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1.0
INTRODUCTION
Merlex Engineering Ltd. has been retained by Northland Engineering Ltd., on behalf of the Ministry of Transportation, to carry out foundation investigation for Work Project 16-84-01.  The Work Project is located on Highway 17 from Deux Rivieres, easterly to Bissett Creek for a distance of some 19.0 km (see Figure 1).  The Work Project is in the Townships of Clara and Maria in the County of Renfrew.

During the initial Geotechnical Investigation, carried out by others, 26 areas were investigated as possibly requiring foundation investigation for embankment widening.  It was then established that foundation investigation was required at the following location:

Township of Clara 

· Station 21+864 to 21+970 (north side)

· Station 21+864 to 21+970 (south side)

The terms of reference for the scope of work is outlined in our proposal dated July 11, 2000.  The work was carried out in accordance with the Guidelines For Professional Engineers Providing Geotechnical Services (1993) and the provisions in RFP Terms of Reference.  

2.0
SITE DESCRIPTION

The area of foundation investigation is located on Highway 17 some 1 km east of Deux Rivieres.  From the west, the grade rises slightly through an existing rock cut onto a level grade beyond Station 21+850(.  The existing highway embankment traverses a small peat basin some 100 m in length, oriented at a slight skew to the centerline, immediately east of the rock cut.  Organic terrain is present at the surface on both the north and south side of the highway where the original grade elevation is some 3.5 m below existing center line grade. 

3.0       INVESTIGATION PROCEDURES

The field work for this investigation was carried out during the period of November 21 to 24, 2000 and consisted of 6 boreholes that were put down at the toe of the existing embankment (3 to the north, Boreholes 1, 2 and 3 and 3 to the south, Boreholes 4, 5 and 6). Initially eight (8) borings were advanced through the existing platform just beyond the edge of pavement, within the area of foundation investigation.  Only two of these borings successfully penetrated the rock fill at Station 21+900, 4.2 m left (Borehole 7) and 21+950, 4.2 m left (Borehole 8).  The remaining holes through the platform met refusal, generally at a depth of 1.5 m±, on rock fill.  Following freeze up, during the period of March 2 to 8, 2001, we remobilized to the site and the boreholes along the right toe of slope were advanced to refusal (Boreholes 4A, 4B and 5A) and additional sampled borings were advanced through the platform (Boreholes 8A to 8J inclusive).  The investigated locations are shown the enclosed Plan and Profile on Figure 2A and 2B and on the schematic cross section, Figure 3.

The investigation along the north toe of slope was carried out using a bombardier mounted CME45 drilling rig equipped with 160 mm outside diameter (O.D.) continuous flight hollow stem and 100 mm O.D. standard augers.  Soil samples were obtained at regular intervals of depth using a 50 mm O.D. split spoon sampler advanced by the Standard Penetration Test (SPT) procedures.  At Boreholes 1, 2, 3, 4A, 4B, 5A, 8B, 8C, 8F and 8J a Dynamic Cone Penetration Test (DCPT) was advanced to refusal, at a location offset slightly from the sample borehole.  The DCPT were driven to refusal at borehole locations and the augers were advanced to refusal at Boreholes 1 and 3.  In November 2000, an attempt to put down sampled boreholes along the south toe of slope was undertaken, however, ice thickness, on the 600 to 800 mm depth of water, had only developed to 75 m at this time and the bombardier mounted drill rig broke through the thin ice.  As such, these borings were initially advanced with hand equipment to delineate the thickness of peat at the boring locations and confirm the presence of cohesionless soils at the base of the peat deposit.  The initial borings undertaken along the top of the existing embankment were advanced with both a truck mounted sterling auger and the bombardier mounted mobile B24 hydraulic auger drill.  Following freeze up (March 2001), boreholes were advanced with a bombardier mounted CME 45 equipped with hollow stem and standard augers as described previously.  The in-situ shear strength of the peat was measured in the boreholes using an “N” size MTO vane and calibrated torque meter.  The ground water conditions in the open boreholes were observed during drilling operations and are described on the record of borehole sheets that follow the text.  

The field work was under the supervision of a Senior member of our field engineering staff, who was responsible for locating the boreholes and Dynamic Cone Penetration Tests supervising the drilling, sampling and field testing, plus logging the boreholes and preparation of the samples for shipment to our North Bay laboratory for further examination and testing.  

Laboratory testing was carried out in our North Bay laboratory according to current ASTM Standards and included natural moisture content and grain size analysis.  The results of the laboratory testing are shown on the individual record of boreholes.  The locations of the borings were identified by our field supervisor based on stations and offsets and subsequently converted to geodetic coordinates (northing and easting).  

4.0
SUBSURFACE CONDITIONS
The subsurface conditions encountered at the borehole locations, are presented on the Record of Borehole sheets.  Results of the laboratory testing carried out on the samples obtained from these borings are shown on the Record of Boreholes.  The results of natural moisture content tests in the peat deposit are shown on Figure 5 and the grain size distribution curves for the main soil types are included in Appendix B.  The stratigraphic boundaries indicated on the Record of Boreholes are inferred from non-continuous sampling, observations taken during drilling, the results of Standard Penetration Test (SPT’s) and Dynamic Cone Penetration Test (DCPT’s) values of resistance.  The boundaries between various strata, shown on the record of boreholes, generally represent transitions from one soil type to another and should not be regarded as exact planes of geological change.  Furthermore, subsurface conditions will vary between and beyond borehole locations.  

A plan and profile showing the borehole locations and strategraphies encountered in the borings is shown on Figure 2A and 2B.  Numerous attempts were made to penetrate the rock fill present in the embankment in the area of Borehole 8 (Station 21+950).  On Figure 2B the horizontal scale for the profile only has been magnified by a factor of 4 to allow a representative number of the borings to be plotted.

Boreholes 1 to 6, inclusive, were advanced at a location off-set from the existing left and right toe of slope, where the ground surface was at elevation 184 m(.  On the left, at Boreholes 1, 2 and 3, a deposit of black fine fibrous peat was penetrated from the ground surface to depths ranging between 2.0 to 6.1 m below existing grade.  A similar peat deposit extended to depths ranging between 3.7 to 5.3 m at Boreholes 4, 4A, 4B, 5 and 5A on the right.  The peat deposit was absent at the surface of  Borehole 6, however 200 mm surficial topsoil was encountered at this location.  The undrained shear strength in noncompressed peat, measured with MTO field vane and calibrated torque meter, varied between 10 to 42 kPa with an average of 21.6 kPa (see Figure 4).  The natural moisture content of the noncompressed peat deposit varied between 190 to 960% with an average of 495%  (see Figure 5).

At Boreholes 3, 4, 4A and 4B, refusal to auger penetration and dynamic cone penetration was met directly below the peat at depths ranging between 2.3 and 5.3 m, probably on bedrock.  At Boreholes 1 and 8J, a thin isolated pocket of silty clay, ranging in thickness from 150 to 300 mm was penetrated.  This deposit was not apparent below the peat at the other boreholes and had an estimated consistency of firm based on tactile examination.  The clay deposit had a liquid and plastic limit of 32.3 percent and 20.0 percent, respectively, with a natural moisture content of 38.2 percent and is classified as a lean clay.  The predominate deposit underlying the peat as revealed at Boreholes 1, 2, 5 and 5A consisted of cohesionless fine sand with varying silt, gravel and cobble content.  Based on the SPT values, which ranged from 2 to 19 blows per 300 mm and the DCPT results, the relative density of these cohesionless deposits varied from loose to compact, generally loose.  Typical grain size distribution curves are shown on Figure B-1, Appendix B.  Refusal was met either on the augers and/or dynamic cone penetration test at depths ranging between 8.6 to 11.2 m below grade (elevation 175.4 to 172.8).

Along the existing platform, numerous attempts were undertaken to penetrate the embankment rock fill in the area of the foundation investigation.  This data is summarized on the geotechnical data sheets, as shown in Appendix A and on the Record of Borehole Logs for borings 7, 8, 8A, 8B, 8C, 8D, 8E, 8F, 8G 8H, 8I and 8J.  These borings indicate a cohensionless granular deposit, consisting of crushed gravel underlain by sands and fine sands trace of silt, some gravel generally to depths of 1.2 to 1.5 m below grade.  A buried asphalt layer was identified in the borings at Station 21+900 and 21+950, 4.2 m left, at a depth of some 750 mm.  

Frequent refusal to further auger penetration was met in the underlying embankment rock fill.  Where the rock fill was penetrated, it was revealed at several locations that the sand content equaled or exceeded the proportion of shattered rock/cobbles and boulders content in the lower part of the embankment fill.  Underlying the embankment fill a compressed peat was encountered at Boreholes 7, 8, 8C and 8J at elevations varying between approximately 184.0 and 181.0.  In-situ vane testing in Borehole 8J indicated an undrained shear strength greater than 100 kPa with natural moisture content varying from 150 to 330% with an average of 240%.

The ground water level, is recorded on the enclosed Record of Borehole Logs, and was at the surface of the peat (existing grade) at Boreholes 1, 2 and 3.  The existing grade was flooded to 600 to 800 mm above existing grade at Boreholes 4 and 5 during the initial investigation November 2000.  At Borehole 6 the water level was 600 mm below existing grade.  The ground water level is subject to seasonal fluctuations.
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5.0       DESIGN COMMENTS & RECOMMENDATIONS

The specified area of foundation investigation, Station 21+864 to 21+970 (Lt and Rt), has been designated for shoulder widening from 2.4 to 3.0 m and as an area to be considered for rock fill widening to attain guide rail standards.  Details of overburden conditions encountered in the area and their impact on possible approaches to design are discussed below.

The existing embankment side slopes are in the order 2:1, therefore, widening to accommodate a 3.0 m shoulder would require a thin wedge of fill (coarse granular) placed within the upper part of the slope as shown on the Typical Embankment schematic, Figure 3.  However, to attain deflection requirement for 3 cable guide rail, the embankment width would have to be further widened a lateral distance of 2.4 m from the edge of shoulder.  Since the existing embankment is constructed of rock fill, normal practice would utilize rock fill for widening which would trigger Northern Regional Engineering Directive NRE 98-200.  This policy states that modification to rock fill embankments on Highway 17, in a swamp environment, requires a minimum platform overbuild widening of 2.0 m (total 4.0 m) in anticipation of future grade raise needs.

The results of Boreholes 1 to 5A, inclusive, put down at the existing toe of slope, indicates a compressible peat deposit present to depths ranging between 2.0 to 6.1 m (average 4.2 m) below existing grade.  The peat was underlain by bedrock to the west (Boreholes 3, 4, 4A and 4B) and predominately cohesionless deposits of sands, with varying silt, gravel and cobble content to the east (Boreholes 1, 2, 5 and 5A).  The presence of peat under the existing embankment has also been confirmed at the borings advanced through the embankment.

To achieve the design standards the following options have been considered:

OPTION A:
Limit embankment widening to a thin wedge (sliver widening) of Granular B Type II or rock protection (maximum 200 mm size) to allow increasing the shoulder from 2.4 to 3.0 m and install steel beam guide rail (SBGR).

OPTION B:
Conventional embankment widening with rock fill to accommodate 3.0 m shoulder and 2.4 m deflection requirement for 3 cable guide rail (3 CGR) plus 2.0 m overbuild as per NRE 98-200.

OPTION C:
Lower vertical alignment to accommodate platform section within existing embankment.

A summary of the advantages (benefits) and disadvantages (concerns) of the above options is  shown in Table 1.  The following is a discussion of the impacts the above noted options will have on the existing embankment.
5.1
Embankment Stability

Stability analysis was carried out for critical fill and cut cross-sections using the commercially available program SLOPE/W (version 4.0).  The program has the capability of either using a constant undrained shear strength value or a linear shear strength pattern within a given soil layer.  The program uses the general equilibrium method of analysis to calculate the factor of safety of numerous potential trial failure surfaces and determine minimum factors of safety.  The factor of safety is defined as the ratio of the force tending to resist failure to the driving forces tending to cause failure.

The existing embankment traverses a small peat basin which is 6.1 m deep on the left (Borehole 2), 5.3 m on the right (Borehole 4B) and present under the road platform (Boreholes 7, 8, 8C and 8J).  A schematic cross section (Station 21+950) is shown on Figure 3.

The existing pavement structure does not exhibit any distortions which would be associated with an unstable slope and the 3 cable guide rail is aligned vertically and horizontally.  There is no noticeable sag in the vertical alignment over this length of the road.  

The peat deposit at this site is a black fine fibrous peat with occasional coarse inclusions.  The natural moisture content, at the embankment toe (noncompressed), varied from 190 to 960% (average 495%), see Figure 5 and the undrained shear strength, measured with a field vane, varied from 10 to 42 kPa (average 21.6 kPa), see Figure 4.   Under the embankment the compressed peat had a lower natural moisture content ranging from 150 to 330% (average 240%) and a measured in-situ shear strength greater than 100 kPa.

For the purpose of stability modeling, the undrained shear strength for the noncompressed peat, outside the influence of the existing embankment, has been taken from the undrained shear strength profile on Figure 4 as 10 kPa.  The peat, under the main part of the embankment, has been compressed for many years with a load of 5.0 to 7.0 m of fill.  Initial estimates of a normalized strength value, based on the relationship of Su/(’v=0.4(1) resulted in values of 30 to 35 kPa for the highly compressed peat, where as, in-situ undrained shear strength results were greater than 100 kPa.  For modeling purposes a conservative value of 50 kPa has been used.  Since the load reduces under the sloped portion of the embankment, a strength value of 30 kPa has been assigned to this partially compressed peat.  The boundary between uncompressed and compressed peat has been modeled as a linear boundary extending downward on a 1 (horizontal) to 2 (vertical) through the peat deposit.  Analysis was carried out on the left side of the section at Station 21+950 using the following values:  

1  Sisson, R.C. and Brovald, F.N., Twitchell Island Levee Improvements, Northern California Delta Area, 1995 

    CGS 9th Annual Symposium, Construction on Peat and Soft Soils. 

	Stratum
	Unit Wt (kN/m3)  
	Effect Angle of Internal Friction 
	Undrained Shear Strength (kPa)

	Granular Fill
	20
	30
	0

	Rock Fill
	17
	35
	0

	Peat (noncompressed)
	10
	0
	10

	Peat (partially compressed)
	10
	0
	30

	Peat (highly compressed)
	10
	0
	50

	Silty Sands
	17
	28
	0


5.1.1
Existing Embankment

The existing embankment is stable, showing no signs of distorted guide rail or pavement edge/shoulder settlement which would be associated with an unstable embankment.  Stability analysis confirms these observations with a relatively high factor of safety of greater than 2 (against global instability) based on a total stress analysis.

5.1.2
Sliver Widening

To attain the 3.0m shoulder a sliver (small wedge) of coarse granular is required on the upper part of the embankment slope.  Since the mass of the wedge will be relatively small and there is a limited moment arm, the driving force is not greatly increased and as such, the factor of safety is only marginally decreased to 2.01 (see Figure 6A) .  

5.1.3
Full Width Rock Fill Widening (fill supported on peat)

Full width widening will require construction of a somewhat irregular shaped quadrilateral section of rock fill along the face of the existing slope (see Figure 3).  To satisfy 3 CGR and NRE 98-200, this section will be some 2.0 m wide at the base (theoretical 1.25:1 side slope) and supported on the uncompressed peat at the toe of the existing slope.  As shown on Figure 6A, a total stress analysis indicates a factor of safety of 1.93 against rotation slip of the slope face, however settlements of the new and existing rock slope and face will be large due to the highly compressible nature of the peat, as discussed below, and resulting maintenance issues are of concern.

5.1.3.1 Local Failures During Construction

The required height of new rock fill along the face of the slope (for full width widening) will be 2.0 m or greater.  If this fill is placed in one lift, a localized shear failure of the peat will probably occur, at the toe of the new fill and a “mud wave” will develop.  With the development of a mud wave, larger volumes of material would be required to fill this void and the stability of the existing embankment face would be severely compromised.  There is a very high risk that, if the peat is overloaded during a fill placement, regressive failure would develop along the existing embankment and compromise the stability of the existing shoulder and possibly impact the adjacent driving lane.  The stability modeling for partial and full peat excavation which follows, indicates the high level of risk of slope instability that would occur if a “mud wave” develops.

To minimize the risk of localized slope instability, a full rock fill widening would have to be constructed in stages with the initial lift thickness limited to 1.0 m.  Following pore water pressure dissipation and resulting strength gain in the peat deposit (which would require field instrumentation and monitoring)  the second lift of the widening could be constructed.

Because of the above noted concerns and since it is not the Ministry of Transportation’s current construction practice to build embankments on peat, full and partial excavation of the peat is now considered.

5.1.4
Peat Excavation
Full peat excavation, as per OPSD 203.030, to allow founding of the rock fill widening on the underlying competent granular soils was modeled.  The total stress stability analysis resulted in a factor of safety of 0.86, as shown on Figure 6B.  This value is insufficient to allow stable open excavation of the peat, even if the excavation is backfilled immediately and carried out in narrow windows perpendicular to the embankment.

Maintaining stability of the existing slope during excavation of the peat would therefore require temporary support, which when compared to Option A, becomes very costly.  A slightly higher, but still considered insufficient, factor of safety of 1.08 results when the depth of peat excavation was limited to half the peat thickness.  If partial excavation were considered, the issue of embankment settlement (as discussed below) must also be addressed.

5.2
Embankment Settlement
The noncompressed virgin peat, at and beyond the toe of slope is highly compressible and large settlements will develop upon application of new load.

Estimates of settlement, due to compression of a fine fibrous peat deposit, similar to what is present at this site, can be based on the thickness of new granular fill to be supported at the peat surface and the thickness of the peat deposit.  Ultimate settlements of peat could be in the order of 40 to 50% of the fill thickness up to about one half the thickness of the peat deposit(2).

2  S.F. Hillis & C.O. Brawner, B.C. Department of Highways, Presentation  Seventh Muskeg Research Conference

    McMaster University Hamilton, 1961. 

5.2.1
Sliver Widening

The thickness of the wedge of granular fill required to accommodate the 3.0 m shoulder widening varies from 0 to say 700 mm thick, as can be seen in Figure 3.  The stress associated with this load will be distributed downward through the existing embankment and spread out through a relatively wide area at the embankment / peat interface.   Ultimate settlements, due to compression of the peat, are estimated to be less than 100 mm.  Of this amount, the immediate compression of the peat will likely be in the order of 20 to 40 mm and will occur rapidly with addition of the fill.  The balance of settlement will likely occur slowly, due to secondary compression of the peat, over a period of a decade with the majority occurring within a period of say 3 or 4 years.  Settlement associated with the granular soils, underlying the peat, will be negligible and occur almost immediately upon addition of this fill due to the elastic nature of the cohesionless deposits.

5.2.2
Full Width Rock Fill Widening
If full width widening with rock fill were undertaken, to accommodate 3 CGR and satisfy NRE 98-200, the width of rock fill founded on the peat surface would be some 2.0 m at the toe and increasing up the slope (see Figure 3).  Relatively large settlements of the embankment slope will develop (estimated to be in the order of 0.6 to 1.0 m).  About one half of this settlement will occur during, or shortly after, application of the fill load due to displacement and compression of the peat.  As noted above, the remaining settlement will develop over a decade or more.  This settlement will result in an increase in the angle of the slope and local sloughing of the face may develop.  This could be compensated for by constructing a flatter slope face, (ie. 2:1),  however, long term maintenance will still be required.

5.2.3
Partial or Full Peat Excavation
Immediate and long term settlement can be reduced or eliminated by either partially or fully excavating the compressible peat deposit and founding the rock fill widening directly on the underlying competent cohesionless underlying soils.  However, maintaining a stable open peat excavation during construction is unlikely as demonstrated previously.  A temporary sheeted excavation or possible slurry wall techniques could be used to carry out the excavation, however, the cost would be very high in comparison to Option A.

5.3
Recommendations
As discussed above, and summarized in Table 1, the benefits of Option A “Sliver Widening for 3.0 m shoulder and utilize SBGR to attain standard” out weigh those of Option B and C.  Option A has a low cost, least complex to construct and will not jeopardize the stability of the existing embankment.

To construct the sliver widening we recommend that either a Granular B Type II or Rock Protection (modified to control maximum size less than or equal to 200 mm) be specified.  This material should be placed from the top of the embankment to the limits as shown on the cross-section schematic of Figure 3.  Hand controlled (walk behind type) compaction equipment can be employed to attain the required level of compaction.  To prevent disturbance to the peat, present at the toe of slope, construction equipment should be restricted from this area within the limits of the foundation investigation.

6.0
CLOSURE

Information provided in this report is valid only at the locations drilled.  Any assumptions of continuity of soil stratigraphy between boreholes, as shown on the enclosed cross-sections, is intended as an aid for design purposes only and does not constitute a statement of existing conditions for contractual or construction purposes.

Details of the investigation, the material analysis and recommendation in this report are considered to be complete.  However, should any questions arise, please do not hesitate to contact the undersigned.
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