engineers, was retained by the Ministry of Transportation of Ontario, Central Region, to conduct a foundation investigation at the site of embankment widening on the south side of East Main Street (EMS), east of Highway 140. The project limits of the proposed embankment widening are from Station 10+090 (90 m east of the EMS/Hwy 140 intersection) and extends easterly by about 200 m to Station 10+290.

The purpose of the investigation has been to obtain information about the sub-surface conditions at the site by means of exploratory boreholes, in-situ tests and laboratory tests on selected samples. This area was identified in the terms of reference of the project issued by the Ministry of Transportation of Ontario in which foundation investigation was to be conducted.  The work carried out for this geotechnical investigation was completed in accordance with AMEC’s proposal (ref. P-22278, dated 2 July 2002).

Typical cross-section of the existing road embankment was provided by MTO.

The information contained herein in no way reflects on the environmental aspects of the project, unless otherwise stated. Sub-surface and groundwater conditions between and beyond the test holes may differ from those encountered at the test hole locations. The elevations used in this report are primarily to establish relative elevation differences between the test hole locations and should not be used for other purposes, such as grading, excavating, planning, development, etc.

2.0
SITE DESCRIPTION AND PHYSIOGRAPHY
The site is located on the east side of Welland, Ontario, approximately 1 km east of the Welland Canal (see Key Map, Figure No. 1).  To the east of the tunnel, the grade of East Main Street rises to meet the original grade and then the road grade has been raised further east beyond the intersection with Highway 140 to form an overpass for the existing CNR track that is located approximately 1.3 km east of the Canal.

At the intersection of Highway 140/Farr Road and East Main Street, the road grade lies approximately 3 m above the surrounding overall grade.  From the intersection, the grade falls towards the south on Highway 140 and towards the north on Farr Road.  The grade at the bottom of the embankment within the foundation investigation area is sloping down towards the east at a rate of about 1 %. At the CNR overpass, the road grade is approximately 10 m higher than the surrounding topography.

Based on the Quaternary Geology of the Welland Area (from Ontario Division of Mines Preliminary Map), the surficial soils in this area consist of Late Wisconsin glaciolacustrine clay and silt, with minor sand.  A generalized geological profile along the Welland Canal By-Pass indicates that the surficial soils are underlain by an upper till unit of predominantly clay till, and are further underlain by a lower glaciolacustrine unit of predominantly clay, silt and sand.  Bedrock in this area is anticipated to lie in the order of 35 m below the elevation of the intersection of Highway 140 and East Main Street.

Although unconfirmed, it is believed that the soils used to build the road embankment are from various local clay borrow sources.

3.0
INVESTIGATION PROCEDURES
The fieldwork for this project was performed between the period of 29th of August and 6th of September, 2002, and consisted of drilling and sampling four boreholes. Two of the boreholes (Boreholes 45 and 51) were drilled from the top of the embankment to a depth of about 30 m each and the other two boreholes (Boreholes 46 and 52) were put down at the bottom of the embankment to a depth of about 20 m each. The plan locations of the boreholes and stratigraphic sections are shown on Drawing Numbers 1 and 2, respectively. 

The boreholes were advanced using hollow stem continuous flight augers with a truck-mounted power auger drilling rig. The drilling was conducted under the full-time supervision of experienced geotechnical personnel from AMEC Earth & Environmental Limited. 

Sampling in the boreholes was effected at frequent intervals of depth by the Standard Penetration Test Method, as specified in American Society for Testing and Materials Method Number: D1586.  This consists of freely dropping a 63.5 kg hammer a vertical distance of 0.76 m to drive a nominal 51 mm diameter o.d. split barrel (split-spoon) sampler into the ground.  The number of blows of the hammer to drive the sampler into the relatively undisturbed ground by a vertical distance of 0.30 m is recorded as the Standard Penetration. 

Where the consistency of the clayey soil deposits permitted, undisturbed Shelby tube (TW) samples were obtained. In soft clayey deposits, in-situ vane tests were carried out using a Ministry of Transportation of Ontario’s ‘N’ vane.

The borehole locations were established in the field by our engineering staff from our St. Catharines office, in relation to the centreline of East Main Street.  The borehole geodetic elevations of the ground at the borehole locations were determined using a local benchmark.  This benchmark is described as cut ‘x’ on top of the southwest bolt of the traffic control light standard on the channelization island at the southwest corner of East Main Street / Highway 140 intersection. This benchmark is understood to have a geodetic elevation of 188.585 m.

The soil samples were shipped in sealed containers to our Advanced Soil Laboratory in Toronto (Scarborough) for further examination and classification. A laboratory testing programme, consisting of natural moisture content determinations, Atterberg Limits tests, consolidation testing, unit weights and grain-size analyses, was performed on selected representative soil samples.  The results of the laboratory tests are presented on the appropriate Record of Borehole sheets and also in Appendix ‘A’.

A standpipe piezometer was installed in Borehole 46 to monitor the groundwater level over a prolonged period of time without interference from surface water. 

The boreholes were backfilled with bentonite/cement mixture.  
4.0
SUB-SURFACE CONDITIONS
Descriptions of the sub-surface conditions encountered in the boreholes are presented on the Record of Borehole sheets and on Drawing Number 2.  The following paragraphs describe the various strata. 

4.1 Topsoil

Boreholes 46 and 52 were drilled at the bottom of the embankment and these encountered 0.15m and 0.08m of surficial topsoil, respectively. In Boreholes 46 and 51, an about 0.3 m thick topsoil layer was encountered below the clayey fill at depths of about 1.6 and 8 m, respectively, below the existing ground surface.  

4.2
Fill

Boreholes 45 and 51 were drilled from the gravel shoulder of the road embankment and these encountered pavement granular fill extending to depth of 0.6 to 0.7 m.  The granular fill consisted of sand and gravel with traces of silt size particles.

Below the granular fill, the embankment consists of a clayey silt fill as encountered in Boreholes 45 and 51. Measured ‘N’-values within the clayey fill ranged from 10 to 28 blows / 0.3 m, typically 20 blows/0.3 m, indicating a fairly compacted fill, or generally very stiff consistency. At the bottom of the embankment, the clayey silt fill was also contacted in Boreholes 46 and 52, extending to a depth of 1.6 to 2 m below existing grade. In Borehole 52, the clayey fill was overlain with about 1 m of silty sand fill

Laboratory test results from soil samples in the fill are as follows:

Clayey Embankment Fill

Natural Moisture Content (%):

14 - 24

Grain Size (one sample):

Gravel (%):
5

Sand (%):
46

Silt (%):
22

Clay (%):
27

Unit Weight (kN/m3):



19.8 – 20.4

The grain size curve for this material is provided in Appendix ‘A’.
4.3
Clayey Silt 

A clayey silt deposit with occasional silty clay and silt zones was encountered in all the boreholes below the fill and/or topsoil layer. This deposit extends to the full depth of the boreholes.

This clayey silt is composed of a mixture of silt and clay with traces of sand and occasional gravel size particles. The upper 3 to 5 m of the clayey silt has measured ‘N’-values ranging from 16 to 41 blows per 0.3 m indicating a very stiff to hard consistency, or described as desiccated crust. Below this crust, the measured ‘N’ values reduced to generally 5 to 9 blows/ o.3 m, indicating generally stiff consistency. This consistency was confirmed by the results of the field vane tests which showed undrained shear strength generally between 70 and 90 kPa.   

Laboratory test results from soil samples in the cohesive soil deposits are as follows:

Natural Moisture Content (%):

14- 32

Atterberg Limits:

· Liquid Limit (%):

20 - 33

· Plastic Limit (%):

14 - 18

· Plasticity Index (%):
4 - 17

Unit Weight (kN/m3):



20.8 – 21.0

Grain Size (3 samples):

Gravel (%):
0 - 2

Sand (%):
3 - 11

Silt (%):
39 - 74

Clay (%):
23 - 58

The grain size curves and the results of the Atterberg Limits tests are presented in Appendix ‘A’. 

Consolidation tests were also conducted on two relatively undisturbed thin walled samples (TW) of the clays and the results are shown in Appendix A. Strain energy / work method was used to assess the pre-consolidation pressure of each sample tested. From these results the clayey deposit is considered overconsolidated, with estimated pre-consolidation pressure, (p’, of 270 kPa under the existing embankment, and about 220 kPa outside of the embankment. The associated over-consolidation ratio (OCR) is in the range of about 1.1 to 2.7. 
4.4 Silt

Underlying the clayey silt in Borehole 45, a silt deposit was encountered at a depth of about  29.0m (or Elevation 161.2m). The borehole was terminated within this deposit at a depth of 31.0m (or Elevation 159.2m). This brown silt deposit was in a saturated condition. A measured ‘N’-value of 5 blows per 0.3m was obtained indicating a loose relative density. 

4.5
Groundwater Conditions

Groundwater in the open boreholes were observed during drilling and upon completion of each borehole. To permit long term monitoring of groundwater levels at the site, a standpipe piezometer was installed in Boreholes 46. The water level observed in this piezometer, six days after completion of the borehole, was at a depth of about 2 m below the bottom of the embankment. Observed groundwater levels are indicated on the individual Record of Borehole sheets. 

It should, however, be pointed out that the groundwater at the site would fluctuate seasonally and can be expected to be somewhat higher during the spring months and in response to major weather events.

5.0
DISCUSSION AND RECOMMENDATONS

5.1
GENERAL

This report contains the findings of our geotechnical investigation, together with our recommendations and comments. These recommendations and comments are based on factual information and are intended only for use of the design engineers. The number of testholes may not be sufficient to determine all the factors that may affect construction methods and costs. Subsurface and groundwater conditions between and beyond the testholes may differ from those encountered at the testhole locations, and conditions may become apparent during construction, which could not be detected or anticipated at the time of the site investigation. The anticipated construction conditions are also discussed, but only to the extent that they may influence design decisions. Construction methods discussed, however, express our opinion only and are not intended to direct the contractors on how to carry out the construction. Contractors should also be aware that the data and their interpretation presented in this report may not be sufficient to assess all the factors that may have an effect upon the construction.
The preliminary plan and typical profile for the proposed embankment widening were provided to us by MTO,

The borehole locations, soil stratigraphic plots and cross sections of the proposed embankment widening are presented in Drawing Nos. 1 and 2.

5.2
EMBANKMENT WIDENING

The highway embankment within this investigation area is about 5 m to 8.5 m in height, with side slope inclinations of 2H:1V. It is proposed to widen the right shoulders  (south shoulders) of the existing embankment and improve the intersection by additional left turn lane. The proposed road widening will result in the toe of the embankment extending outwards to a maximum of about 4 m to the right.  

The embankment widening over this Site should include the excavation of all the topsoil and organic soils at the toe of the existing embankment to expose the native, competent  (‘firm’ bottom) soils, over the full width of the proposed embankment widening as per O.P.S.D. 202.030, and to a minimum depth of 1.2m.  We recommend that the widening be extended to the existing edge of pavement (EP).

Embankments of granular/earth fill with a side slope inclination of 2 horizontal to 1 vertical (2H:1V), would be stable against surficial stability, provided that the subgrade is properly prepared by removing all surficial topsoil, loose existing fill, organic and otherwise unsuitable materials as per MTO Standards before placing the new fill.  Appropriate benching (as per OPSD 208.010) at the sloping subgrade level should be considered to allow the new fill to key into the existing slope.  Berms of 2 m in width should be provided as per current MTO practice (mid-height berm for every 8 m of embankment height).  The berm gradient should be sloped (about 20H:1V) to drain away surface water from the embankment.

For earth fill embankment, assuming properly compacted and acceptable inorganic earth fill material, 2 horizontal to 1 vertical (2H:1V) side slopes can be used throughout.  Proper erosion control measures should be implemented both during the construction and permanently.  This can be achieved by immediate seeding or sodding (OPSS 572). For embankment slopes higher than 5 m, erosion control blanket is recommended.

The fill materials used for construction of the earth fill embankment, or for the purposes of backfilling, should consist of approved, clean earth fill (preferably clayey fill to be consistent with the existing embankment material).  The majority of the fill will have to be imported for this purpose.  The fills should be placed in accordance with OPSS501 and with  lifts not exceeding 300 mm before compaction and each lift should be uniformly compacted to at least 95% of the Standard Proctor Maximum Dry Density of the materials.  The degree of compaction within the top 0.6 m of the fill (i.e. the subgrade immediately beneath the granular sub-base) should be increased to 98%.  The selection, placement and compaction of the fill should be carried out under a geotechnical control programme.

In general, we recommend that, in as much as practicable, for the construction of the widened sections the same materials as the existing embankment be used.  That is, if the existing embankment was constructed of earth fill, the widening should preferably be implemented using earth fill.

If the widening parts of the embankments are constructed using earth fill, the existing embankment slopes should be stripped and, although stripping depths will vary, the design depth used should be 150 mm. The existing embankment slopes should also be benched in accordance with OPSD 208.010 to ensure that the new embankment is keyed into the existing embankment and to minimize differential settlements.  If clayey fill is unavailable, the embankment fill can comprise acceptable earth borrow such as select subgrade material (SSM) as per OPSS1010.  This fill will be installed to the bottom of the road sub-base.  The use of granular backfill is recommended for fill to be placed below the water table. 

For whichever type of embankment fill is selected, the granular base and sub-base thickness should match those within the existing roadway.  Any transition treatment for fill between two different materials (earth fill and granular materials) should be carried out in accordance with appropriate MTO standard.

The consolidation test of the soil sample outside the existing embankment (BH 46, TW 8) indicated that the overconsolidation ratio and pre-consolidation pressure of the clayey deposit at about 8 m depth are 2.7 and 270 kPa respectively. Based on the results of investigation and provided the embankment widening is constructed as detailed above and as per the applicable MTO standards, the settlement of the embankment should not exceed 25 mm on the right side.   The expected settlements are anticipated to occur along the new slopes and shoulders and the grading can be corrected, if necessary, by the placement of additional granular materials.
Based on the borehole results, provided that all organics, weak and otherwise unsuitable materials are removed before placing the embankment widening fill, no instability problems are anticipated for this section.  The results of the slope stability analyses are presented in Appendix ‘B’.

5.2.1
Existing Slope Treatment

The embankment slope within the foundation investigation area is treated with armoured channels and CSP’s.  These channels are running from top to the bottom of the embankment and are about 10 m apart along the embankment slopes.  Based on conversations with the Region of Niagara maintenance staff, they are basically 0.9 m wide and about 0.6 m deep trenches, where a 150 mm diameter, filtered PVC pipe was placed at or near the bottom of the trench, which were then filled with 50 mm clear stone. Plans of the armoured channels are not available from the Region of Niagara at the time of preparing this report. Maintenance staff  indicate that the channel ends at the shoulder rounding and drains the pavement structure of the road.

For the widening of the embankment, we recommend that these channels and PVC pipes be removed prior to the construction of the widened section. These structures are very pervious and if buried under the new fill could be the source of water seepage and potential weak planes, which could cause instability of the embankment slope. We recommend that the clear stone and the CSP pipes be completely removed and the trench should be properly backfilled with earth fill compatible with the existing embankment fill. The excavated clear stone could be re-used as fill for the widening provided the material is properly mixed the new earth fill such that pervious voids within the mix are not created after compaction. 

We understand from the Region of Niagara Maintenance Office that these channels extend up to the shoulder rounding, just below the guardrail.  We suggest that this information be confirmed prior to construction.

5.2.2 Pavement Cracking

It should be noted that severe wheel track cracking were observed along the eastbound lanes of East Main Street within the foundation investigation area, as shown on the photograph in Appendix ‘C’. It is not known whether these cracks are relatively new or they have been on the road for some time. Since the performance of the existing pavement and embankment is outside our scope of work, it is assumed, for the widening, that the settlement of the existing embankment has stopped  and that there is no drainage problem associated with the existing pavement.

If the above assumptions are not acceptable, we recommend that further investigation and/or monitoring of the embankment and the pavement be carried out, to confirm these assumptions.

5.3
CONSTRUCTION

All excavations should be performed in accordance with the most recent guidelines of the Occupational Health & Safety Act (O.Reg.213/91) and good construction practices.  For the most part, excavations will be relatively shallow. 

Since the groundwater is below the anticipated excavation depth, no major problems are anticipated during excavation due to groundwater seepage.

Excavation of the clear stones and PVC pipes from the slope treatment could be carried out first from the top of the embankment to avoid stone slippage and any remaining clear stone and pipe could be removed from the bottom of the slope.

Stockpiles of excavated materials should be kept at least 3 m from the edge of the excavation to avoid slope instability.  Care should also be taken to avoid instability of the existing embankment slopes, and to avoid overloading of any underground services/structures, hydro poles by the stockpiles.
If backfilling operations are carried out in freezing temperature conditions, frozen soils, snow and ice should not be incorporated into the backfill zone. The amount of excavated native material suitable for use as backfill in freezing conditions will also be reduced as drying out of these materials become quite difficult in these temperature conditions; the soil will usually freeze before it dries out.  Close quality control of the backfill material will, therefore, be required during cold weather construction.  To ensure quality backfill and satisfactory long term performance of the backfill zone (i.e. minimization of surface settlements, etc.), considerations should be given to the use of only approved, imported granular fill for backfill material during any cold weather construction, especially for settlement sensitive areas.

5.4
CONSTRUCTION INSPECTION

It is recommended that a quality control programme of inspection and testing be carried out during the construction phase of the project to confirm that the conditions encountered are consistent with design assumptions; and to confirm that the various project specifications and material requirements and handling are being satisfied.

6.0
CLOSURE
We recommend that once the details of the structures are finalized, our recommendations should be reviewed for their specific applicability.
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