FOUNDATION INVESTIGATION AND DESIGN REPORT
MUNICIPAL SERVICE ROAD OVER HIGHWAY 11
HIGHWAY 11, HIGHWAY 518 WEST TO HIGHWAY 520
G.W.P. 480-93-00, W.P. 5405-04-01, SITE 44-427

Geocres Number: 31E-246

Report to

Marshall Macklin Monaghan

Thurber Engineering Lid.

2010 Winston Park Drive, Suite 103
Oakville, Ontario

L6H 5R7

Phone: (905) 829 8666

Fax: (905) 829 1166

March 16, 2006
File: 19-1423-16

C:Decuments and Settings\MAnderson’My DocumentstThurber\Projectsi1911423
MMM:16 Hwy 11'\Foundations\Mun Ser Rd FIDE. FINAL.doc



Municipal Service Road cver Highway 11 Page 1

TABLE OF CONTENTS

PART 1: FACTUAL INFORMATION

1 INTRODUCTION .o iee e ssesineeie s este s e e st eb e e s sassssasnesmrint skt srassssansasnssssssnsines SO 1
2 SITEDESCRIPTION ......ooiiiotereeirieessresrrss s e e rasessseeieestsstorssssnesbassssssnsssnsrsasessesaesbessnssnssnas 1
3 SITEINVESTIGATION AND FIELD TESTING......coooieeecrecrer e s eesssseissnsnsinsirnsnessroses 2
4 LABORATORY TESTING. ... oot iecece s nsnems e e e smee o sasenessasesanserssosssniasasseansnes 2
5  DESCRIPTION OF SUBSURFACE CONDITIONS .....oociiiiimiisieniisniiais s 3
5.1 (€ 15 1= | A P U PO U OO PO O OU OO 3
52 70T O O OO O UAYE PSRRI 3
53 BHIEY ClaY c.riirieereiererescrese e e eraea s erseeees et asesesseasr s e s e e srmee s eanis 1a b b bbb e beaba st essanan s smnen 3
5.4 133 1A PP TR SEP PP PPI 3
55 RS- 11T OO PP 4
5.6 Gravelly Sand with Silt, Cobbles and Boulders.........ccccorviinimnecinreeenisnissncenens 4
5.7 BEAIOCK oot ee st e s bt e st e s b s bt et s s b e s b e sae s h e R s s R e e Rs et e e be s R e e e an e na st aLa s b E R a e 5
5.8 Depths to Refusal ..., eeeererieteeaeretasaneereannaesteeneeeeerheassaeasaes 5
5.9 WaALEl LEVEIS oottt sare s s e ss s m e s pr et e b e s re b e e s e a s eaE e n s 5
6 MISCELLANEQOUS ..cooovivirirerarerrsinisssessranseresesassassestasarse st asessasenssssnessitsassessissnessessasssasssasssanssns 6

PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS

7 INTRODUCTION ..ooveerereeeereeeesereeereeseaseessnssssssssnsensons e eet et eaeais 7
8 STRUCTURE FOUND ATTON S i iiiiiiiiviiireriratinstsmserisresnneisssessenroasmeessmsiissssssssiasrsssasine 7
8.1 SPIEAA FOOTIES . vierivieerierrrrrae et re e et e s sat bt s s s s e e be s sb b b e d s s ean s b e b er e ar samee 8
8.1.1  Footings 0n Native SOl ..c..ccviireiiecirienetser e sreermt st s et asbes 8
8.1.2 Footings on Engineered Fill........cooviiiirninimniiirccrenie oot s ssrsser s sansnnas 8

8.2 BT R U= < I i L SO O UO TR 9
B.2.1  PHIE TUPS ceeeeerrrere e e et s te ettt b e n s bR e R R e bn st et st 10

B.2.2  Pile INStallation cieeee e ceiceecirs e e eees s trasree vt rseteeretesseseseeesbaas bt sasssasansereessassssssrnnasennnnes 10

8.2.3  Ple DIEVING .ttt st b e 11

824 DOWITAL...c. eeeineeeeecrereereesreeestr s e et esassn e semes e sc e s bbb s s b as b e et b e b sea e s anseesbote s 11

8.2.5 Lateral Resistance Of Piles ..o rerieereecevieeieanessasrserssannessesssssssnnssssscesstessanssnssansans 11

8.3 I8B0008 e e vreveeseeeesmameeeeteanesesemsteeestasstesasbesreso st e seetararens s aeesen e s eanassarast s irarrrebansasetesiannersvrsnns 13
84 Recommended FOUNation. ...ooccieeiciiisiiieesinecsiressssssnessssesiesssrannnsasessssenssssneesasnssssrions 13
8.5 ADULNIENT TYPE..eititiecieriereeeire et ee s rsreserenesesst et arsassessaserrreennesbbe s b st s sasabassasssanansenees 13
8.6 FrOSE P OtEC ION 1 viuvvvvrressieserererereseeseerssresrrsrrassrrreeraassmmenbmesssasssesrassseserssssssorenesnessaisnasssrsran 14

9 EXCAVATION (LOCAL) oo rrae vttt snsestsesnnesnnns reveermmrnrereneeterasnerianeaeanes 14



Municipal Service Road over Highway 11 Page 2

10 UNWATERING ..o sreeraesmeniertessesassssesssneranssraessrsssnessssassbbssssssssssssssnassssssssnssnes 15
11  APPROACH EMBANEMENTS ......ooiieierrrececrr et es e ssstessns s rrene s toa e sasbssanareas i5
12 MAINLINE CUT..ooooviiiicnerenreeesrieesenessesiassinssisesessisessosssrssnesassmesnrasseacasisssstassasssassnsasssnases 16
13 RETAINED SOIL SYSTEMS.. ..ottt rceneeesne s san e st renssnsr s n st e senes 16
14 BACKFILL TO ABUTMENTS ....oo i cteesee s esee e ssressrssesecsiesbost e sisassnsrsnsnns 17
15 EARTH PRESSURE COEFFICIENTS (ABUTMENTS)...ccovioeieeernecircinncsreeenieneesessesenes 18
16 SEISMIC CONSIDERATIONS ...t et et e s e m e senane s s s e em e ass s 19
16.1  Seismic Design PAramelers .o crrecerir s cerseeseessnesssnsssr e s sssssasssssssssassssiees 19
162 LiqUefaction POENMAL.......c...oceeveresieeeeiees e eeeesseesssssseeseressessissssssssssssss s canssssesssssssanssens 19
16.3  Retaiming Wall Dynamic Barth Pressures ... eeveeiceimennenesrecmic e sieans 19
16.4  Slope Stabilify Considerations .........ocurverrcrcerirc i rsaesees 20
17 CONSTRUCTION CONCERNS ...coccoeeoesesssrseresesseseesmsessosoessesesmrenesrerrre: 20
I8  CLOSURE ....cotirereererresrnnrirecterresesrsessrssssesseseensanasiesessessreesessasarenensesarsbisstessssassnsnnasnrssanensas 21
Appendices
Appendix A Factual Data from Preliminary Investigation Report
Appendix B Foundation Comparison
Appendix C NSSPs
Appendix D Borehole Locations and Soil Strata
L1

THURBER



Municipal Service Road over Highway 11 Page 1

FOUNDATION INVESTIGATION AND DESIGN REPORT
MUNICIPAL SERVICE ROAD OVER HIGHWAY 11
HIGHWAY 11, HIGHWAY 518 WEST TO HIGHWAY 520
G.W.P. 480-93-00, W.P. 5405-04-01, SITE 44-427

- Geocres Number: 31E-246
PART 1: FACTUGAL INFORMATION

1 INTRODUCTION

This report presents the factual findings obtained from a foundation investigation conducted at the
site of a proposed underpass structure to carry the Municipal Service Road over the realigned
Highway 11 at the village of Katrine, Ontario. A previous, preliminary investigation had been
carried out at the location of the proposed structure by Shaheen & Peaker Limited (S&P) and the
factual data from that investigation has been used in the current assignment.

The purpose of the investigation was to explore the subsurface conditions at the site and, based on
the data obtained, to provide a borehole location plan, borehole logs, stratigraphic profile and
cross-sections and a written description of the subsurface conditions. A model of the subsurface
conditions was developed using the data obtained during the previous S&P investigation, which
was considered sufficient for the current study. This model describes the geotechnical conditions
influencing design and construction of the foundations and approach embankments for the
structure.

Thurber prepared the investigation report as a sub-consultant to Marshall Macklin Monaghan,
under the Ministry of Transportation Ontario (MTO) Agreement Number 5005-A-000285.

2 SITE DESCRIPTION

The site lies immediately west of the existing Highway 11 alignment approximately 800 m north of
Three Mile Lake Road at the Village of Katrine, Armour Township. The structure will carry a new
section of the Municipal Service Road (current Highway 11) over the new alignment of
Highway 11.

The general site area is located within the physiographic region known as the Canadian Shield,
characterized by Pre-Cambrian bedrock typically occurring as rounded knobs and ridges where
exposed. The immediate bridge location, however, lies between bedrock ridges within an area
underlain by relatively deep deposits of glacio-fluvial and glacio-lacustrine soils. The site is
situated about 150 m west of the Magnetawan River at an elevation some 10 to 15 m above that of
the river flood plain.

A
[
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The site lies within an open meadow area bordered by heavily forested lands. The ground surface
generally falls to the east. Several residential dwellings are present east of the site, on the east side
of existing Highway 11.

3 SITE INVESTIGATION AND FIELD TESTING

The borehole data obtained during the preliminary foundation investigation was considered
adequate for the current study and therefore no additional site investigation or field testing was

carried out. Shaheen & Peaker Limited carried out the preliminary investigation between April 6
and 17, 2001.

The preliminary site investigation consisted of drilling and sampling three borcholes to refusal on
bedrock at depths of 17.3 to 22.4 m at the abutment and pier locations, and two boreholes to depths
of 6.6 (refusal) and 9.6 m at the approaches. Bedrock at the abutment and pier locations was
proved by coring 2.9 to 3.9 m below refusal, to total borehole depths 0of 21.2 to 25.3 m.

The approximate locations of the boreholes are shown on the attached Borehole Locations and Soil
Strata Drawing in Appendix D.

The positions of the principal boreholes considered in the preparation of this report, relative to the
structure site are as shown in Table 3.1.

Table 3.1 — Borehole Locations Relative te Structure

Location on Structure Boreholes Considered in Design
West Approach ‘ BPR1
West Abutment BPR2
Pier BPR3
East Abutment BPR4
East Approach BPRS5

The coordinates and elevations of the boreholes are given on the Borehole Locations and Soil
Strata Drawing and on the individual Record of Borehole Sheets in Appendix A.

A standpipe piezometer was installed in borehole BPR3.

4 LABORATORY TESTING

The results of natural moisture content determinations, gradation analyses (sieve and hydrometer),
and Atterberg Limits tests conducted during the preliminary investigation are shown on the Record
of Borehole sheets in Appendix A. The results of the gradation analyses and Atterberg Limits tests
are also plotted on the charts included after the borehole logs in Appendix A.

)
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5

DESCRIPTION OF SUBSURFACE CONDITIONS

5.1 General

Reference is made to the Record of Borchole sheets in Appendix A. Details of the
encountered soil stratigraphy are presented in this appendix and on the attached Borehole
Locations and Soil Strata Drawing. An overall description of the stratigraphy is given in
the following paragraphs however the factual data presented in the borehole logs governs
any interpretation of the site conditions.

The soil stratigraphy encountered at this site is consistent with that encountered in much of
the Highway 11 corridor between Huntsville and North Bay. The bedrock is mantled by
sand and gravel containing cobbles and boulders which is overlain by glacial outwash soils
deposited in glacio-fluvial and glacio-lacustrine environments.

In general terms, the site was found to be underlain by a thin veneer of topsoil; silt; silty
sand; gravelly sand with cobbles and boulders; and bedrock. A clay layer was encountered
below the topsoil at one location.

More detailed descriptions of the individual strata are presented below.

52 Topsoil

Topsoil was identified surficially in all boreholes drilled at the site. The topsoil
thicknesses were established only at the borehole locations and ranged from 75 to 250 mm.
The topsoil thickness may vary between and beyond the borehole locations and the data is
not intended for the purpose of estimating quantities.

53 Silty Clay

A layered silty clay unit was encountered in the area of the east approach only. This unit
was interbedded with silt layers, eventually grading to silt at 4.3 m depth (elevation 305.1).
Standard penetration test N values obtained in the clay ranged from 5 to 15 blows per
300 m penetration, indicating a firm to stiff consistency. An N-value of 2 obtained near
4 m depth is believed to be low due to disturbance of the saturated silt layers.

The results of grain size analyses and Atterberg Limits testing on two samples of the silty
clay are presented in Appendix A. The plasticity chart plot indicates that the clay varies
from medium plastic (CI) to low plastic (CL-ML) with depth.

5.4 Silt

A silt deposit was encountered below the clay at the east approach and below the topsoil in

the remaining boreholes. The silt is non-plastic and exhibits a layered structure, with

occasional thin clay layers and laminations. In the boreholes at the east abutment and

approach, cobbles were encountered in the silt near elevation 300. The lower boundary of

the silt deposit generally falls towards the east, ranging from elevation 307.2 (5.0 m depth)
A
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at the west abutment to elevation 293.9 (13.2 m depth) at the cast abutment. Borehole
BPRS at the east approach was terminated in the silt at elevation 299.8 (9.6 m depth).

STP N-values obtained in the silt varied widely from 2 to 29 blows per 300 mm
penetration. Typically, the N-values range from about 6 to 16 blows/300 mm (loose to
compact), with the values below and above this range possibly attributed to the presence of
groundwater and cobbles, respectively. Moisture contents range from 18 to 29%.

Grain size distribution curves for the silt, prepared during the preliminary investigation, are
included in Appendix A.

5.5 Silty Sand

The silt is underlain by a stratum of silty sand with some gravel. The thickness of this
layer ranged from 2.7 to 3.0 m at the pier and east abutment, to 8.2 m at the west abutment.
The lower boundary of the silty sand falls towards the east from clevation 299.0 (13.2 m
depth) at the west abutment to elevation 290.9 at the east abutment.

Borehole BPR1 drilled at the west approach was terminated on a probable boulder in the
silty sand at 6.6 m depth (elevation 305.9). Boulders were also encountered in this deposit
in borehole BPR2, requiring rock coring procedures (diamond drilling) to penetrate.

SPT values measured in the silty sand at the pier and east abutment ranged from 22 to 38
blows per 0.3 m of penetration, indicating a compact to dense condition. At the west
abutment, SPT N-values ranged from 44 to 95 where the sampler was driven the full 0.3 m,
corresponding to a dense to very dense condition. On two occasions in borehole BPR2, the
sampler contacted boulders and could not be driven the full 0.3 m.

Grain size distributions for the silty sand are reported on the Record of Borehole sheets and
are plotted in Figure 4 in Appendix A. Moisture contents of about 4 and 11% were
determined for two samples.

5.6 Gravelly Sand with Silt, Cobbles and Boulders

Very dense gravelly sand with numerous cobbles and boulders was encountered below the
silty sand layer in the three deep boreholes. The upper boundary of this deposit drops
towards the east, from elevation 299.0 (13.2 m depth) at the west abutment to
elevation 290.9 (16.2 m depth) at the east abutment. The lower boundary rests on bedrock,
at 17.3 to 22.4 m depth (elevation 294.9 to 285.7), falling from the west abutment to the
pier location.

With only one exception, SPT testing obtained 50 blows for penctrations of less than
150 mm due to the very dense condition of the soil and the numerous cobbles and boulders.
One SPT value of 73 blows per 300 mm of penetration was recorded. Rock coring
methods were necessary to penetrate occasional bouldery zones.

The results of one grain size distribution analysis conducted on the gravelly sand matrix
are presented in Appendix A, Moisture contents ranged from 8 to 18%. '

1
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57 Bedrock

The soils described above were found to be underlain by bedrock of the Pre-Cambrian
Canadian Shield. The bedrock was proved by coring 2.9 to 3.9 m below the bedrock
surface. '

The rock is described as grey gneiss that is unweathered to moderately weathered, typically
slightly weathered. The reported core recovery was 73 to 100%. RQD values ranged from
60 to 100%, indicating a fair to excellent quality rock.

5.8 Depths to Refusal

Effective refusal, defined as an SPT value exceeding 100 blows for 0.3 m of penetration
{or 50 blows for Iess than 150 mm penetration), was encountered in the gravelly sand,
cobbles and boulders above the bedrock surface in the three deep boreholes. The depths at
which effective refusal was encountered, and the depth to the bedrock surface, are shown

in Table 5.1.
Table 5.1 — Refusal and Bedrock Depths
Refusal Bedrock
Location Borehole Depth (m) | Elevation | Depth (m) | Elevation
West Abutment BPR2 13.7 208.5 17.3 294.9
Pier BPR3 12.1 296.5 224 286.2
East Abutment BPR4 16.6 290.5 21.4 285.7

59 Water Levels
The initial and final groundwater depths and elevations are shown in Table 5.2.

Table 5.2 ~ Groundwater Depths and Elevations

Location Borehole Date Water Level (n_l) Comment
Depth | Elevation
West Approach BPR1 April 6, 2001 59 306.6 Not stabilized
West Abutment BPR2 April 12, 2001 11.2 301.0 Not stabilized
Pier BPR3 April 10, 2001 8.3 300.3 Not stabilized
. In piezometer,
April 11, 2001 6.5 302.1 ot stabilized
East Abutment | BPR4 | April17,2001 | 15 3056 | Dased onsample
moisture condition

East Approach BPRS April 6, 2001 3.0 30604 During drilling

The above values are shori-term readings, not stabilized, and seasonal fluctuations of the
groundwater level are to be expected. In particular, the groundwater level may be at a
higher elevation after the spring snowmelt or after periods of heavy rainfall.

—
[

THURBER



Municipal Service Road over Highway 11 Page 6

6 MISCELLANEOUS

The geotechnical data used in the preparation of this report was obtained from the Preliminary
Foundation Investigation Report, Proposed Highway 11, Municipal Service Road Underpass,
Katrine, Ontario, W.P. 314-99-00, prepared by Shaheen & Peaker Limited, dated November 7,
2001.

Interpretation of the field data obtained during the preliminary investigation and preparation of the
current investigation report were completed by Mr. Murray Anderson, P.Eng. Review of the report
was performed by Mr. Alastair E. Gorman, P.Eng. The report was also reviewed by Dr. P.XK.
Chatterji, P.Eng., a Designated Principal Contact for MTO Foundations Projects.

Thurber Engineering Ltd.
Murray R. Anderson, P.Eng., M. Eng.
Senior Geotechnical Engineer

Alastair E. Gorman, P.Eng., M.Sc.
Senior Foundations Engineer

P.K. Chatterji, P.Eng., Ph.D.
Review Principal.
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FOUNDATION INVESTIGATION AND DESIGN REPORT
MUNICIPAL SERVICE ROAD OVER HIGHWAY 11
HIGHWAY 11, HIGHWAY 518 WEST TO HIGHWAY 520
G.W.P. 480-93-00, W.P. 5405-04-01, SITE 44-427

Geocres Number: 31E-246

PART 2: ENGINEERING DISCUSSION AND RECOMMENDATIONS

7 INTRODUCTION

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

A two-span, 105.8 m long, post-tensioned trapezoidal voided deck structure is proposed at this site
and integral abutments are under consideration. The new Highway 11 at the underpass location
will be constructed in a cut extending up to 7.5 m below the existing ground surface. The
undersides of the abutment stems will lie approximately 4 to 5 m below existing grade, and the
base of the centre pier column will lie about 8 m below existing grade.

At the east abutment, the finished grade will be about Elevation 309.1. The original ground slopes
down to the southeast from about Elevation 310 to Elevation 308, resulting in minor cut and fill of
approximately 1 m.

At the west abutment, the finished grade will be about Elevation 313.1. The original ground slopes
down to the east from about Elevation 310.5 to Elevation 309.0, resulting in an approach fill
approximately 2.5 to 4.0 m high.

The discussion and recommendations presented in this report are based on our understanding of the
project and on the factual data obtained in the course of the preliminary investigation.
8§ STRUCTURE FOUNDATIONS

Foundation alternatives are presented in the following sections together with the cotresponding
geotechnical design parameters. A preferred foundation scheme is recommended.

Based on the results of the exploratory boreholes drilled at the proposed abutment and pier
locations, the stratigraphy consists of approximately 5 to 13 m of generally loose to compact silt
overlying a compact to very dense silty sand layer, underlain by dense to very dense gravelly sand
with cobbles and boulders. The gravelly sand was contacted at about 12 to 16 m depth and lies on
bedrock at depths of approximately 17 to 22 m. '

0
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Initial consideration was given to the following foundation types:
»  Spread footings on native soil
v Spread footings on engineered fill
©  Driven steel H-piles

s Caissons (drilled shaft piles)

Appendix B contains a table presenting a comparison of the technical advantages and
disadvantages of the different foundation schemes at this site.

8.1 Spread Footings

8.1.1 Footings on Native Soil

The upper deposit of silt is considered too loose to provide adequate support for spread
footings due to the low bearing resistance available and the potential for comparatively
large settlements. It is noted, however, that Highway 11 will be constructed in a cut at this
location, and as a result, founding levels for the west abutment and pier are expected to
extend below the silt unit and into the compact to very dense underlying sands.

The competent silty sand and gravelly sand deposits contain frequent cobbles and boulders.
In view of the potential for disturbance of the founding surface when removing bouldery
material, the difficulty in providing a clean level founding surface in these conditions, as
well as the potential subgrade variability due to boulders below the founding level, it is
recommended that a pad of engineered fill be placed over the sand deposits prior to
construction of footings. Further discussion is provided in the next section.

At the east abutment, the silt extends to greater depth. Construction of spread footings
would require substantial subexcavation of the silt and replacement with engineered fill.
Considering the depth to the sand deposit, use of spread footings is not considered feasible
at the east abutment.

§.1.2 Footings on Engineered Fill

Construction of spread footings on engineered fill placed over the dense to very dense silty
sand and gravelly sand (west abutment and pier) and the compact silt (east abutment) may
be considered. Tt is recommended that the pad of engineered fill be at least 2.0 m thick to
provide a good quality founding surface.

The underside of the engineered fill pad should extend down to or below the elevations
given in Table 8.1.

THURBER
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Table 8.1 — Maximuin Elevation of Underside of Engineered Fill

Location Borehole Maximun: Elevation of Underside of
Number Engineered Fiii Fad
West Abutment BPR2 : 306.0
Pier BPR3 298.0
Fast Abutment BPR4 303.0

It must be noted that the sub-excavation depth at the east abutment extends approximately
2.6 m below the groundwater level observed in the borehole. Groundwater control
measures will be required to enable excavation and compaction of the fill. Considering the
unwatering requirements, supporting the east abutment on spread footings is not a favoured
option.

Supporting the pier on a spread footing/engineered fill is considered feasible with the
abutments supported on a different type of foundation, possibly driven H-piles.
Excavation for fill pad construction would extend about 4 m below finished grade. A
groundwater control scheme will be needed to prevent disturbance of the subgrade and to
allow engineered fill to be placed in dry conditions.

The engincered fill must consist of OPSS Granular “A” placed in 150 mm lifts and
compacted to 100% of its SPMDD at +2% of optimum moisture content and generally
conforming to the geometry illustrated in Figure 1. .

Provided a minimum footing width of 2 m is maintained, a footing bearing on the
engineered fill may be designed for a concentric, vertical geotechnical resistance of
900 kPa at factored ULS and a resistance of 350 kPa at SLS.

These resistance values are for vertical, concentric loads. Where eccentric or inclined
loads are applied, the resistance used in design must be reduced in accordance with the
CHBDC Clause 6.7.3 and Clause 0.7 4.

For footings designed on the basis of the geotechnical resistance values given above, total
settlement under a footing is not expected to exceed 25 mm. Differential settlements are
not expected to exceed 20 mm across the width of the structure.

The lateral resistance of the footings founded on engineered fill may be computed using an
unfactored friction coefficient of 0.7. This is an “ultimate” value and requires a degree of
shiding movement to occur to fully mobilize the resistance.

8.2 Driven Steel Piles

The geotechnical conditions encountered at this site are considered suitable for driven steel
H-pile foundations.

The piles are expected to encounter effective refusal in the layer of sand containing cobbles
and boulders lying immediate above the bedrock. In some cases, a pile may penetrate this
layer without being obstructed by boulders and will meet refusal on the bedrock.

)
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The piles should be designed on the basis of the axial geotechnical resistances given in

Table 8.2.
Table 8.2 — Pile Geotechnical Resistance
Piles Driven Into Sand with Cobbles and Boulders
Pile Section ULS | SLS(25mm wEst““‘a‘ed Pile Tip E'“"“‘E“as -
es . ;
(Factored) | Settlement) Abutment Pier Abutment

HP310X 110 1,800 kN 1,600 kKN 298.5 296.5 290.5
HP 360 X 132 2,100 kN 1,800 kN 298.5 296.5 290.5

The pile tip elevations shown in Table 8.2 should be used for cost estimating purposes
only. The actual pile tip elevations will be controlied as described in Section 8.2.3 Pile
Driving.

8.2.1 Pile Tips

Due to the presence of cobbles and boulders in the expected founding layer, the tips of all
piles should be fitted with H-section rock points from an approved manufacturer such as
Titus Steel (Standard H-point), Pruyn Points, or approved equivalent.

The use of rock points is recommended for the following reasons:

¢ The piles will be driven into soil containing cobbles and boulders, which requires a
higher level of protection than driving into soils containing only smaller particle
sizes.

» Some piles may achieve refusal on large boulders, which will require the same pile
tip protection and reinforcement as founding on bedrock.

» Some piles may fully penetrate the zone of cobbles and boulders and achieve
refusal on the bedrock.

¢ In the case of partial bearing on bedrock, the cast steel point will provide better
stress distribution without failure than would be achieved in a pile tip reinforced
with a driving shoe.

8.2.2 Pile Installation
Pile installation should be in accordance with Special Provision No. 903S01.
The Contract Documents should contain a NSSP alerting the bidders to:

e The presence of cobbles and boulders in the sands just above bedrock.

e The possibility of piles within a group achieving the specified resistance at
different elevations.

o The possibility of some piles meeting refusal on a large boulder.

[}
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e The possibility that some piles may fully penetrate the zone of cobbles and
boulders and achieve refusal on the bedrock.

The NSSP should require the QVE to terminate driving before the pile is damaged by
overdriving. Suggested wording for the NSSP is included in Appendix C.

To facilitate pile installation, embankment fill through which piles will be driven must not
contain oversize material, i.e. no particles exceeding 75 mm in size.

8.23 Pile Driving

Pile driving within 2 m of the estimated pile tip elevation (Table 8.2) should be controlled
by the Hiley Formula and an ultimate pile resistance to be specified by the designer in
accordance with Clause 3.3.2 (b) Construction Stage of the Structural Manual. The
appropriate pile driving note is “Piles to be driven in accordance with Standard SS 103-11
using an ultimate resistance of “R” kN per pile”. “R” must have the minimum values
shown in Table 8.3.

Table 8.3 — Ultimate Geotechnical Resistance of Piles

Pile Ultimate Resistance, R (kN)
HP 310X110 3,600 kN
HP360X132 4,200 kN

The Contractor should be alerted to the fact that the piles may penetrate through the cobble
and boulder layer and may contact the bedrock. If this happens, the Hiley formula is not
applicable and a site decision must be made that bedrock has been encountered and that
further pile driving must be controlled to adequately seat the pile in the bedrock without
overdriving and damaging the pile. A suitable criterion for deciding that bedrock has been
contacted is: 10 blows at full energy for 12 mm penetration, for two consecutive sets of 10
blows. The geotechnical resistances given in Table 8.2 remain valid in this situation.

8.24 Downdrag

The soils at the abutments are non-cohesive and settlements induced in the native soils
around the piles by construction of the approach embankments will be substantially
complete as construction of the embankment is completed. Post-construction downdrag on
the piles is therefore not considered to be an issue at this site. However, it is recommended
that the approach embankments be constructed three months in advance of pile driving.
The embankment should be constructed up to the level of the abutment from the forward
slope to a distance back sufficiently far to allow access and operation of construction
equipment. Beyond that distance, the embankment should be constructed to full height.

8.2.5 Lateral Resistance of Piles

The lateral resistance of the piles may be calculated using a value for the coefficient of
horizontal subgrade reaction (k) and ultimate lateral resistance (puy) as follows:

]
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k, = n,.z/D (KN/m)
Puit = J.y.z. K, (kPa)
where z = depth of embedment of pile in metres
D = pile width in metres
Dy = coefficient of horizontal subgrade reaction (Table 8.4)
Y = unit weight (Table 8.4)
K, = passive earth pressure coefficient (Table 8.4)

The above equations and recommended parameters may be used to analyze the interaction
between a pile and the surrounding soil. The lateral pressures obtained from the analysis
should not exceed the ultimate lateral resistance.

The spring constant, K, for analysis may be obtained by the expression, K=k, xL x D
(kN/m), where k; is the coefficient of horizontal subgrade reaction (kN/m3), D is the pile
width (m) and L is the length (m) of the pile segment or element used in the analysis. The
ultimate lateral resistance on any one segment of pile, Py, may be obtained from the
expression, Py = pu*L*D. This represents the ultimate load at which the pile fails and
will not support any additional load at greater displacements. It is recommended, however,
that the total lateral resistance assumed in one pile be limited to no more than 150 kN at
ULS and 50 kN at SLS.

Table 8.4 — Parameters for Lateral Pile Resistance

Location Elevation n, K, Unit Weight
(KN/m’) (kN/m’)

West Abutment OGL to 307 1,600 2.7 19
307 to 299 6,000 a1 20

299 to 295 9,000 33 20

Pier OGL to 300 1,200 2.7 19

300 to 297 8,000 3.0 20

297 to 286 9,000 3.3 20

East Abutment OGL to 294 1,600 2.7 19
294 t0 291 6,000 3.0 20

291 to 286 9,000 33 20

The modulus of subgrade reaction may have to be reduced, based on the pile spacing. The
reduction factors to be used for a pile group oriented perpendicular or parallel to the
direction of loading are provided in Table 8.5. Intermediate values may be obtained by
linear interpolation.

)
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Table 8.5 — Subgrade Reaction Reduction Factors for Pile Spacing

Condition Pile Spacing, Reduction Factor
Cenire io Cenire*
Pile group oriented perpendicular 4D 1.0
to direction of loading 1D 0.5
Pile group oriented parallel to 8D 1.0
direction of loading 6D 0.7
4D 0.4
D 0.25

* where I} is the breadth of pile

In the case of conventional abutments, i.e. not integral, horizontal loads may be resisted by
means of battered piles.

8.3 Caissons

The soil conditions, and more particularly the groundwater conditions at this site are not
considered to be suitable for caisson foundations. To achieve the high resistance necessary
to justify the construction costs, the caissons would have to be founded on bedrock, or
possibly in very dense gravelly sand.

When attempting to found on bedrock, there could be difficulties sealing the liner to allow
unwatering of the caisson and placement of concrete in the dry. In the case of caissons
founded in the very dense gravelly sand, it would be impossible to achieve a seal and shurry
excavation and tremie concreting would be necessary.

Caissons are also not considered to be suitable for construction on a batter to resist
horizontal 1oads.

On the basis of the installation difficulties and risks assessed for this site, caissons are not
recommended,

8.4 Recommended Foundation

The recommended foundation system for both abutments at this site is steel H-piles driven
to refusal as controlled by application of the Hiley formula. The pier could be founded on
driven steel H-piles or on spread footings constructed on engineered fill.

8.5 Abutment Type

From a geotechnical perspective, the subsurface conditions at this site are considered to be
suitable for the construction of conventional, semi-integral or integral abutments.
However, the recommended abutment foundation system of H-piles makes integral
abutments a feasible option.

The integral abutment design requires that the piles possess flexibility in the upper 3 m of
the pile length. At this site, the upper 3 m of the pile length will lie in very loose sandy silt
which, in its original state, would provide sufficient flexibility. However, if the upper 3m

THURBER ‘



Municipal Service Road over Highway 11 Page 14

of the piles lies in compacted fill or if the native soil becomes compacted by the
construction processes, the required flexibility may be compromised. Accordingly, to
provide the required flexibility in the piles, the upper 3 m of the piles should be surrounded
by one of the following systems:

e For a “true abutment” supported on top of the piles - a 600 mm diameter CSP filled
with sand, or

¢ For “false abutment” - concentric CSPs in accordance with standard integral abutment
design procedures.

The sand must be placed in the CSP after the pile has been driven to avoid the danger of
the sand being densified by pile driving.

Backfill sand should meet the gradation shown in Table 8.6.
Table 8.6 — Integral Abutment Sand Grading

MTO Sieve Designation Percentage Passing
2 mm #10 100%
600 pm #30 80%-100%
425 pm #40 40%-80%
250 pm #60 5%-25%
150 pm #100 0%-6%
8.6 Frost Protection

The depth of earth cover required to provide frost protection for footings and pile caps at
this site is 1.8 m.

It is possible to reduce the thickness of earth cover by the substitution of synthetic
insulation. Typically, 25 mm of rigid, extruded polystyrene insulation is equivalent to
600 mm of earth cover. Synthetic insulation must be covered to provide protection where
it is used.

Rock fill is not equivalent to earth fill in terms of thermal resistance. Frost may penetrate
deeper through rock fill than earth fill and the possibility exists for freezing conditions to
develop below the pile cap. Therefore, non-frost susceptible free-draining granular fill
with less than 5% particles by mass finer than 75 pm should be specified for construction
of the pile driving pad within the rock fill. |

9 EXCAVATION (LOCAL)

All excavation must be carried out in accordance with the Occupational Health and Safety Act
(OHSA). For the purposes of the OHSA, the native soils at this site may be classed as Type 3 soils
above the water table. This classification is based on the lack of cohesion in the soils and the

—
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resulting possibility that excavation slopes will slough if excavated vertically for the lower 1.2 m.
Excavation slopes should not exceed 1V:1H above the groundwater level.

Excavation below the groundwater level without prior dewatering is not recommended since the
inflow of groundwater may cause boiling and sloughing of the soil below the water table making it
difficult to maintain a dry, sound base on which to work.

Prior to excavation below the natural groundwater level, the groundwater must be depressed to a
level below the deepest excavation level sufficient to maintain a stable base and prevent soil
disturbance by construction traffic.

10 UNWATERING

Stabilized groundwater levels were not recorded during the preliminary investigation but based on
the available data are expected to be near elevation 306. Based on the preliminary GA for the
bridge structure, it is expected that work at the abutments will require excavation extending some
3 m below the stabilized groundwater level at the time of drilling. Excavation at the pier is
expected to extend some 7 m below the observed water levels.

Highway 11 will be constructed in cut at the structure location and therefore the actual water levels
encountered at the time of construction will depend upon the construction sequencing. It is
recommended that the mainline cut be completed in advance of bridge construction so that the
highway drainage system can lower the groundwater prior to the start of localized excavation and
dewatering,

The design of the dewatering system that may be required is the responsibility of the Contractor
and the Contract Documents must alert him to this responsibility and the need to engage a
dewatering specialist. While the responsibility for dewatering should remain with the Contractor,
suitable systems that might be employed include pumping from filtered sumps for penetration of no
more than 0.5m below the groundwater level and the use of vacuum wellpoints for deeper
penetration below the groundwater level.

11 APPROACH EMBANKMENTS

Approach embankments approximately 2.5 to 4.0 m high are required at the west approach and will
be founded on loose to compact silt. A fill approximately 1.0 m high will be required within 5 m
of the east abutment and will be founded on the loose to compact silt. To the east of this area, the
Municipal Service Road profile will require 2 cut in the order of 1.0 m deep that will result in an
urloading effect on the layer of soft to stiff silty clay encountered in this section.

Stability analysis indicates that earth fill approach embankments with 2H:1V side slopes or rock
fill embankments with 1.25H:1V side slopes constructed on the native soils will have a factor of
safety greater than 1.5. Foundation settlements under the embankment loading will be less than
25 mm and are expected to be immediate in nature.

The embankments arc considered to be stable under earthquake loading on the assumption of a
stable foundation. This topic is dealt with more completely in Section 16: Seismic Considerations.

L1
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All topsoil, organics and disturbed material should be stripped from the embankment footprint
pricr to fill placement. Embankment construction should be in accordance with OPSS 206, as
amended by Special Provision “Amendment to OPSS 206, December 19937, dated November 2002
and referenced in Appendix C.

In accordance with Northeastern Region policy, embankments higher than 6 m must be provided
with mid-height berms. The berms should:

¢ extend for the length through which the embankment height exceeds 6 m
¢ be2mwide
e have 2% positive drainage in earth fill to shed run-off water.

Earth fill embankment slopes must be provided with erosion protection in accordance with
OPSS 572.

12 MAINLINE CUT

In the vicinity of the structure, Highway 11 will lie in a cut approximately 5 m deep formed in the
loose to compact silt and penetrating into the dense to very dense sand at the west ditch line. The
base of the cut will lie 1 to 2 m below the groundwater level at the site. The following
recommendations relate to the cut within 20 m of the structure centreline.

It is recommended that the cut at the structure be constructed in conjunction with the remainder of
the mainline cut in this area. The cuts should be completed at least 3 months in advance of bridge
construction to allow drawdown of the groundwater to occur, thus reducing the dewatering effort
required at the structure.

The backslopes in the cut must be no steeper than 2H:1V and must be provided with rock
protection, including geotextile, from the ditch invert up to elevation 306. Earth cut slopes in areas
not covered with rock protection must be provided with erosion protection in accordance with
OPSS 572.

13 RETAINED SOIL SYSTEMS

RSS walls used in conjunction with bridge abutments must be “High Performance™ and “High
Appearance”. Therefore it is important to limit the settlement that the RSS walls experience due to
compression of the foundation soils and embankment fill.

Provided the approach fill is placed at least 3 months prior to RSS wall construction and proper
ground preparation is carried out prior to construction of the walls, RSS systems are considered
suitable for the subsurface conditions at this site and are expected to meet the aesthetic and
structural requirements.

The following minimum preparation of the base below the RSS is recommended:

o The topsoil and zones of loose silt should be stripped from the footprint of the RSS.

....... §
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¢ The RSS wall at the west abutment should be founded on the dense to very dense silty
sand at or below ¢levation 307.2 m.

¢ The RSS mass at the east abutment must be founded on an engineered fill pad at least 2 m
thick and extending at least 500 mm beyond the Hmits of the RSS mass and levelling strip.
The engineered fill must consist of OPSS Granular A or Granular B in conformance with
SP110F13 and compacted according to OPSS 501 and SP105S10.

¢ The highest permitted founding level for the underside of the engineered fill at the east
abutment is Elevation304.0 m. A lower founding elevation may be required to
accommodate the required thickness of engineered fill.

e Approach fill should be in place for at least 3 months prior to construction of the RSS to
reduce post-construction consolidation settlement of the foundation soils.

For a wall constructed on a subgrade prepared as outlined above, the geotechnical parameters to be
used for the design of the RSS walls are presented in Table 13.1.

Table 13.1 — RSS Design Parameters

Parameter East Abutment West Abutment
Factored ULS Bearing Resistance at Contact
of RSS Wall and Prepared Subgrade 300 kPa 900 kPa
SLS Bearing Resistance at Contact of RSS
Wall and Prepared Subgrade 200 kpa 350 kba
Coefficient of Sliding Resistance at Contact 055 0.55
between RSS Wall and Prepared Subgrade ' )

The design, supply and construction of RSS must be in accordance with SP 599522, The supplier
of the proprietary RSS system must demonstrate that it will meet the Ministry’s specifications for
performance and appearance. The RSS supplier/designer may specify more stringent criteria or
other requirements related to the particular design.

14 BACKFILL TO ABUTMENTS

In the case of integral or semi-integral abutments, backfill to the abutment should be granular
material.

In the case of a conventional abutment, granular backfill is recommended but rock backfill can be
permitied. A NSSP is required to specify grading limits for the rock fill. The rock fill used as
backfill to the abutment should be limited to fragments no greater than 75 mum and including
adequate spalls to fill voids in the rock fill.

In all cases where the approach embankment consists of rock fill and granular backfill to the
abutment wall is used, the granular backfill must consist of OPSS Granular “B” Type IL

The backfill to the abutment walls must be in accordance with OPSS 902 as amended by Special
Provision 902801. Granular backfill must be placed to the extents shown in OPSD 3501.000, and
rock backfill must be placed to the extents shown in OPSD 3505.000. '

1
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Compaction equipment to be used adjacent to retaining structures must be restricted in accordance
with SSP 105810.

The design of the abutment must incorporate a subdram as shown in OPSD 3501.000 or
OPSD 3505.000, as applicable,
15 EARTH PRESSURE COEFFICIENTS (ABUTMENTS)

Earth pressures acting on the structure may be assumed to be triangular and to be governed by the

characteristics of the abutment backfill. For a fully drained condition, the pressures should be

computed in accordance with the CHBDC but generally are given by the expression:

p=K({h+q
where: Pr. = horizontal pressure on the wall at depth h (kPa)
K = earth pressure coefficient (see table below)
T = unit weight of retained soil (see table below)
h = depth below top of fill where pressure is computed (m)
q = value of any surcharge (kPa)
Earth pressure coefficients for backfill to the abutment wall are dependent on the material used as

backfill. Typical values are shown in Table 15.1.

Table 15.1 — Earth Pressure Coefficients (K)

Earth Pressure Coefficient (K)
OPSS Granular A or OPSS Granular B Type I Rock Fill
OPSS Granular B Type 1T (Limited to 300 mm size)
Condition $=35%y =228 kN/m’> | ¢=32°v=21.2kN/m’ b =42°, 1 =19 KN/m’
Horizontal Sloping Horizontal Sloping Horizontal Sloping
Surface Surface Surface Surface Surface Surface
Behind Behind Behind Behind Behind Behind
Wall Wall Wall Wall Wall Wall
(2H:1V) (2H:1V) (2H:1V)
Active
0.27 0.40% 0.31 0.43% 0.2 30%
{Unrestrained Wall) :
At rest (Restrained
0.43 - 0.4 - . -
Wall) 7 33
Passive (Movement
37 - 33 - . -
Towards Soil Mass) 50

* For wing walls.

In conventional design, the use of a material with a high friction angle and low active pressure
coefficient (e.g. Granular A, Granular B Type II) might be preferred as it results in lower earth

pressures acting on the wall. In the case of integral abutments, material with a lower passive

DD
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pressure coefficient (e.g. Granular B Type I) might be preferred as it results in lower forces acting
on the ballast wall as the wall moves toward the soil mass.

The factors in Table 15.1 above are “ultimate” values and require certain movements for the
respective conditions to be mobilized. The values to use in design can be estimated from
Figure C6.9.1 (a) in the Commentary to the Canadian Highway Bridge Design Code.

In accordance with Clause 6.9.3 of the CHBDC, a compaction surcharge should be added. The
magnitude should be 12 kPa at the top of fill and decreasing to 0 kPa at a depth of 2.0 m for
Granular B Type I or 1.7 m for Granular A or Granular B Type I1.

16 SEISMIC CONSIDERATIONS

For design purposes, the site is treated as lying in Seismic Zone 1.

16.1 Seismic Design Parameters

The following seismic parameters should be used for design:

e Velocity Related Seismic Zone 1
e Zonal Velocity Ratio 0.05
e Acceleration Related Seismic Zone 1
¢ Zonal Acceleration Ratio 0.05
¢ Peak Horizontal Acceleration 0.08

The Soil Profile Type at this site has been classified as Type I. Thus, according to Table
4.4.6.1 of the CHBDC, a Site Coefficient “S” of 1.0.should be used in seismic design.

16.2 Ligquefaction Potential

The potential for liquefaction of the foundation soils has been assessed using the Seed and
Idriss (1971) method'.

Using this method, it was determined that the foundation soils at the abutments are not in
danger of liguefaction under earthquake loading.

16.3 Retaining Wall Dynamic Earth Pressures

In accordance with Clause 4.6.4 of the CHBDC, retaining structures should be designed
using active (Kag) and passive (Kpg) earth pressure coefficients that incorporate the effects
of earthquake loading. The seismic earth pressure coefficients to be used in design at this
site are shown in Table 16.1.

" Seed, H.B. and Idriss, .M. 1971, “Simplified Procedure for'EvaIuating Soil Liquefaction Potential”
Journal of Soil Mechanics and Foundations Division, ASCE, Vol, 101, No. SM9, pp. 1249 — 1273.
1
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Table 16.1 —~ Earth Pressure Coefficients (K) for Seismic Design

Earth Pressure Coefficient (K) for Earthquake Loading
OPSS Granular A or OPSS Granular B Type I Rock Fill
OPSS Granular B Type I (Limited to 300 mm size)
= o - = o — —_ -] —_ <
Condition $=35°06 =17° $=32°08 =16° $=42°5 =21
Horizontal Sloping Horizontal Sloping Horizontal Sloping
Surface Surface Surface Surface Surface Surface
Behind Behind Behind Behind Behind - Behind
Wall Wall Wall Wall Wall Wall
(2H:1V) (CH:1V) (2H:1V)
Active®, Kap 0.30 0.45 0.33 0.54 0.23 031
{(Unrestrained Wall) ' ' ’ ) '
At rest**, Kop 0.59 _ _ 4 B
(Restrained Wall) ’ 0.63 0.43
Passive*, Kpy,
(Movement 6.3 - 54 - 12.0 -
Towards Soil Mass)

*  After Mononobe and Okabe, passive case assumes a horizontal surface in front of the wall,

** After Woods

In Table 16.1, the angle of friction between the wall and the backfill, &, is taken as 50% of
the angle of internal friction of the backfill, ¢.

16.4

Slope Stability Considerations

Seismic effects were taken into account in the slope stability analyses conducted for this
site using pseudo-static methods and assuming that the foundation soils would not be
subject to liquefaction. Under these conditions, satisfactory factors of safety were obtained
from the analysis, i.e. all values exceeded 1.0.

17 CONSTRUCTION CONCERNS

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

The possibility of piles reaching refusal on large boulders or bedrock. In this case, the Hiley

formula is not appropriate and site staff must make a decision regarding pile resistance and the

appropriateness of continued driving.

The potential variability of pile lengths at refusal.

Excavation for spread footings and engineered fill construction, if employed, is expected to

encounter cobbles and boulders. Provision of a level base in this material may be difficult if
large boulders are encountered at the excavation base level. Excavation should be carried out

in a manner which minimizes disturbance to the subgrade.
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e Excavation below the groundwater level at the time of construction will require an unwatering
system suitable to maintain a sound, dry excavation for pile cap, footing or engineered fill
construction.

18 CLOSURE

Engineering analysis and preparation of the foundation design report were carried out by
Mr. Murray Anderson, P.Eng. The report was reviewed by Mr. Alastair E. Gorman, P.Eng. The
report was also reviewed by Dr. P.K. Chatterji, P.Eng., a Designated Principal Contact for MTO
Foundations Projects. '

Thurber Engineering Litd.
Murray R. Anderson, P.Eng., M.Eng.
Senior Geotechnical Engineer

Alastair E. Gorman, P.Eng., M.Sc.
Senior Foundations Engineer

P.K. Chatterji, P.Eng., Ph.D.
Review Principal
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Data From Preliminary Investigation Report



SYMBOLS, ABBREVIATIONS AND TERMS USED ON RECORDS OF BOREHOLES

TEXTURAL CLASSIFICATION OF SOILS

CLASSIFICATION
Boulders

Cobbles

Gravel

Sand

Silt

Clay

PARTICLE SIZE
Greater than 200mm
75 to 200mm

4.75 to 75mm

0.075 t0 4.75mm
0.002 to 0.075mm

Less than 0.002mm

VISUAL IDENTIFICATION
same
same

510 75mm

Not visible particles to Smm

Non-plastic particles, not visible to

the naked eye
Plastic particles, not visible to
the naked eye

2. COARSE GRAIN SOIL DESCRIPTION (50% greater than 0.075mm)
TERMINOLOGY PROPORTION
Trace or Occasional Less than 10%
Some 10 10 20%
Adjective (e.g. silty or sandy) 2010 35%
And (e.g. sand ard gravel) 3510 50%
3. TERMS DESCRIBING CONSISTENCY (COHESIVE SOILS ONLY)
DESCRIPTIVE TERM UNDRAINED SHEAR APPROXIMATE SPT'N’
STRENGTH (kP'a) YALUE
Very Soft 12 or less Lessthan 2
Soft 12t0 25 2to4
Fitm 25to 50 4t08
Stiff 50t0 100 §to 15
Very Stiff 100 to 200 1510 30
Hard Greater than 200 Greater than 30
NOTE: Hierarchy of Soil Strength Prediction I} Laboratory Triaxial Testing
2) Field Insitu Vane Testing
3) Laboratory Vane Testing
4} SPT value
3) Pocket Penetrometer
4. TERMS DESCRIBING DENSITY (COHESIONLESS SOILS ONLY}
DESCRIPTIVE TERM SPT “N” VALUE
Very Loose iessthan 4
Loose 4to 10
Compact 10 to 30
Dense 30to 5¢
Very Dense Greater than 50
5. LEGEND FOR RECORDS QF BOREHOLES
SYMBOLS AND SS . Split Spoon Sample WS Wash Sample AS Auger (Grab) Sample
ABBREVIATIONS TW Thin Wall Shelby Tube Sample TP Thin Wall Piston Sample
FOR PH Sampler Advanced by Hydraulic Pressure  PM Sampler Advanced by Manual Pressure
SAMPLE TYPE WH Sampler Advanced by Self Static Weight RC Rock Cote SC Soil Core
Undisturbed Shear Strength
Sensitivity =
Remoulded Shear Strength
-¥_ Water Level
Con Shear Strength Determination by Pocket Penetrometer
D SPT N’ Value  Standard Penctration Test ‘N’ Value — refers to the number of blows from a 63.§kg hammer free falling a
height of 0.76m to advance a standard 50 mm outside diameter split spoon sampler for 0.3 m depth into undisturbed ground.
(2) DCPT Dynamic Cone Penctration Test — Continuous penctration of a 50 mm outside diameter, 60° conical

steel point attached to “A” size rods driven by a 63.5 kg hammer frec falling a height of 0.76 m. The resistance to cone
penctration is the number of hammer blows required for cach 0.3 m advance of the conical point into undisturbed ground.



UNIFIED SOILS CLASSIFICATION

GROUP
MAJOR DIVISIONS SYMBOL TYPICAL DESCRIPTION
GwW Well-graded gravels or gravel-sand mixtures, little or
GRAVEL no fines.
AND GP Poorly-graded gravels or gravel-sand mixtures, little
GRAVELLY or no fines.
COARSE SOILS GM Silty gravels, gravel-sand-silt mixtures.
GRAINED GC Clayey grafels, gravel-sand-clay mixtures.
SOILS SW Well-graded sands or gravelly sands, little or no
SAND AND fines.
SANDY Sp Poorly-graded sands or gravelly sands, little or no
SOILS fines.
SM Silty sands, sand-silt mixtures,
SC Clayey sands, sand-clay mixtures.
ML Inorganic siits and very fine sands, rock flour, silty or
clayey fine sands or clayey silts with slight plasticity.
CL Inorganic clays of low to medium plasticity, gravelly
SILTS AND clays, sandy‘clays, silty clays, lean clays.
FINE CLAYS (WL <30%). -
GRAINED Wy < 50% CI Inorganic clays of medium plasticity, silty clays.
SOILS (30% < Wy, < 50%).
OL Organic silts and organic silty-clays of low plasticity.
MH Inorganic silts, micaceous or diatomaceous fine
SILTS AND sandy or silty soils, €lastic silts.
CLAYS CH Inorganic clays of high plasticity, fat clays.
W > 50% OH Organic clays of medium to high plasticity, organic
silts.
HIGHLY Pt Peat and other highly organic soils.
ORGANIC
SOILS
CLAY SHALE
SANDSTONE
SILTSTONE
CLAYSTONE
COAL




EXPLANATION OF ROCK LOGGING TERMS

ROCK WEATHERING CLASSIFICATION

Fresh (FR)
Fresh Jointed {FJ)

Slightly Weathered
(5W)

Moderately Weathered

No visible signs of weathering.

Weathering limited to the surface of major

discontinuities.

Penetrative weathering developed on open discontinuity
surfaces, but only slight weathering of rock material.

Weathering extends throughout the rock mass, but the

SYMBOLS

%

e g e
b o - o - —

o = o —

CLAYSTONE

SILTSTONE

MW) rock material is not friable. SANDSTONE
Highly Weathered Weathering extends throughout the rock mass and the
(HW) rock is partly friable. COAL
Completely Weathered Rock is wholly decomposed and in a friable condition, Bedrock (general
(CW) but the rock texture and structure are preserved. W edrock (& )
DISCONTINUITY SPACING STRENGTH CLASSIFICATION o
Rock Approximate Uniaxial Field Estimation
Bedding Bedding Plane Spacing Strength Compressive Strength of Hardness*®
(MPa) (psi) .
Very thickly bedded Greater than 2m Extremely Greater than  Greater than Spem.men can only
Strong 250 36,000 be chipped with a
Thickly bedded 0.6 to 2m geological hammer
Medium bedded 0.2 to 0.6m Very Strong ~ 100-250 15,000 to Requires many
36,000 blows of geological
Thinly bedded 60mm to 0.2m bammer to break
Very thinly bedded 20 to 60mm Strong 50-100 7,500 to Requires more than
15,000 one blow of
Laminated 6 to 20mm geological hammer
. to break
Thinly Laminated Less than 6mm Medium 25.0t0500 3,500t0 Breaks under
| Strong 7,500 single blow of
TERMS geological
hammmer.
Total Core Recovery: Core recovered as a percentage | Weak 5.0t0 25.0 750 t0 3,500 Can be peeled 1.3}' a
(TCR) of total core run length. pocket knife with
difficulty
Solid Core Recovery: Percent Ratio of solid core of Very Weak 1.0 te 5.0 150 t0. 750 Canbe pc.eled bya
(SCR) full cylindrical shape pocket knife,
recovered. Expressed with crumbles under
respect to the total Iength of firm blows of
core run. geological pick.
Rock Quality Total length of sound core Extremely 0.25t0 1.0 35t0 150 Indented by
Dcsignaﬁon: recovered in pieces 0.1min Weak thumbnail
(RQD) length or larger as a percentage (Rock)
of total core run length.
Uniaxial Compressive  Axial stress required to break
Strengﬂ)_ (U CS) the specimen
Fracture Index: Frequency of natural fractures
(FI) per 0.3m of core run.
[
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Ministry of ) )
Ttmmﬁon Foundation Design
Cntario
RECORD OF BOREHOLE No BPR1 1OF 1 METRIC
W.P. 314-99-00 LOCATION _ Municipal Service Road Underpass - Katrine, ON - Coonds: N 50468 631.8: E3159201  ORIGINATED BY _GI
DIST 52 HWY 11 BOREHOLE TYPE _ Solid Stem Augaring COMPILED BY GT
DATUM _Geodetic DATE 06.04.01 CHECKED BY LSR
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o Y |RESISTANCE PLOT wAURR = REMARKS
ol % _ o T
- wl|25] & 2 40 B0 B0 100 CONTENT wol s 0 &
2lelwl Y12E] 3 ! ! ! : wp w w| 5% | oramsue
ELEV DESCRIPTION f_— 2| g 2 a8 g SHEAR STRENGTH kPa o ISTRIBUTION
DEPTH 513 ol =12 5 X | O UNCONFINED  + FIELDVANE ¥ (%)
== Z|EC| @ |® QUICKTRIAXAL X LABVANE WATER CONTENT (%)
312.5| Ground Surface w 20 4 60 B2 100 20 40 €0 kem3 Jor sA S CL
0.0 75 mm Topsolt °
loose 1| ss | 4
..... 312
SILT
{laminated) 2| &8 14 ] 0 2 8 ¢
maist to wet
M1
3|ss| 13 <]
increasing 4 | 88 15 30 by
fine sand
content
5|88 ] 10
brownish 309
Qrey 6}ss | 1 g ¢ 12 B8 O
308t
7188 16 g
8| ss | 16 R
306.6 Y
59 SILTY SAND l 1
some gravel, very dense, grey, wet . 9} 58 &0
305.8 i ] 306
6.6 End of borehole

Refusal to augering at 6.6 m
“Water lavel at 5.9 m (not slabiized)
and hole open to 6.0 mon
complation

+

3

3. Numbers refer to

o ;
‘5*}5’ (%) STRAIN AT FAILURE



oy

'#gggogratlon Foundation Design

Ontario .
.
RECORD OF BOREHOLE No BPR2 10F2 METRIC
WP, 3149900 LOGATION Municipal Servics Road Underpass - Katrine, ON - Coords: N 5 048 945.8; £ 315 9150 ORIGINATED BY G
f DIST __ &2 HWY 1 BOREHOLE TYPE _ Sofid and Hofiow Stem Augering, Washboring & NG Rock Coring COMPILEDBY _ GT
DATUM _Geodetic DATE 14.04.01 & 12.04.01 ' CHECKED BY ___ L8R
— DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES | & Y |ReSSTANCEPLOT — — REMARKS
¢ Fol & . PLASTIC sl s "
6 w E g & 20 40 €0 80 100 it CONTENT bl &
2|6 YiZel 2 L.l wp w wi| ¥ | oranseze
o ElE| €] 2|25 2 [SHEARSTRENGTHKPa LD DISTRIBUTION
-EJ—EM-DEPTH ESCRIPTION E =t 585 T o UNCONFINED  + FIELD VANE ¥ %)
. El= z|£0| & |e quokTRiaaL x LavaNE | WATER CONTENT (%)
312.2| Ground Surface ul 2 40 60 80 00 o 40 80 kN3 |GR SA S CL
00 150 mm Topsoll e
v 1]ss| 2 3z
foose
"
compact 2| ss | 12 o o 4 824
rootiets to 1.2 m to 3t
SILT foose
(faminated) 3fss i 10 o
wat
...... 310 .
increasing 4| 85 11 . o
fine sand brown ’
- contet ~ TTTTTC
grey 5| ss | ¢ 309
- & 88 - g
308
2072 T|lss| 8 q Hos T14 82 4
“ 50 i 207 augering
obrsstwend F 0} 0 11 o+ | bt -
BOULDER d7 s | Na o washboring
- SILTY SAND ) l a0e
some gravel, dense 1o very dense, l 04 85 | 48 ) °
orey l
111 85 | s
- moist to wet i 305
wet [z ss | s ' 465 29 2
l 1 304
-
I 303
- [ {13 88 | &2
oceasional b l
sandy sit il 1 am
i lenses .I
BOULDERS [, X 201 Aprit 11
|51 T {1 1 ! 't 1r r 1 1+ « 1 1 v |\
3 4 April 12
l 300
Tvryes | & 3 48 (4
- ‘i ]
2000 - 208
13,2 )
= GRAVELLY SAND 7 & (18
with sitt, cobbles and boulders B8 sns] -
very dense, gray, " 298
wat R
L 207.2
15.0 Continuad Naxi Page

2
3 3,  Numbers refer to
U Sensilivity . ‘S%S {%) STRAIN AT FAILURE
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Ministry of ) .
Tmnstgoﬂation Foundation Dasign
Cntaria

RECORD OF BOREHOLE No BPR2 20F2 METRIC
W.P. 314-99-00 LOCATION _Munkipal Service Road Underpass - Katrine, ON - Coords; N5 (48646 8, E 3159150 ORIGINATED BY _G.
DIST £2 HWY t1 BOREHOLE TYPE _ Solid and Hollow Stem Augering, Washboring & NQ Rock Coning COMPILED BY GT
DATUM _Geodetic DATE 11.04.01 & 12.04.01 CHECKED BY LSR
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 4 W IRESISTANGCE PLOT ATURAL e REMARKS
o, X -2___ PLASTIC R ] .
5 wl$5| @ 20 4 8 8 100 [Y"  comw M| F O
Fib YlakE] Z Ty —— wp w w § 5 & | cranseze
ELEY ESCRIPTIO cjel €| 2|z g| 2 [SHEARSTRENGTHKPa — Oy DISTRIBUTION
DEPTH DESCRIPTION 5|21 F | 5|2&] § |o uvconrmen  + FiELDVANE . %)
H F|EO| & |e ouickTRIAxAL X LABVANE | WATER CONTENT (%)
2972 w 20 40 &0 80 100 20 4 & wum3 |GR sA SI €L
150 N 297
" =
GRAVELLY SAND S
with siit, cobbles and boulders . ‘7
vary dnesr. orey, P 06
. wel 3 A
L] '.'
A
B A L AR
2549 soucer |27t ro 2
7.3 m—
p——d N Rec.
22 | NQ | Rec ROD=60%
RC | 73%
204
BEDROCK
) NQ | Rec. ROD=65%
{Gneiss) RC | B5%
grey 9
262
NQ | Rec. RQD=77%
RC | 90%
291.0
21.2 End of borehote
“Water lovel al 11.2 m {nat stabilized
in hollow stem augers). Hole open to
1.7 m on completion
+3.)<3‘ Nembers refer 1o

Sensitivity

p j
‘5*3;5 (%) STRAIN AT FAILURE



Misi! af
(59) Yiahumihoon

Foundation Design
Ontario
RECORD OF BOREHOLE No BPR3 10OF2 METRIC
WP, 3145300 LOCATION _ Municipal Sarvice Road Underpass - Katrine, ON - Coords: N 5 048 996.6; E 315817.0  ORIGINATED BY G
DIST 52 HWY H BOREHOLE TYPE _ Holiow Stem Augaring, Washboring & NG Rock Coring COMPILED BY G.T
DATUM Geodatic DATE 06.04.01 to 11.04.01 CHECKED BY i8R
sot prorLe T PR Y e
I g _ mame  AME we] | B REMARKS
5 glsgl s | 2 9 o & o 28 | coam
28| w| BjcE] 2 . wp w we| 2% | oramsize
ELEY DESCRIPTION clol e | Z|Zg]| 8 [|SHEARSTRENGTHKPa L DISTRIBUTION
DEPTH i35 £ | 3|358] £ |0 unconFNeD  + FiELDVANE Y %
1 z|lge© § ® QUICKTRIAXIAL X LABVANE | WATER CONTENT (%)
304.6| Ground Surface ul 20 40 60 B0 100 20 40 60 km3 |GR sA SI CL
€0 125 roen Topsoll
1185 | & o 188
_____ 208
clayey 2| 88 8 o D 0 86 14
laminations
brown s 207
..... 3|ss| 1 o 188
qrey
4 | S8 & o 185
ST 06 0 4 pg 0
(latrinatad)
locse 1o compadt, s|ss| 10 o 186
vt 205
€|ss| s o 198
304
7|ss{ 8 b 187
increasing 8fss | 03
fing sand
content
9|85} o b
302
301
10,85 | 6 o
306.1
85 E 300
- 14 6 26 0
SILTY SAND I111] ss | 22 Apri 05
s0ma gravel, . l _____
. wet o9 )
grey, we compact l 299 April 02
dense l
12| ss | 208
207.4 §
1.2 A
o4 297,
T3] 8 [swmal o
GRAVELLY SAND T
with sift, cobblas and bouiders, ta 26
very densa, grey . "':
we ') HS¥
5 augenng
RS ETHEEN -0 =0 e . S . Y T O D I D A T
y_t 295 v washboring
.
CE': Rec. |-
BOULDERS Jousienf Ko | 0t
= 204
‘el
703.6 |
15.0 Continued Next Page

3. Numbers cefer to

Sensitivity

20
1SS 1) STRAIN AT FAILURE



Ministry of . 5
a Transportation Foundation Design
Ontario

RECORD OF BOREHOLE No BPR3 20F2 METRIC
we. 314-99-00 LOCATION _Municipal Service Road Underpass - Katrine, ON - Coords: N § 046 895.8. E315917.0 _ ORIGINATED BY G
DIST___ & HWY 11 BOREHOLE TYPE _ Hollow Stem Augering, Washboring 8 NG Rock Cering COMPILEG BY _ 6T
DATUM _Geodatic DATE 05.04.01 t0 11.04 04 CHECKED BY LSR
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES 5 Y |rESISTANCE PLOT _2—’* NATURAL ous - REMARKS
Ew = PLSTIC  esTURE [T
e Er IR 20 4 60 8 100 ™ commr T S8 &
28 L10E] 2 P ———— wp w wei S8 | oransize
Lle| W S1258] © |SHEAR STRENGTH kPa
ELEY DESCRIPTION |8l & | & = b G DISTRIBUTION
DEPTH [ FIB8E] = |o uNCONEINED  + FIELD VANE
E =) 1ol £ Y {%)
£l= ZJEC| @ |e quckTrtaxiaL x LABvang | WATER CONTENT (%)
2936 e 20 40 60 80 100 20 40 60 kiin 3 [GR SA S1 cL
15.0 b4 _NO
54
. 293
N4
.. _..
-8
LN April 09
. .d .
vl ss | 73 ‘ °
GRAVELLY SAND % Aprd 10
with silt, cobbles end boulders, ‘c-"
. et}
very dense, grey o . d
wet e 291
"
o] 167} 55 | so)
0 [+]
2 ]
i 290
S
4 e
S5 | 5M13 289 o
288
TS |50
[+]
287
BOULDER
286.2 G
22.4 285
NG | Rec.
BEDROCK re | 100% RQD=85%
{Gnaiss) 288
grey,
stightly weathered
NQ | Rec. 284 RQO=8T%
RC | 95%
283.3
25.3 End of borehate
Hote caved a! 3.2 m on completion
“Water lavel in hollow slam auger at
83m
Piazometer instaliod on April
112001 to 152 m
Water level in piezometer at 6.5 m
dapth on Apri 1172001,
Probably nol stabiiized
il
+3 x ¥, Numbers refer o 1585

Sensitivity e {%) STRAIN AT FAILURE



: ey o o Foandation Design
Ontario
L)
RECORD OF BOREHOLE No BPR4 10F2 METRIC
wW.P. 314-89-00 LOCATION Municipal Service Road Linderpass - Katrine, ON - Coords: K 6 049 045.7; £ 315 224DRIGINATED BY G
- DIST 52 HWY 11 BOREHOLE TYPE _ Sokd and Holtow Stam Augaring, Washboring & NQ Rock Coring COMPILED BY GT
DATUM _Geodetic DATE 11.04.01 ko 17.04.01 CHECKED BY LSR
- DYNAMIC CONE PENETRATION
- SOIL PROFILE SAMPLES | & - g RESISTANCE PLOT ——- s AT £ REMARKS
= WOSTURE =
k wn |33 B 2 4 60 80 100 ™ oy W7} 58 &
9‘ &f uDJ E = F4 v L L ! : wp w | =2 E GRAIN SIZE
ELEV & Im E - Z 0 [s] SHEAR STRENGTH kPa P S — DISTRIBUTION
DESCRIPTION 1= =|lsz| &
DEPTH S|3)1 % | 3|88]| £ |0 UNCONFINED  + FIELD VANE ¥ %)
- = z|[E£C| & |e cuckTRIAXIAL X LABVANE | WATER CONTENT (%)
307.1] Ground Surface C 0 40 80 B0 10 20 40 60 wm? {GrR sA s1 L
0.0 250 mm Topsoll 307
1|88 | 28
= moist
Brown 2188} 26 206 0 2 76 2
loose grey !_
— 3jss| 7
1o compact, wot
------- 305
compadct, B
41 85 13 [
304
5| ss | 19
SHT
— (laminated)
6] 85| 19
occasional 303
thin clay
fayers 7]ss| 2
- w2 09 o ¢
8| &s | 2v
April 41
— sop~d— g 3 44 L L
9| 851 18 April 16
H
[
- cobies ||T]f 10| S5 | 18 300
144
b
1] ss | 13
289
fine sand content 26 5]
- Increasing with depth 128§ 1
207 -
. sS13
Low N-value
Blss| 2| ° probably due to
296 ] hydrostatic upiift
d Hollow Stem
Augering
Py MV W S N S S -, B
\vashboring
_ @385 | 26 b o 3T (683
2939 294
132 I
- SILTY SAND ]
sorne gravel, E 5| ss | 22
compact, l 293
groy, wet l
- 2021 t
15.0 Continued Naxt Page 20 )
3 3 Numbers ref .
+T Smmfw or o ‘5‘!% 5 (%) STRAIN AT FAILURE



Ming y .
Tmaﬁon Foundation Design
Ontano

RECORD OF BOREHOLE No BPR4 2082 METRIC
W.P, 314-9900 LOCATION Municipal Senvice Road Underpass - Katrine, ON - Coords: M 5 049 045.7; € 315 G24DRIGINATED BY Gt
pIST 52 HWY 11 BOREHOLE TYPE _ Sofid and Hollow Stem Augering, Washboring & NQ Rock Coring COMPULEDBY _ GT
DATUM _Geodatic DATE 11.04.04 1o 18.04.04 CHECKEDBY __ LSR
DYNAMIC GONE PENE RATION
SOIL PROFILE SAMPLES | u -
7 RESISTANCEPLOT “— | REMARKS
e mgg% 20 4 € B0 100 |™  come M| zQ &
2|E|w| 5|2g| 3 [sreaRstrencTRRa |4 wo| DB | CRANSEZE
ELE DESCRIPTION |8 & S EEIN —o—— DISTRIBUTION
DERTH A 5|38 £ |o unconrmeD  + FIELD VANE ¥ %)
El= Z|€0] @ |o ouckTrixaL x Lasvang | WATER CONTENT ()
2921 T 20 40 60 80 100 20 4 80 wm? IGR SA S CL
150 SILTY SAND l 292 Apci 16
some gravel, l 16} ss | a7 ;\p;aw
grey, wet, 28 58 14 0
dense 1
2908 291
16.2 N
a5
P SIAm W
P
&
GRAVELLY SAND -
with ik, cobbles and bouldars, )
very dense, gray, ‘n 269 °
wet 6,118 | SS |5013
- -.t
-- ‘-
14 289
g
PN -] 145 ) o
R 267
.
286
2857 ]
214 ‘
Rec. RQD=83%
100%
285
BEDROCK Rec.
{Grwiss) 100% RQD=100%
grey 284
Rec.
- RQD=72%
100% 283
2626 Sig VRRaTava
4.5 Casing Taven
y on April 18
£nd of barehote
*Walet fevel not stabifzed on
complation
Borehale open o 7.9 m depth
*Groundwater probably at 1.5 m
depth from sample moisture
condition

LIRVER Numbers refer to by

Sensiivity . 1595 (%) STRAIN AT FAILURE

+



girmyof,

Foundation Dasign

Ontaio
RECORD OF BOREHOLE No BPR5 10F 1 METRIC
W.P. 314-95-00 LOCATION Muricipal Service Road Undeepass - Katrine, ON - Coords: N 5 049 066.8, £ 3159200 ORIGINATED BY Gl
DIST___ 52 HWY 1" ' BOREHOLE TYPE _ Sofid Stem Augering COMPILED BY _ GT
DATUM _Geodafic DATE 06.04.01 CHECKED BY LSR
OYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES [ | 4 IRESISTAMCEPLOT — s w | reEmaRks
Ewl & P g VMO L T
= wl % E 8 20 40 80 B0 100 Ly CONTENT wrl 50 &
ol= il [ f ' f ’ L wp " we| 2 € | GRramszE
Bl gl e ] 2|25 & [sHEARSTRENGTHKPa A DISTRIBUTION
ELEV DESCRIPTION elE S 2|58 & T
DEPTH z|s fa 5|8 &| = |0 UNCONFINED  + FEELD VANE ¥ )
== z|EC| @ |e ouckTriawAL x tABVANE | WATER CONTENT (%)
309.4| Ground Surface u 20 40 60 80 100 20 4 60 wum? |GR 84 st €L
0.0
200 mmTopsofl /] 1 ss 5
% 309
SILTY CLAY / o 4 45 50
2i85 | 15 —
sift layers /[/ 308
damp to grey
foist / 3]ss|
maist / 307
. 4|ss| &
silt content g’ﬁ /4/ N ¥
——- lﬂé‘easinﬁ mﬂ_ / = High vane lest
wet with depth /|// 206 results probably
/ caused by sit
/ layars
§]ss| 2 H ¢ 0T ®n
305.1 / -
43 305
7|88 3
ST 204}
0 0 B t4
grey, wet Bfss| s
o|ss| & 203
very loose to loose
compact 302
Increasing 0} 58 18 0 4 92 4
fine sand
content 101
|
COBBLES ] ; ”
1
2908 58 30
LY End of borehole
*Waler level not stabilized,
encountered &t 3.0 m during drillig
Borehole caved al 4.9 mon
completion
oatinues P
“ Next Page 4% 3, Humbers rafor to ,525

Sensitivity 1t

(%) STRAIN AT FAILURE
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Municipal Service Road over Highway 11

Appendix B

Foundation Comparison

THURBER
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Municipal Service Road over Highway 11

Appendix C

Special Provisions
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Municipal Service Road over Highway 11

The following Special Provisions are referenced in this report:

o  Amendment to OPSS 206, December 1993

®

®

Special Provision No. 902501
Special Provision No. 903501

Standard Special Provision No. 105510

Suggested text for a NSSP on Pile Installation should contain the following:

“ The soil at this site contains cobbles and boulders. The presence of cobbles and
boulders will potentially have an impact on the installation of piles. Some possible impacts
that must be taken into consideration include, but are not necessarily limited to:

The need to provide protection to the pile tips in the form of rock points

The cobbles and boulders may impede the driving of the piles resulting in more
arduous driving

Some piles may meet refusal on boulders that are large enough not to be dislodged or
broken by the pile driving

As a result of the presence of boulders, piles may meet refusal at varying depths

Pile driving must be controlled according to the criteria specified for the site.”
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Municipal Service Road over Highway 11

Appendix D

Drawings
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