January 2011

50

2 YEARS
in2010

REPORT ON

FOUNDATION INVESTIGATION AND DESIGN REPORT
CNR BRIDGE REHABILITATION AND WIDENING
HIGHWAY 401, KINGSTON, ONTARIO

G.W.P. 78-99-00

Submitted to:

McCormick Rankin Corporation
1145 Hunt Club Road, Suite 300
Ottawa, Ontario

K1V 0Y3

B A

Geocres Number: 31C-202

Report Number: 08-1111-0044-2
Distribution::
2 Copies - McCormick Rankin Corporation

%(9 5 Copies - Ministry of Transportation, Ontario,
Kingston, Ontario =

world of 1Copy - Ministry of Transportation, Ontario, ;ég

Capabilities Downsview, Ontario
|oca"y 2 Copies - Golder Associates Ltd., Ottawa, Ontario

Golder
7 Associates




FOUNDATION INVESTIGATION - G.W.P. 78-99-00

Table of Contents

PART A - FOUNDATION INVESTIGATION REPORT

L1.0 INTRODUGCTION.. .. eetttttttututtuututueteueeeneueaeseaesesesesesesesesesesesesesesesess s s ssss 8555855555585 5 5858588855585 8 88 £ €€ £ £ £ £ £ £ £ e e £ e e e e e e e e e e e e e e eeeeeeenenenennnen 1

2.0 SITE DESCRIPTION . ...cttttteeiiiitttttt ettt ettt ettt e e e 4okttt e e a4 1k e ettt e e 4o e s b et ettt e e e 4 e s bbb e e et e e s ae ke et e e e e e e e bbb e et e e e e e s annrnneeeas 2

3.0 INVESTIGATION PROCEDURES ... .o e e e e e e bbb 3

4.0 SITE GEOLOGY AND STRATIGRAPHY ...ttt ettt ettt e e e et e e e e e e e e bbb e e e e s st eeeeeenananenee 6
41 Regional GeologiCal CONAIIONS.........ccutiiiiiiie ettt e ettt e e st e e et e e snreeeensreeenaaee 6
4.2 ST RS 1= 1 Te ] x=T o]0}V PP ORI 6
4.21 Pavement Structure / Embankment and Grade Fill.............ccoouiiiiiiiiii e 7
422 SHIEY ClAY 10 ClAY ...ttt e e e e bt e et e e et e e et e rn e e nee s 8
423 114V S = 1a T I PR 9
424 Limestone ROCK SIADS ........oiiiiiiiiiti ettt 9
425 RefUSAl @NA BEATOCK.........eiiiiiiie ettt et e et e e et e e et e e eab e e e s s e e e e anrreeenanee 10
4.3 GrouNAWALEr CONAITIONS .....eiiiiiiie ittt ea et e et e s bt e e e ea b et e e eab b et eabe e e e e b b e e e e nte e e e naneeas 11

L0 I O 0 151 | ] TN 12

PART B - FOUNDATION DESIGN REPORT

6.0 ENGINEERING RECOMMENDATIONS ... .ottt bt ben bt nenenes 13
6.1 (1T oY OO TP PR OPRUPRO 13
6.2 Bridge FOUNAtioN OPLIONS ......cooiiiiii ittt e e et e e st e e e st e e et et e e snee e e s aaneeeeas 13
6.3 Shallow FOUNAALIONS .......oiuiiiiiiei ettt st e ettt st sen e s e e saneenenee 14
6.3.1 WESE ADUIMENT ... e e et e e e e st e e e e e e e ern e e e s an e e e e e e eas 14
6.3.2 LA A T PP OUPPPP 15
6.3.3 EXCAVALION ... ettt bbbttt et et 15
6.3.4 Limits States Factored Geotechnical Resistance and Reaction...........c.ccoocviiiiiiiiiiiicciicc e 15
6.3.5 ReSIStaNCe t0 Lateral LOAAS. .........uiiiiiiiieiit ettt e et 16
6.3.6 FPOST PrOTECHON ...ttt ettt e bt b e e e bttt e e b e e et e ere et eene s 16
6.4 Pile FOUNAALIONS ......oeiiii et s e e et e e et e s e e e e e e re e e e snr e e e s anneeeeas 17
6.4.1 Pile Options and Axial Geotechnical RESISTANCE ...........cocuiiiiiiiiiiii e 18
6.4.1.1 Steel H-Piles Driven or Installed in Pre-Drilled HOIES ...........ccociiiiiiiiiiice e 18
6.4.1.2 D] 1= I 0T 1 SR 19

o
January 2011 ?Golder
Report No. 08-1111-0044-2 i Associates



FOUNDATION INVESTIGATION - G.W.P. 78-99-00

6.4.1.3 Y Tt o] o1 L= ST POOPPPTTPPN 20
6.4.2 Downdrag Load (Negative SKin FriCtON).........cc.uuiiiieiiieicieieee ettt e e e e s e st ae e e e e e e e e enens 22
6.4.2.1 DowNdrag MiItIGation .........coouieiiiiie et 23
6.4.3 ReSIStaNCe t0 Lateral LOAAS. .........uiiiiiiieiit ettt e et 24
6.4.4 FrOST PrOTECHON ...ttt ettt et b et ettt e e b e e et e e ebe e et e enee s 26
6.5 CaiSSON FOUNUALIONS ...ttt e et s b et e e et e e e b e s e e e e b e e e s nr e e e e nanneas 26
6.5.1 Axial GeotechniCal RESISTANCE. ........ocuiiiiiiii ettt 27
6.5.2 Downdrag Load (Negative SKin FriCtON).........ccuuiiiieiiieiciieee ettt e e e e s e s sntre e e e e e e e e enens 28
6.5.3 Resistance to Lateral LOAAS. .........uiii ittt e e 28
6.5.4 (o A (0] (Tex 1o F PSP PRP PRSI 28
6.6 Feasibility of Integral and Semi-Integral ADUIMENTS..........coooiiiiiiiiiiiiee e 28
6.7 Site COBTICIENT ...ttt e et e et e b et e e s bt e st et e e r e e e e e b e e e e nre e e e nanneas 29
6.8 Lateral Earth Pressures fOr DESIGN.........oooi ittt b et sne e e s nneeeeas 29
6.8.1 Static Lateral Earth Pressures for DESIGN .........eiiii oottt e e e et e e e s savneeee s 29
6.8.2 Seismic Lateral Earth Pressures for DEeSIGN.........ccuii it 31
6.9 Approach Design and CONSIIUCHION .......co.uiiiiiiii et e et e e 34
6.9.1 Permanent Cut Slopes at West APPrOaCK...........uviiiiii it e e e e e st e e e e e e e enees 34
6.9.2 Blasting CONSIAEIAtIONS ......ccuuiiiiiiiie et e et e e ettt s e e e s ae et e et et e e nneeeesnneeeeas 35
6.9.3 Subgrade Preparation and Embankment Construction at East Approach............cccocceviiiieeiiiiinc e, 35
6.9.4 Approach Embankment and Bridge Retaining Wall Stability..............cooooiiiiiiiiiii e 36
6.9.5 Approach Embankment Setement ..o s 37
6.10 Design and Construction ConSIAErations. ............uiiiiiiiii it 40
6.10.1 EXCAVALIONS ...ttt b et b e bbbttt ne e et e e 40
6.10.2 Temporary EXCavation SNOMING .......cuuiiiiiiiie ittt e et e e e e e eas 40
6.10.2.1 Lateral Earth Pressures for Shoring DESIgN ........cooiiiiiiiiiiiieiie e 42
6.10.2.2 Vibration Monitoring During Installation of Temporary Shoring Protection............ccccccevieiiiiiiiicie e, 44
6.10.3 Groundwater and Surface Water CONIOl..........coocuuiiiiiiee e 45
L0 T O 1510 | TR TRTRTRTRTRTTNN 46
=
January 2011 ?Golder

Report No. 08-1111-0044-2 ii Associates



FOUNDATION INVESTIGATION - G.W.P. 78-99-00

LIST OF TABLES

Table 1 -
Table2 -
Table3 -
Table4 -
Table5 -

Evaluation of Bridge Foundations/Construction Alternatives, West Abutment and Pier

Evaluation of New Bridge Foundations/Construction Alternatives, East Pier and Abutment

Evaluation of New Bridge Foundations/Construction Alternatives East Pier
Evaluation of New Bridge Foundations/Construction Alternatives East Abutment
Evaluation of Settlement Mitigation Alternatives East Abutment

LIST OF DRAWINGS

Drawings 1 to 4

- CNR Overhead Borehole Locations and Soil Strata

LIST OF FIGURES

Figure 1 -
Figure 2 -
Figure 3 -
Figure 4 -
Figure 5 -
Figure 6 -
Figure 7 -
Figure 8 -
Figures9 -
Figure 10 -
Figure 11 -

Grain Size Distribution Test Results — Rock Fill

Grain Size Distribution Test Results — Sand & Gravel Fill

Grain Size Distribution Test Results — Silt Fill

Grain Size Distribution Test Results — Silty Clay

Plasticity Chart — Silty Clay

Consolidation Test Results — Silty Clay (Borehole B4)

Consolidation Test Results — Silty Clay (Borehole B8)

Grain Size Distribution Test Results — Silty Sand Till

Point Load Index and Unconfined Compressive Strength Test Results — Limestone
Point Load Index and Unconfined Compressive Strength Test Results — Sandstone
Point Load Index and Unconfined Compressive Strength Test Results — Precambrian

LIST OF APPENDICES

APPENDIX A

List of Abbreviations and Symbols
Rock Description Terminology
Record of Borehole Sheets

APPENDIX B

Non-Standard Provisions

January 2011

Report No. 08-1111-0044-2 iii

s

y Golder
Associates



FOUNDATION INVESTIGATION - G.W.P. 78-99-00

PART A

FOUNDATION INVESTIGATION REPORT
CNR BRIDGE REHABILITATION/WIDENING
KINGSTON, ONTARIO
G.W.P. 78-99-00
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1.0 INTRODUCTION

Golder Associates Ltd. (Golder) has been retained by McCormick Rankin Corporation on behalf of the Ministry of
Transportation, Ontario (MTO) to carry out a foundation investigation associated with the Highway 401
expansion in Kingston, Ontario. The section of Highway 401 included in this assignment (G.W.P. 78-99-00)
extends from Montreal Street to about 1.8 kilometres east of the Canadian National Railway (CNR) structure.

Foundation investigation services are required for the following components:
B CNR bridge rehabilitation/widening;

B Highway 401 embankment widening — Cataraqui wetlands;

B Montreal Street Underpass replacement;

B Qverhead signs (total of 2); and,

B Noise Barrier Wall.

This report addresses the CNR bridge rehabilitation/widening component (W.P. 4015-06-01), Geocres Number
31C-202.

The terms of reference for the original scope of work are outlined in the MTO’s Request for Proposal (RFP)
dated April 2008. The work was carried out in accordance with Golder's Quality Control Plan dated November
2008.

-
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FOUNDATION INVESTIGATION - G.W.P. 78-99-00

2.0 SITE DESCRIPTION

The existing Highway 401 structure included in this assignment (G.W.P. 78-99-00) carries Highway 401 over the
CNR line (Mile 171.10 of the Kingston Subdivision) and is located about 310 m east of the Montreal Street
interchange in Kingston, Ontario.

Through this area, Highway 401 is a four lane divided highway with a rural cross-section. The highway profile
grade over the CNR bridge structure varies from west to east from about elevation 87.8 to 86.3 m (i.e., grade
declining eastward). The existing bridge, which was constructed in 1954, consists of a three span cast-in-place
concrete girder structure on concrete abutments and pier. Information provided by MTO at the proposal stage
indicated that the west abutment and west pier are founded on spread footings on bedrock, and that the east
abutment and pier are founded on piles driven to bedrock. This information is consistent with information shown
on Department of Highways Bridge Office drawings (dated April 1953, originally numbered D3349-1 though
D3349-11) which were obtained by MRC and provided to Golder.

The CNR Kingston Subdivision crosses beneath the Highway 401 structure with top of rail at an elevation of
about 78 m. The railway has two tracks at this crossing, with space for a third track on the west side.

No GEOCRES information is available for this structure.

To the west, adjacent to the bridge structure, rock outcrops exist that are up to about 9 m high relative to the
existing bridge deck. To the east, the existing approach embankments are up to about 10 m high relative to the
surrounding natural ground surface and have approximately 1.5 horizontal to 1 vertical (1.5H:1V) side slopes.
No signs of embankment instability were observed.

The highway profile at the approaches does not seem to indicate significant differential settlement of the
roadway relative to the bridge, although the maintenance history at this location is not currently known.
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FOUNDATION INVESTIGATION - G.W.P. 78-99-00

3.0 INVESTIGATION PROCEDURES

A subsurface investigation was carried out at the proposed CNR bridge structure and approach embankment
locations between June 8 and September 16, 2009, at which time ten (10) boreholes (numbered B1 to B10,
inclusive) were advanced at the locations shown on Drawings 1 and 2. The borehole locations were selected as
follows:

Approach Embankments:

B One borehole (numbered B5) located at the west approach, about 20 m west of the existing westbound
lane abutment, extending through the overburden and then cored 3.3 m into bedrock; and,

B  One borehole (numbered B10) located at the east approach embankment; about 20 m east of the existing
westbound lane abutment, extending through the existing rock fill embankment plus a depth equivalent to
the existing embankment height (i.e., 10 m) below the base of the rock fill.

Abutments:

B  Two boreholes (numbered B1 and B6) located at the west abutment, one on each side of the existing
abutment, extending through the road base and rock fills and then cored 3 m into bedrock; and,

B Two boreholes (numbered B4 and B9) located at the east abutment, one on each side of the existing
abutment, extending through the embankment rock fills, native silty clay and till, and then cored 2.6 and
3.1 minto bedrock, respectively.

Piers:

B  Two boreholes (numbered B2 and B7) located west of the west pier, one on each side of the existing pier,
extending through the overburden and then cored 3.6 and 3.1 m into bedrock, respectively; and,

B Two boreholes (numbered B3 and B8) located at the east pier location, one on each side of the existing
pier, extending through the overburden and then cored 3.7 and 2.8 m into bedrock, respectively.

The boreholes were located within 5 m of the proposed bridge foundation locations, with the exception of B7
which was put down 5.7 m west of the west pier centreline.

The three boreholes advanced for the east abutment and the east approach embankment (i.e., boreholes B4,
B9, and B10) were advanced using 108 mm inside diameter (I1.D.) continuous flight hollow stem augers on a
truck-mounted drill rig (boreholes located on highway), supplied and operated by Marathon Drilling Ltd. of
Ottawa, Ontario. The boreholes were advanced to depths ranging from 21.8 to 25.9 m below the existing
roadway surface.

The remaining boreholes were advanced using portable/manual drilling equipment supplied and operated by OGS
Drilling Services of Appleton, Ontario. The boreholes were advanced to depths ranging from 5.7 to 17.9 m below
the existing ground surface.
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FOUNDATION INVESTIGATION - G.W.P. 78-99-00

Soil samples were obtained nearly continuously during the portable drilling, and at intervals of 0.75 m to 1.5 m of
depth using the truck-mounted drill rig, using a 50 mm outer diameter (O.D.) split-spoon sampler. Where
possible, the split spoon was advanced in accordance with Standard Penetration Test (SPT) ASTM D1586
procedures. At boreholes B1, B5, and B6, where access constraints did not permit use of a tripod above the
hole, a one-third weight hammer was used and blow counts were adjusted accordingly to correlate with SPT
values. In-situ vane testing (N vane) was carried out within the cohesive deposits where possible. Relatively
undisturbed, 75 mm diameter thin-walled Shelby tube (ASTM D1587) samples of the cohesive soils were
retrieved using a fixed piston sampler where possible.

The boreholes were backfilled with bentonite pellets, mixed with native soils, and the site conditions restored
following completion of the work.

The field work was supervised throughout by members of our technical staff, who located the boreholes,
supervised the drilling, sampling and in-situ testing operations, logged the boreholes, and examined and cared
for the soil samples. The soil samples were identified in the field, placed in appropriate containers, labelled, and
transported to our Ottawa geotechnical laboratory where the samples underwent further detailed visual
examination and laboratory testing, including grain size distribution, water content, and Atterberg limit testing.
Laboratory tests were carried out to MTO and/or ASTM Standards as appropriate.

In addition, laboratory point load index and unconfined compressive strength testing was carried out on selected
samples of the bedrock core, and laboratory oedometer consolidation testing (ASTM D2435) was carried out on two
specimens of the Shelby tube samples of the silty clay deposit from boreholes B4 and B8 at Golder’'s Mississauga
geotechnical laboratory.

The borehole locations and ground surface elevations were determined by Golder personnel at the site using a
Trimble R8 GPS unit. The borehole locations, including MTM NADS83 northing and easting coordinates and
ground surface elevations referenced to geodetic datum, are summarized in the following table and are shown
on Drawing 1.

Borehole . MTM NADS3 | MTM NADS3 Ground

NO Borehole Location Northing (m) Easting (m) Surface
' 9 9 Elevation (m)
B1 Proposed eastbound lane, west abutment 4904268.6 307188.1 87.6
B2 Proposed eastbound lane, west pier 4904273.3 307205.4 80.4
B3 Proposed eastbound lane, east pier 4904280.6 307230.6 77.3
B4 Existing eastbound lane, east abutment 4904295.2 307258.3 86.4
B5 Proposed westbound lane, west approach 4904302.4 307197.7 878
embankment

B6 Proposed westbound lane, west abutment 4904304.2 307204.2 87.5
B7 Proposed westbound lane, west pier 4904318.2 307227.7 79.7
B8 Proposed westbound lane, east pier 4904323.6 307254.3 78.5
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Borehole . MTM NAD83 | MTM NADS3 Ground
No Borehole Location Northing (m) Easting (m) Surface
' 9 9 Elevation (m)
B9 Existing westbound lane, east abutment 4904324 .4 307274.6 86.0
B10 Existing westbound lane, east approach 4904329 3 307288.8 85.6

embankment
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4.0 SITE GEOLOGY AND STRATIGRAPHY
4.1 Regional Geological Conditions

The site is located in the southern portion of the physiographic region known as the Napanee Plain, and just
west of the Leeds Knobs and Flats, as delineated in The Physiography of Southern Ontario’.

The Napanee Plain is flat to undulating, and is characterized by relatively shallow soil deposits overlying
bedrock.  Geologic mapping2 indicates that the bedrock within the Napanee Plain consists of grey
limestone/dolostone of the Gull River Formation (of the Trenton-Black River Group), which contains some shale
partings and seams. The limestone/dolostone is underlain by arkosic sandstone of the Shadow Lake Formation.

The overburden soils within the Napanee Plain generally consist of glacial till, although alluvium is present in
river and stream valleys and, in the southern portion of the Plain, low-lying areas are typically covered with
deposits of stratified clay. Well records indicate that the average depth to bedrock within the Napanee Plain is
approximately 2 m. However, in many areas bedrock outcrops exist at ground surface, while deeper soil
deposits (on the order of 10 m) are present in the northern and southern portion of the Plain, and within and
adjacent to river valleys throughout the Plain.

The Leeds Knobs and Flats are characterized by knobs of Precambrian rock (i.e., Limestone Plain) surrounded
by clay flats (i.e., Clay Plain). The clay is grey in colour, and very weakly calcareous.

In particular, the study area lies within the western limits of the Cataraqui River. The Cataraqui River is
characterized by a number of lakes joined by the river. This river flows southerly towards Kingston.

4.2  Site Stratigraphy

The detailed subsurface soil, bedrock, and groundwater conditions as encountered in the boreholes advanced
during this investigation, together with the results of the laboratory tests carried out on selected soil and bedrock
core samples, are given on the attached Record of Borehole sheets and on Figures 1 to 11.

The stratigraphic boundaries shown on the Record of Borehole sheets are inferred from non-continuous
sampling and in-situ testing and, therefore, represent transitions between soil types rather than exact planes of
geological change. The subsoil conditions will vary between and beyond the borehole locations.

The borehole locations and ground surface elevations are shown on Drawing 1.

In summary, the subsurface conditions encountered consist of up to about 13.7 m of fill material at the boreholes
located at the proposed east approach embankment and east abutment locations, and up to about 7.3 m of fill
material at the other borehole locations. The fill is generally underlain by up to about 10.7 m of silty clay, with
the exception of boreholes B1, B5, and B6, which are located on the western portion of the site. Up to 7.1 m of
limestone rock slabs were encountered beneath the silty clay in the boreholes advanced at the proposed west
pier locations. The fill and/or silty clay is generally underlain by a thin silty sand matrix till deposit. Bedrock was
encountered at depths of 2.4 to 3.7 m below existing ground surface at boreholes located at the proposed west

! Chapman, L.J. and D.F. Putnam. The Physiography of Southern Ontario. Ontario Geological Survey Special Volume 2, Third Edition, 1984. Accompanied by Map P.2715, Scale
1:600,000.

2 Map 2544, Ministry of Northern Development and Mines, 1991.
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approach embankment and west abutment locations (i.e., elevations of 83.8 to 85.4 m), and at depths of 11.8 to
23.3 m below existing ground surface at the other borehole locations (i.e., elevations of 63.1 to 66.3 m).

A more detailed description of the subsurface conditions encountered in the boreholes carried out at the site of
the proposed bridge structure is provided in the following sections, and stratigraphic profiles and sections of this
site are shown on Drawings 1 to 4.

421 Pavement Structure / Embankment and Grade Fill

The pavement structure was penetrated by borehole B4 on the south shoulder of the eastbound lanes of
Highway 401 and at boreholes B9 and B10 located on the north shoulder of the westbound lanes. The
pavement structure ranges from approximately 0.9 to 1.5 m in thickness and is generally comprised of 0.3 to
0.4 m of asphaltic concrete (i.e., asphalt), overlying crushed stone and sand and gravel base materials.

Beneath the pavement structure at boreholes B4, B9 and B10, and at ground surface at the other borehole
locations, embankment and/or grade fill was encountered. The fill was fully penetrated at each borehole location
and varies in thickness and in composition throughout the site. At the east approach embankment and east
abutment locations (i.e., boreholes B4, B9, and B10), the embankment fill beneath the pavement structure
ranges in thickness from 9.2 to 12.2 m. At the other borehole locations, the embankment and/or grade fill ranges
in thickness from 2.4 to 5.3 m. The variable fill thickness reflects, in part, the differing native ground surface
elevations at the borehole locations which vary from about elevation 96.0 m at the west approach (where the
road is in cut) to about elevation 75.0 m beneath the east approach embankment fills. Portions of the fill may
have been placed in association with the initial construction of the CNR tracks while the remainder was likely
associated with construction of the existing Highway 401.

The embankment and grade fill material generally consists of variable amounts of rock fill, sand and gravel, silty
sand, and sand fill. Layers of silty clay and silt fill were encountered at boreholes B2, B3, B4, and B7. Cobbles
and boulders were also inferred to be present within the fill. Diamond drilling techniques were required to
penetrate the rock fill, cobbles, boulders, and/or limestone slabs in five of the boreholes advanced using
portable/manual drilling equipment.

The results of grain size distribution testing carried out on samples of the embankment and grade fill are
provided on Figures 1 to 3. The results have been sorted/reported according to the fill material type in
accordance with the descriptions on the Record of Borehole sheets, rather than according to the specific
gradation of each sample, recognizing that there are natural variations in the material from the generalized
descriptions on the borehole records. The results also do not reflect the cobble, boulder, or coarse gravel
contents of the material, since the samples were retrieved using a 50 mm diameter sampler.

Standard Penetration Test ‘N’ values for the embankment fill ranging from 3 to greater than 50 blows per 0.3 m
of penetration indicate that the material ranges in consistency from very loose to very dense, although the soil is
generally loose to compact, with the higher ‘N’ values likely reflecting the presence of cobbles and boulders,
rather than the state of packing of the soil matrix.

The measured water content of samples of predominantly granular fill ranges from approximately 3 to 13
percent. The measured water content of three samples of the more silty/clayey fill from boreholes B4 and B7
ranged from about 27 to 31 percent.

<3
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4.2.2 Silty Clay to Clay

On the east part of the site, the embankment fill at boreholes B2 to B4, and B7 to B10, is underlain by a deposit
of sensitive silty clay to clay.

The silty clay was fully penetrated at each borehole location and varies in thickness from about 1.0 to 10.7 m,
though the deposit is thicker to the east of the CNR tracks (i.e., 7.9 to 10.7 m thick). On the west side of the
CNR tracks, where the clay was encountered only at boreholes B2 and B7, the silty clay is 2.2 and 1.0 m thick,
respectively.

The results of grain size distribution testing carried out on samples of the silty clay are provided on Figure 4.

The upper portion of the silty clay at boreholes put down east of the CNR tracks and the full thickness of silty
clay at boreholes put down west of the CNR tracks has been weathered to a grey brown colour. Where
encountered, the thickness of the weathered crust ranges from 1.0 to 6.3 m. Standard Penetration Tests carried
out within the weathered silty clay gave ‘N’ values ranging from 4 to 72 blows per 0.3 m of penetration, however
most readings ranged from 8 to 30 blows per 0.3 m of penetration, indicating a generally stiff to very stiff
consistency.

Unweathered (i.e., grey in colour) silty clay was encountered at the boreholes east of the tracks (i.e., boreholes
B3, B4, and B8 to B10, inclusive) below the upper weathered silty clay. This unweathered silty clay ranges from
about 1.2 to 6.3 m in thickness (i.e., extends to elevations of between 64.2 to 66.9 m) and contains occasional
silty sand and sand seams. The measured SPT “N” values within this deposit ranged between ‘weight of
hammer’ and about 5 blows per 0.3 m of penetration. In situ vane testing in this material measured undrained
shear strengths ranging from about 20 to greater than 80 kilopascals. These results indicate a generally soft to
stiff consistency.

The results of Atterberg limit testing carried out on fourteen samples of the silty clay are shown on Figure 5 and
indicate plasticity index values generally ranging from 16 to 36 percent and liquid limit values ranging from 35 to
63 percent, reflecting intermediate to high plasticity (i.e., silty clay to clay). The measured water content of the
unweathered grey silty clay ranges from approximately 31 to 58 percent, which is generally close to the
measured liquid limit. The measured water content of the weathered silty clay ranges from approximately 18 to
42 percent, and is generally below the measured liquid limit. In one case, the measured water content of the
weathered silty clay was at the measured liquid limit.

Oedometer consolidation testing was carried out on specimens from two thin-walled Shelby tube samples of the
silty clay. The results of that testing are provided on Figures 6 and 7 and are summarized in the table below.
The results indicate that the silty clay at the east pier location (borehole B8, put down at the toe of the
embankment) is close to normally consolidated, having an overconsolidation ratio of about 1.1, which would be
expected given its loading history and location relative to the existing embankment. Results of consolidation
testing of the silty clay at the east abutment (borehole B4, put down at the top of the east approach
embankment) indicate that the sample is linear elastic in its response to increased loading, with a constant void
ratio (e) to load (p) rate of -0.00107/kPa for loads up to 600 kPa.

<3
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Borehole/ Sample Unit cp’ ovo | op - 6y’ C,
Sample No. E[I)(S\?.t?n{) X&lﬁ/ﬁqgt) (kPa) | (kPa) | (kPa) Ce C € | OCR (cm?/s)
B4/16" | 19.3/67.1 19.3 n/a 260 n/a 0.29 | 0.033 | 0.85| n/a 0.014

B8/ 12 10.6 / 67.9 18.4 130 117 13 047 | 0.053 | 1.07| 1.1 | 0.0038

) Sample may have been disturbed.

Notes:

op’ - Apparent preconsolidation pressure

ovo' - Computed existing vertical effective stress
Ce - Compression index

C: - Recompression index

€o - Initial void ratio

OCR - Overconsolidation ratio

Cy - Coefficient of consolidation

4.2.3 Silty Sand Till

At boreholes located east of the CNR tracks (i.e., boreholes B3, B4, and B8 to B10, inclusive), the fill and/or silty
clay are underlain by till. The till generally consists of a heterogeneous mixture of gravel, cobbles, and boulders
in a matrix of silty sand with traces of clay.

The surface of the till varies from about elevation 64.2 to 66.9 m. The till was fully penetrated at boreholes B3,
B4, B8, and B9 and varied in thickness from 0.1 to 1.4 m, extending down to elevations varying from 63.1 to
65.5 m. The till at borehole B10 was not fully penetrated, but proven for a thickness of 0.8 m (i.e., extending
down to elevation 63.9 m).

Results of grain size distribution testing carried out on three samples of the till (Figure 8) confirm that the till
matrix generally consists of a silty sand with variable amounts of gravel and typically trace amounts of clay.
These samples were retrieved using a 50 mm diameter sampler and therefore the results do not reflect the
coarse gravel, cobble and boulder content of the deposit.

Standard Penetration Test ‘N’ values for this material ranging from 22 to greater than 65 blows per 0.3 m of
penetration indicate a compact to very dense state of packing, although the higher ‘N’ values could reflect the
presence of coarse gravel, cobbles and boulders, rather than the state of packing of the soil matrix.

The measured water content of the till ranges from approximately 11 to 12 percent.

4.2.4 Limestone Rock Slabs

Limestone rock slabs were encountered beneath weathered silty clay at the two boreholes (B2 and B7)
advanced for the pier west of the CNR tracks. Diamond drilling techniques were required to penetrate the rock
slabs. Numerous voids or loose soil infilled seams were encountered during the diamond drilling, as shown on
the Record of Borehole sheets. Furthermore, a layer of cobbles, boulders and silty clay was encountered
beneath the rock slabs at borehole B7.
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The limestone rock slabs were fully penetrated at boreholes B2 and B7 and varied in thickness from 7.0 to
7.1 metres, extending down to elevation 66.2 m and 66.3 m, respectively.

425 Refusal and Bedrock

Bedrock was encountered beneath the embankment fill, silty clay, glacial till and/or limestone slabs, and cored
for about 3 m depth, at boreholes B1 through B9. At borehole B10, which was advanced at the location of the
east approach embankment, refusal to augering was encountered at about elevation 63.9 m. Refusal may
indicate the bedrock surface; however, it could also represent cobbles and/or boulders within the glacial till.

The following table summarizes the bedrock surface depths and elevations as encountered at the nine borehole
locations where bedrock was cored.

Location Borehole Existing Grqund Depth to Bedrock Surface
Number Surface Elevation (m) Bedrock (m) Elevation (m)
West Approach — North B5 87.8 2.4 85.4
West Abutment — South B1 87.6 3.3 84.3
West Abutment — North B6 87.5 3.7 83.8
West Pier — South B2 80.4 14.3 66.2
West Pier — North B7 79.7 13.4 66.3
East Pier — South B3 77.3 11.8 65.5
East Pier — North B8 78.5 13.6 64.9
East Abutment — South B4 86.4 23.3 63.1
East Abutment — North B9 86.0 215 64.5

At the location of the west abutment — north (westbound widening), available data suggests that the bedrock
surface continues to drop towards the east from borehole B6.

The bedrock encountered in boreholes B1 to B7 consists of grey, greenish grey and reddish grey interbedded
limestone and dolomitic limestone. The bedrock is fresh to weathered, medium strong and laminated to medium
bedded. The Rock Quality Designation (RQD) values measured on recovered limestone and dolomitic limestone
bedrock core samples were quite variable and ranged from 0 to 86 percent, indicating a very poor to excellent
quality rock. However the RQD values were generally found to increase with depth. The discontinuities
observed in the rock core are typically horizontal, associated with the bedding planes.

Laboratory point load index testing was carried out on nine selected specimens of limestone and dolomitic
limestone core. Unconfined compressive strengths (UCS) interpreted from the point load index testing ranged
widely from 14 to 199 MPa. Laboratory unconfined compressive strength testing carried out on an additional
three samples of limestone indicate UCS values ranging from about 40 to 64 MPa. The results are summarized
on Figure 9.
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Beneath the limestone and/or dolomitic limestone at boreholes B3 and B4, and the bedrock encountered in
boreholes B8 and B9 is grey, red, reddish grey, and greenish grey arkosic sandstone of the Shadow Lakes
Formation. The sandstone was encountered at the boreholes east of the tracks, at elevations ranging from 62.8
to 64.9 m. The bedrock is fresh to slightly weathered, medium strong and fine to coarse grained. The Rock
Quality Designation (RQD) values measured on recovered sandstone bedrock core samples were quite variable
and ranged from about 47 to 100 percent, indicating a fair to excellent quality rock.

Laboratory point load index testing carried out on six selected specimens and laboratory unconfined
compressive strength testing carried out on one selected specimen of the sandstone indicate that the unconfined
compressive strengths range widely from 49 to 248 MPa. Results are summarized on Figure 10.

Precambrian bedrock was encountered beneath the sandstone at borehole B8. The red, grey and black rock is
fresh and medium strong. The Rock Quality Designation (RQD) value measured on one recovered sample of
Precambrian bedrock core sample was 38 percent, indicating a poor quality rock. Laboratory point load index
testing carried out on one selected specimen from the Precambrian bedrock core indicates an interpreted
compressive strength of about 197 MPa (see Figure 11).

4.3 Groundwater Conditions

The groundwater levels in the piezometers in boreholes B2, and B3 were measured on September 29, 2009.
The observed groundwater levels are summarized in the table below:

Borehole | Existing Ground Surface Water Level Water Level
Number Elevation (m) Depth (m) Elevation (m)
B2 80.4 4.3 76.1
B3 77.3 0.9 76.4

It should be noted that groundwater levels in the area are subject to fluctuations both seasonally and with
precipitation events.
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5.0 CLOSURE

This report was prepared by Ms. Erin O'Neill, P.Eng., under the direction of the Project Manager, Mr. Michael
Snow, P.Eng., Mr. Fintan Heffernan, P.Eng., Golder's Designated MTO Contact for this project, conducted a
technical and independent quality control review of the report.
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PART B

FOUNDATION DESIGN REPORT
CNR BRIDGE REHABILITATION/WIDENING
KINGSTON, ONTARIO
G.W.P. 78-99-00
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6.0 ENGINEERING RECOMMENDATIONS
6.1 General

This section of the report provides foundation design recommendations for the proposed rehabilitation/widening
of the bridge structure that carries Highway 401 over the CNR tracks between the Cataraqui wetlands to the east
and the Montreal Street underpass to the west in Kingston, Ontario. The recommendations are based on
interpretation of the factual data obtained from the boreholes advanced during the subsurface investigation at
this site.

The interpretation and recommendations herein are intended to provide the designers with sufficient information
to assess the feasible foundation alternatives and to design the proposed structure foundations. As such, where
comments are made on construction they are provided only in order to highlight those aspects which could affect
the design of the project, and for which special provisions or operational constraints may be required in the
Contract Documents. Those requiring information on aspects of construction should make their own
interpretation of the factual information provided as it may affect equipment selection, proposed construction
methods, scheduling and the like.

The current plans for this project are to rehabilitate and widen the existing three-span cast-in-place concrete
girder bridge structure from four to six lanes of traffic by adding an additional lane to the eastbound and to the
westbound side of the bridge and widening the adjacent rock cut and embankment to the west and east,
respectively. Provision for a third track on the west side of the existing CNR tracks is being considered by MTO
in the design of the proposed rehabilitation/widening.

Information provided by MTO at the proposal stage and corroborated by Department of Highways drawings
dated April 1953 indicates that the bridge is supported on spread footings to the west of the CNR tracks and
piles driven to bedrock to the east, however no Geocres information or as-built drawings were available to
confirm this. There is good agreement between the subsurface conditions encountered during the current and
previous investigations, with the exception of the depth to the top of bedrock at the west pier. On the 1953
design drawings, the top of rock at the west pier is indicated to be at about 73 m elevation (equivalent to the top
of the rock slabs identified in the current investigation). The current investigation indicates that the top of rock at
the west pier is at about 7 m lower, at about elevation 66 m. As built design drawings indicate that the west pier
is supported on spread footings at an elevation of about 73 m elevation, indicating that the footings are likely
supported on rock slabs above the bedrock surface.

West of the bridge structure, the approach embankments are constructed within a rock cut. The existing east
approach embankments are about 10 m high relative to the surrounding natural ground level. It is understood
that current embankment heights are to be maintained.

Foundation engineering recommendations for the bridge foundations are provided in Sections 6.3 to 6.5.

6.2 Bridge Foundation Options

The following options have been considered for the foundations of the widened portions of the bridge:
B Shallow foundations (i.e., spread footings) bearing on bedrock.

B Deep foundations (cast-in-place concrete caissons, driven steel H-piles, drilled piles or micropiles) which
derive their support from end-bearing on the bedrock surface at depth.
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Geotechnical recommendations for the design of the foundations for the bridge abutments are presented in the
following sections. Summary comparisons of the advantages, disadvantages, relative costs, and risks
associated with each foundation option are presented as tables following the text of this report. Separate tables
have been prepared for foundation elements at the west abutment, west pier, east pier and east abutment, in
Tables 1 through 4, respectively.

Due to the varying subsurface conditions at the site, there are several geotechnically preferred options for the
support of the bridge foundations. At the west abutment location, where bedrock is close to surface, spread
footings are considered the preferred foundation option. At the west pier, where subsurface investigations
indicate the presence of detached limestone slabs above bedrock, micropiles are the recommended foundation
option. Finally, for the east pier and abutment where the overburden is thick, foundations supported on steel
H-piles driven to bedrock are considered the preferred option. Concrete caissons are also feasible; however,
they are not considered economical for foundations at the depths required at the east pier and abutment.

6.3 Shallow Foundations

The use of shallow foundations (spread footings) placed on or within relatively near-surface bedrock is
considered appropriate for support of the west abutment, and is consistent with the foundation support for the
existing structure. Support of the west pier on spread footings, as indicated on the 1953 drawings to be the
current method of support, was considered as an option for support of the new pier footings, but is not the
preferred solution given the presence of a 7.0 m thick zone of limestone slabs (which may have previously been
mistaken as bedrock) overlying bedrock at a depth of 14 m below ground surface. Support of the east pier and
abutments on spread footings is not considered feasible as the depth of firm bedrock bearing is some 12 to 22 m
below grade.

6.3.1 West Abutment

Footings at the west abutment may be founded at or below elevation 82.5 m. Excavations in the order of 3 to
4 m below existing ground surface will be required to reach the bedrock surface. At the north side of the
highway, borehole B6 was put down 5 m west of the west abutment. The bedrock surface near the abutment is
expected to drop off quickly to the east and, as such, there is a risk that the top of bedrock is significantly deeper
than anticipated based on the results of borehole B6. As such, the design for the west abutment footings should
be flexible enough to allow for some variation in the bedrock surface elevation and placement of mass concrete
or a working slab to raise the grade by up to 2 to 3 m to the founding level after exposing the bedrock and
removing any loosened/fractured bedrock, if required.

If the rock surface exceeds the practical excavation depth at the north side of the west abutment, consideration
may need to be given to the use of driven pile foundations at this location.

To mitigate the risk of sloping bedrock at the west abutment, we recommend that the contractor determine the
bedrock elevations within the footing footprint (plus an additional 2 m to the east) prior to excavation and submit
the data for review to the CA a minimum of 4 weeks in advance of footing construction to allow for modifications
to the structural and foundation design, as necessary. A separate non-standard special provision (NSSP) has
been prepared (see Appendix B) and should be included in the contract package.
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6.3.2 West Pier

Consideration was given to founding footings at the west pier at the top of rock slabs at an elevation at or below
73 m, consistent with the reported founding depth of the existing west pier spread footings. However, due to the
presence of voids or loose soil below this elevation, it is expected that, even if lightly loaded, differential
settlement of the new piers relative to the existing piers would occur. A significantly reduced SLS bearing
pressure (in the order of 250 kPa) would need to be used for footings placed on rock slabs and minimum
excavation depths in the order of 6.5 to 7.5 m below existing ground surface (and adjacent to the CNR tracks)
would be required to reach the rock slab surface. To mitigate the risk of settlement and bearing failure due to
the voids and loose soil, a series of probe holes would need to be put down within the footprint of the footing at
regular intervals and that, where voids are encountered, they would either be grouted with a low viscosity grout,
or the depth of excavation would need to be extended. Given the uncertainties surrounding the bearing
capacities and settlement behaviour of the rock slabs, shallow foundations are not considered the preferred
foundation treatment at the west pier.

6.3.3 Excavation

Excavations within the predominantly granular grade fills can either be cut at relatively shallow slopes or, where
site constraints limit the extent of excavations, at steeper or near-vertical slopes where appropriate excavation
shoring is provided (as outlined in Section 6.10.2 Temporary Excavation and Shoring). Depending on the
chosen founding level for the footings and the quality of near-surface bedrock, some rock excavation may also
be required. Excavation could be carried out using drilling and hoe ramming techniques where relatively shallow
depths of cut into the bedrock are required, however this procedure tends to result in a very uneven founding
surface and significant over-excavation is likely. Line drilling and pre-shearing techniques provide better control
over the configuration of the founding surface and would be the preferred approach where deeper excavation
into the bedrock is required for footing construction.

The contract documents should contain the MTO Special Provision SP902S01 — Excavation and Backfilling —
which contains reference to the use of a Quality Verification Engineer to inspect the foundation area prior to
footing construction. All footing excavations should be inspected prior to placing concrete to ensure that the
base has been adequately cleaned and that the bedrock conditions as exposed at the founding level are
consistent with the design assumptions. All loose or shattered rock within the footprint of the footings should be
removed from the base of the excavation and replaced with concrete.

6.3.4 Limits States Factored Geotechnical Resistance and Reaction

Spread footings placed on sound bedrock may be designed for a factored geotechnical resistance at ultimate
limit states (ULS) of 5 MPa. This value is for vertical concentric loads only. Spread footings placed on rock
slabs should be designed for a factored geotechnical resistance at ultimate limit states (ULS) of no more than
350 kPa and a geotechnical resistance at serviceability limit states of no more than 250 kPa for total differential
settlements of 25 mm and 19 mm, respectively. Effects of load eccentricity need to be taken into account as
appropriate in accordance with Section 6.7.4 of the Canadian Highway Bridge Design Code (CHBDC) using the
curve for “cohesive soil or rock”. Serviceability limit states (SLS) conditions do not apply to footings placed on
the sound limestone bedrock which is classified as non-yielding.

The factored geotechnical resistance value for sound bedrock given above assumes that the bedrock at and
below the founding level has not been fractured, and that no adverse jointing is present below the footings.
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Additional rock reinforcement in the form of rock bolts or dowels and/or protection in the form of shotcrete may
be required before the footings are constructed in order to ensure the integrity of the rock mass.

Foundation elements for the west abutment should in all cases be located a minimum horizontal distance of 2 m
from the existing fill slope.

6.3.5 Resistance to Lateral Loads

Resistance to lateral forces/sliding resistance between the concrete footings and bedrock should be calculated in
accordance with Section 6.7.5 of the CHBDC. The coefficient of friction, tan 8, may be taken as 0.7 for cast-in-
place concrete footings constructed on bedrock. This represents an unfactored value; in accordance with the
CHBDC, a resistance factor of 0.8 is to be applied in calculating the horizontal resistance.

If necessary, sliding resistance can be supplemented by doweling the footings into bedrock. The horizontal
resistance of the dowels will be dependent on the strength of the bedrock, grout and steel. For this site, where
the rock mass is essentially as strong as or is stronger than concrete, the design of the dowels in the rock may
be handled in the same way as the dowel embedded in concrete. The dowels should have a minimum
embedded length of 1.0 m within the bedrock, and the structural strength of the dowel and the compressive
strength of the grout should not be exceeded. A Non Standard Special Provision for dowels in rock should be
included in the contract documents and a sample has been included in Appendix B of this report.

The geotechnical resistance to lateral loading on the foundations, as provided by the means of the geotechnical
resistance or dowels, will be reduced wherever rock is not present below the founding level in the areas in front
of the footings. This may for example be the case at the west abutment where the edge of the rock is in close
proximity to the footings. As such we recommend that all foundation elements be located a minimum of 2 m
horizontal distance from the edge of the rock.

6.3.6 Frost Protection

For spread footings founded on fresh limestone bedrock or mass concrete, frost protection cover is not required.
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6.4 Pile Foundations

As noted in Section 6.1, piled foundations on limestone and/or sandstone bedrock are the preferred method of
foundation support for the west pier, east pier and east abutment. At the west pier, where subsurface
investigations indicate the presence of detached limestone slabs above bedrock, pre-drilled H-piles, drilled piles
or micropiles are considered technically feasible foundation options for extending the foundations to the
underlying bedrock. As built drawings indicate that the existing west pier is founded on spread footings at the
level of the top of the “limestone slabs”, rather than on bedrock. Because the new deep foundations for the west
pier would be extended to the top of bedrock, well below the existing west pier foundations, it is considered
prudent to use caution in advancing the new foundations. To reduce the potential negative impacts of
construction of new deep foundations adjacent to the existing shallow west pier foundations, we recommend that
micropiles be selected as the foundation option at the west pier. At the east pier and east abutment where the
overburden is thick, foundations supported on steel H-piles driven to bedrock are considered the preferred option
and are consistent with the existing foundation support. Given the proximity of bedrock to surface at the west
abutment, piled foundations at this location are not considered a preferred option.

The following table summarizes the anticipated pile toe elevations and founding stratum for the east pier, east
abutment and west pier based on the depth to bedrock encountered in the boreholes. We have assumed that
the underside of the pipe cap at the east and west piers is at elevation 74.4 m and at 82.5 m at the east
abutment, as shown on the latest GA drawing.

Approximate . o o
Ground Anticipated Anticipated Toe Anticipated

Location Pile Cap Elevation Average Pile

Surface .
Elevation (m) | E'evation (m) | (Top of Rock) (m) | Length (m)

Founding
Stratum

Limestone or

East Pier 77-77.5 74.4 65 - 66 9 Sandstone
Bedrock
East Limestone or
82-825 82.5 63 - 65 18.5 Sandstone
Abutment
Bedrock
West Pier 79 74.4 66 85 Limestone
*top of rock slabs at 73 Bedrock

All pile installation/driving should be in accordance with Special Provision SP903S01. Installation of micropiles
at the west pier should be carried out in accordance with a Non Standard Special Provision which can be
provided by Golder as a part of the detailed design deliverable if this foundation option is chosen. At the east
pier and abutment, driven piles will essentially be advanced to practical refusal on bedrock. Depending on the
required pile capacities, drilled piles at the west pier will either be socketed nominally or embedded to a target
depth into bedrock. As noted above, micropiles are the recommended foundation choice for the west pier. For
all piling methods, a Non Standard Special Provision to alert the contractor of the presence of limestone slabs
and of boulders/obstructions within the rock fill and glacial till should be included in the contract documents and a
sample has been included in Appendix B of this report.
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The pile termination or set criteria for driven piles will be highly dependent on the pile driving hammer type,
helmet, selected pile and length of pile. All of these factors must be taken into consideration in establishing the
driving criteria to ensure that the piles are not overdriven and to avoid possible damage to the piles. In this
regard, for piles driven to refusal on bedrock, it is a generally accepted practice to reduce the hammer energy
after abrupt peaking is met on the bedrock surface, and to then gradually increase the energy over a series of
blows to seat the pile. The pile termination depth for drilled piles or micropiles will be based on the minimum
required axial and lateral capacity.

If additional piles are installed to widen the existing abutment and piers, new piles may be in close proximity to
the piles supporting the existing structures. If existing piles are offset from their intended location or alignment,
the potential exists for conflicts when driving the new piles. Current construction practice generally limits the
acceptable pile offset from design at the surface to 50 mm and the deviation from the design inclination to 2
percent. However, even for piles installed meeting these construction limits, the tip offset at depth may be
greater and it is considered that, for piles less than 10 m in length such as at this site, the tip offset at depth may
be as much as 5 percent of the pile length. As such, for new piles put down within the potential zone of
interference with the existing abutment or pier piles (defined as a distance around the existing pile centre equal
to 10 percent of the pile length), the installation operations shall be continuously monitored by the QVE and the
contractor shall cease advance of the pile if the QVE indicates that the new pile may have come in contact with
an existing pile. If contact between the new and existing piles is believed to exist, it may be necessary to extract
or re-install piles. A Non Standard Special Provision for installation of piles adjacent to existing battered piles
should be included in the contract documents and a sample has been included in Appendix B of this report.

For both driven and drilled piles, vibration monitoring should be carried out during pile installation to ensure that
the vibration levels at the existing structure are maintained below tolerable levels. A maximum peak particle
velocity of 100 mm/s is recommended adjacent to existing abutments and east pier. At the west pier, where
there is a significant risk of damage to the existing shallow spread footing foundations, maximum peak particle
velocities should be limited to 50 mm/s to minimize vibrations of foundations potentially supported on rock slabs.
Piles put down furthest from the existing structure should be driven first, in order to check the vibration level at
the existing structure and, if necessary, alter the pile driving criteria for the remaining piles. A Non Standard
Special Provision for vibration monitoring should be included in the contract documents and a sample has been
included in Appendix B of this report.

6.4.1 Pile Options and Axial Geotechnical Resistance
6.4.1.1 Steel H-Piles Driven or Installed in Pre-Drilled Holes

As noted above, steel H-piles driven to refusal on bedrock is the preferred foundation option at the east pier and
east abutment where the overburden is thick. At the west pier, a thick zone of rock slabs above the bedrock
surface is expected to severely limit the successful driving of H-piles to bedrock and attempts to advance the
piles through the rock slabs may induce significant vibrations which could be harmful to existing foundations. At
this location, consideration could be given to installing H-piles in pre-drilled holes to advance through the rock
slabs and achieve the desired depth; however, this too may induce harmful vibrations. The cost of installing pre-
drilled H-piles will also be significantly higher than driving H-piles because specialized drilling systems, such as
the “Symmetrix (ROTEX)” or dual rotary (Barber), would be required (see Section 6.4.1.2 below) to advance a
hole of sufficient diameter to accommodate the H-pile. At the west abutment, where the depth to bedrock is
shallow, driven steel H-piles are also not preferred.
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Boreholes advanced at the east abutment and east pier indicate the potential for cobbles and boulders within the
rock fill. To minimize the risk of damage to pile tips, vertically driven and battered piles should be equipped with
suitable driving points (such as Titus standard rock bearing point or equivalent) to ensure seating of the piles on
the bedrock. For driven steel H-piles at the east pier and abutments, the drawings should incorporate an
appropriate note stating that the piles should be equipped with rock bearing points and should be driven to
bedrock.

Even with suitable driving points, there is a risk of damage to piles and/or misalignment of the piles driven to
bedrock. In the event that the piles are damaged and/or driven out of alignment when driven through the fill, it
would be necessary to remove and re-drive the piles. Alternatively the pier or abutment design would have to be
flexible enough to allow for the installation of extra piles within the footing area, if considered necessary during
the installation.

If pre-drilled piles are chosen for the west pier, they should be advanced with a liner socketed a minimum of
0.6 m into bedrock to limit the inflow of soil and groundwater into the base of the hole. The installations must be
inspected by qualified geotechnical personnel to ensure that the founding stratum has been reached and is
consistent with the design assumptions and that the base has been properly cleaned and is dry prior to
installation of the H-pile. Once the H-pile is installed, the annulus between the liner and H-pile can then be
backfilled with grout.

For design of steel H-piles that are successfully advanced to found on the bedrock, the following factored axial
resistances at Ultimate Limit States (ULS) may be assumed:

Pile Size Factored ULS Resistance (kPa)
HP 310 x 110 2,000
HP 360 x 132 2,400
HP 360 x 152 2,750

The above values represent structural limitations for the piles rather than geotechnical limitations.

The geotechnical resistance at SLS for 25 mm of settlement is greater than the factored axial geotechnical
resistance at ULS because the bedrock is considered to be an unyielding material. As such, ULS conditions will
govern for this foundation type, providing the piles are successfully driven to bedrock.

6.4.1.2 Drilled Pipe Piles

At the west pier, to advance through the rock slabs to bedrock, consideration could be given to the use of drilled
piles. The general procedure involves using smaller diameter (less than 324 mm in outer diameter) steel pipe
piles advanced through the overburden soils and into the bedrock using down-the-hole hammer techniques. In
general, the drilled pile system uses a four step process. The first step is to weld a non-salvageable ring (i.e.,
crown) to the end of a steel pipe pile that will be used to drill into the bedrock and allow rotation of the shoe
without rotation of the steel pipe. The next step is to insert the pilot bit into the steel pipe pile, which locks into
the crown by rotating clockwise. The next step involves drilling through the overburden and bedrock by rotating
the lower part of the crown (called the driver) and the pilot bit while the upper part of the crown and the steel pipe
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casing does not rotate. The last step (after the steel pipe casing reaches the required bedrock socket depth)
involves reversing the drill direction to unlock and retrieve the pilot bit, and leaving the steel pipe and non-
salvageable crown in place. The steel pipe can then be filled with tremie concrete (if there is water inflow
through the bedrock) and reinforcing steel added, if required.

The drilled pile excavations must be inspected by qualified geotechnical personnel to ensure that the founding
stratum has been reached and is consistent with the design assumptions and that the base has been properly
cleaned and is dry. In this regard, temporary liners (i.e. the steel pipe piles) will be required to limit inflow of soil
and groundwater into the hole. The base of the hole should be flushed and any drilling debris removed to
ensure adequate base capacity.

Drilled piles derive their axial resistance in part from end-bearing and in part from shaft friction. For this site, the
majority of the resistance will be derived from base resistance. The factored axial geotechnical resistance at
ULS that may be used for design of a single drilled pile are given in the table below:

Factored
Axial Geotechnical
Drilled Pile Size Socket / Anchor Details Resistance
Bedrock
ULS
300 mm diam. Drilled Pile (tremie concrete Socketed a minimum 2000 kN
filled, 13 mm thick steel pipe) 0.6 m into bedrock
324 mm diam. Drilled Pile (tremie concrete Socketed a minimum 2400 kN
filled, 13 mm thick steel pipe) 0.6m into bedrock

M Values are based on structural capacity of the pile and may need to be adjusted depending on final configuration,

pipe steel grade, concrete strength, bedrock socket details, and reinforcing steel, if applicable.

For drilled piles founded in the bedrock, the resistance required to achieve 25 mm of settlement is greater than
that given for ULS and therefore SLS conditions do not apply.

For larger diameter drilled piles (i.e., greater than about 324 mm diameter to up to 1200 mm), an installation
method similar to the system described previously would be required to achieve adequate socketing for larger
axial resistance capacities. It should be noted that larger diameter piles would likely induce more vibrations,
become more difficult to excavate and require more specialized equipment (“Symmetrix” or Dual Rotary drilling
rigs) to install. As a result, larger diameter drilled piles may be uneconomical.

6.4.1.3 Micropiles

As discussed in Section 6.4, subsurface investigations indicate the presence of detached limestone slabs above
bedrock at the location of the west pier foundations. In these locations, individual limestone slabs which range in
thickness from 0.1 m to 1.7 m are separated by voids or loose soil infilling. The zone of limestone slabs is about
7 m thick. At borehole B7, between the limestone slabs and the underlying bedrock, a layer of cobbles, boulders
and silty clay was encountered. Inspection of the recovered core indicates that the slabs are comprised of
limestone similar to that encountered at the west abutment, with individual slabs oriented with sub-horizontal
bedding. The sub-horizontal bedding of the limestone slabs suggests that 7 m thick section may have been

s

January 2011 " Golder
Report No. 08-1111-0044-2 20 Associates



FOUNDATION INVESTIGATION - G.W.P. 78-99-00

displaced as a block during glacial activities at the contact between the limestone bluffs to the west and the
lowlands to the east. If bedding orientations had been variable, it would have suggested that the material was a
talus deposit of blocks which had fallen from the bluffs to the west.

As built drawings indicate that the west piers are founded on spread footings at the level of the top of the
“limestone slabs” (rather than on bedrock). We recommend that new foundations for the west pier be extended
to the top of bedrock, to a depth which would extend below the existing west pier foundations. To minimize
disturbance of the west pier foundations during construction of the adjacent new deep foundations, we
recommend that micropiles be selected as the foundation option at the west pier.

Micropiles are small diameter (typically less than 300 mm) drilled and grouted replacement piles that are typically
reinforced with high-capacity steel (typically threaded bars or reinforced steel) to resist a high proportion (or all)
of the design load. Micropiles are often cased through overburden deposits and then socketed and grouted
directly into bedrock at depth. The casing may or may not be removed, depending on the structural stiffness and
axial/lateral capacities required. The special drilling and grouting methods used in micropile installation allow for
high grout-to-ground bond values along the grout/ground interface. The grout transfers the load through friction
from the reinforcement to the ground in the micropile bond zone in a manner similar to that of ground anchors.
Due to the small pile diameter, any end-bearing contribution in micropiles is generally neglected. Theoretically
micropiles have equal capacities in both tension and compression. Vertical micropiles may be limited in lateral
capacity. The total pile length (i.e., embedment into the underlying bedrock) is determined by detailed pile
design calculations.

The construction equipment/techniques and risks associates with micropiling are similar to those required for
drilled piles or for pre-drilled holes for H-piles to advance through cobbles and boulders or rock slabs. However,
because micropiles require a smaller hole than pre-drilled H-pile holes or drilled piles, installation is generally
faster and vibration-induced movements on adjacent structures would likely be less. Also, less reinforcement
(i.e., 2-#18 steel bars instead of a HP 310x110 steel section in a pre-drilled H-pile hole or a 13 mm thick steel
pipe pile) is required.

Larger diameter micropiles have the advantage of requiring a shorter bond length to accommodate the required
design loads and therefore will need less drilling into the bedrock (i.e., overall shorter length pile). Larger
diameter micropiles are also stiffer and provide more buckling resistance over the free length of the pile.
However, drilling with the larger diameter through rock slabs will be more time-consuming and poses a
potentially greater risk of vibration, ground loss or settlement and movement of the existing structure. Smaller
diameter micropiles may mitigate some of these risks, but would require a longer bond zone (i.e., overall longer
length of pile) to achieve the same capacity.

Factored Axial
Geotechnical
Micropile Size Socket / Anchor Details Resistance
Bedrock
ULS
230 mm diameter casing, .
2 - #18 central steel bars Socketed into bedrock 1500 kN
=
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Factored Axial
Geotechnical

Micropile Size Socket / Anchor Details Resistance
Bedrock
ULS
250 mm diameter casing, Socketed into bedrock 2000 kN

2 - #18 central steel bars

For drilled micropiles founded in bedrock, the resistance required to achieve 25 mm of settlement is greater than
that given for ULS and therefore SLS conditions do not apply.

The additional costs incurred for detailed geotechnical and structural design of the micropiles and micropile load
tests would need to be considered. The detailed geotechnical design would include:

B Jiaison with the structural engineer on the initial pile section geometry and steel grade for structural
considerations (i.e. lateral loads, proposed pile batter, required free length, etc.);

B assessment of the geotechnical capacity of a single micropile following the guidelines published in the
FHWA “Micropile Design and Construction Guidelines Implementation Manual (June 2000);

B assessment of the lateral performance of a single micropile, development of p-y curves (using LPILE Plus
v5.0) and reduction factors for group effects for use by MRC to carry out the assessment of capacity and
performance of the full pile group;

B additional liaison with MRC during iterations, as required, to achieve efficient micropile group design;

B revision of existing MTO Special Provisions for micropiles developed recently by Golder for another MTO
project; and

B preparation of a separate report/design memoranda specific to micropiled foundations.

A separate scope of work and cost estimate for detailed geotechnical design of micropiles can be provided if this
foundation option is selected for the west pier.

6.4.2 Downdrag Load (Negative Skin Friction)

The widening of the existing east approach and placement of additional fill on the north and south shoulder east
of the east abutment will raise the effective stress level in the silty clay deposit which underlies the site. It is
understood that the maximum height of additional fill to be added at the north and south edge of the roadway is
about 4 m. This increase in stress will lead to some compression of the silty clay deposit encountered in
boreholes B4 and B9 put down at the east abutment. As discussed subsequently in Section 6.9.5 of this report,
the magnitude of the resulting consolidation settlement of the embankment subgrade is estimated at about 40 to
60 mm, with additional long term settlement due to secondary compression (creep) and compression of the
existing embankment fills.

The consolidation settlement is time-dependant and may not be complete by the end of the construction period.
As such, some post-construction settlement of the silty clay deposit should be expected. The piles will be
end-bearing on bedrock, and as such, even a small amount of settlement of the silty clay deposit relative to the
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pile will result in the development of negative skin friction. These negative skin friction or downdrag loads will
need to be taken into account during design of the new piles supporting the east abutment.

In calculating the magnitude of the downdrag force, the methods described in the Canadian Foundation
Engineering Manual were used. Considering the larger predicted settlement of the silty clay deposit versus the
elastic shortening of the pile, the neutral plane used in the analyses was assumed to be at the underside of the
silty clay deposit.

Based on the above, for new piles supporting the east abutment (with the underside of the pilecap at elevation
82.5 m), the unfactored downdrag load acting on a single HP 310 x 110 pile over the length of pile within the silty
clay and overlying embankment fill is estimated to be about 900 kN. The structural capacity of the piles must be
checked for the factored dead and downdrag loads in accordance with Section 6.8.4 of the CHBDC.Given the
geometry of the widening, no significant increase in load is expected at the pier foundation areas and, as such,
downdrag loads are not anticipated at the east or west pier foundations.

It is not known whether downdrag loads were considered for the design of the existing piles; however, ground
movements will occur within the existing embankment and will likely be large enough in magnitude to generate
downdrag forces on existing piles located more than 10 m from the median on either side. As such, the effects
of negative skin friction or downdrag loads on the existing east abutment piles close to the embankment
widening should also be considered. Available information indicates that the existing east abutment piles are
considerably shorter than the new piles (with the underside of the pilecap at elevation 74 m rather than 82.5 m)
and, as such, the resulting downdrag loads on the existing east abutment piles will be less. The unfactored
downdrag load acting on a single BP 12 x 12 x #53 pile over the length of the pile within the silty clay is
estimated to be about 500 kN.

It is understood from design drawings that the piles supporting the existing bridge were installed in the 1950’s
and are equivalent in size to HP 310 x 79. We understand that, at the time, the design working load for these
piles was 70 to 75 tons (about 650 kN). Assuming that the piles were driven to found upon the bedrock (as
indicated in the drawings), the factored Ultimate Limit States resistance of the existing piles is estimated at
1,350 kN. This value represents a structural limitation for the piles rather than a geotechnical limitation. The
geotechnical resistance at Serviceability Limit States (SLS) for 25 mm of settlement will be greater than the
factored axial resistance at ULS, since the bedrock is considered to be an unyielding material; as such, ULS
conditions govern for this foundation type.

6.4.2.1 Downdrag Mitigation

If the predicted downdrag loads cannot be accommodated structurally, downdrag loads on new piles can be
reduced through modifications to the pile geometry/frictional properties, or eliminated by significant reduction of
the new loads and/or minimization of post-installation settlement of surrounding soils. For the existing bridge
foundation piles, modifications to the pile geometry or frictional properties cannot be made and all induced
settlements are “post-installation”, so the options to mitigate downdrag on existing piles are limited to reduction
of settlement by reduction in loading.

If downdrag loads on new piles are too high, the following means of reducing downdrag through
geometric/frictional property modifications could be considered:
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B reducing the new pile diameter (reducing the unit surface area of the pile would result in a corresponding
reduction in the total downdrag load);

B changing the frictional properties of the soil/pile interface by casing the pile through the embankment fill
(eliminating the contribution of the embankment fills to the total downdrag load would reduce downdrag by
about 60 percent), however lateral resistance to the pile from the embankment fill would be affected;

B coating the piles with a friction reducer (e.g., bituminum). Case histories indicate that friction reducers can
reduce the total downdrag loads by 80 to 90%, but that the application of the coating increases the cost per
pile by 15 to 50% over the cost of uncoated piles and is not economical for a small job;

Alternatively, consideration could be given to the use of a heavier gauge pile, with higher structural capacity but
similar surface area (i.e., HP 360 x 152 or HP 360 x 132).

Downdrag loads could also be eliminated using the following settlement mitigation strategies:

B preloading to minimize post-construction settlements to less than 10 mm. If the widened slopes are
constructed and allowed to settle for a period of at least 4 to 6 months (estimated duration of primary
consolidation) before installing the new piled foundations, settlement resulting from immediate elastic
compression of the granular fills and primary consolidation settlement could occur prior to installation and
downdrag on the new piles could be eliminated; or,

B |nstallation of lightweight fill (EPS) to reduce or eliminate applied loads due to the widening, thus eliminated
downdrag on the piles (on both new and existing piles).

Additional information regarding the settlement mitigation options is provided in Section 6.9.5 of this report.

6.4.3 Resistance to Lateral Loads

Lateral loading could be resisted fully or partially by the use of battered piles. Alternatively, the resistance to
lateral loading could be derived from the soil resistance in front of the piles, and it may be assumed that this
resistance will be nearly the same for vertical and inclined piles as indicated in Section C6.8.7.2 of the
Commentary to the CHBDC.

The SLS geotechnical response of the soil in front of the piles under lateral loading may be calculated using
subgrade reaction theory where the coefficient of horizontal subgrade reaction, k, is based on the equations
given below, as described by Terzaghi (1955) and the Canadian Foundation Engineering Manual (3rd Edition).

For cohesionless soils:

K — Nz Where: ny Is the constant of horizontal subgrade reaction, as given below;
B z Is the depth (m); and,
B Is the pile diameter/width (m).
=
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For cohesive soils:

_ 67s,
' B

Where:

k

kh

su

is the pile diameter/width (m).

The following values of n,, and s, may be assumed in the structural analysis.

Is the coefficient of horizontal subgrade reaction;

Is the undrained shear strength of the soil (kPa); and,

Location Soil Type nn (MN/m® | s, (kPa)
New Compacted Fill 6.6 -
Existing Embankment Fill 4.8 -
East Abutment | Weathered Crust - 100
Silty Clay - 40
Glacial Till 8 -
New Compacted Fill 6.6 -
Existing Embankment Fill 1.6 -
East Pier Weathered Crust - 100
Silty Clay - 20
Glacial Till 8 -
New Compacted Fill 6.6 -
. Existing Embankment Fill 6.0 -
West Pier Weathered Crust - 100
Limestone Slabs 11 -

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

Pile Spacing in Direction of Loading Reduction
(d = Pile Diameter) Factor
8d 1.0
6d 0.7
4d 0.4
3d 0.25

For establishing the ULS factored structural resistance, the shear force and bending moment distribution in the
piles under factored loading can be established using the procedures and parameters given above for evaluating
the SLS response.

The ULS geotechnical resistance to lateral loading may be calculated using passive earth pressure theory as
outlined in Section C6.8.7 of the Commentary to the CHBDC.
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The unfactored lateral passive resistance of a single pile in non-cohesive soils (new and existing fills) may be
estimated by calculating passive earth pressure over an equivalent wall area having a depth from the ground
surface equal to six times the pile diameter, and with a width equal to three times the pile diameter.

For individual piles in cohesive soils (i.e., silty clay) the ULS lateral resistance is assumed to vary linearly with a
magnitude of 2S5, at the surface of the deposit and a magnitude of 95, at a depth equal to three pile diameters
below the underside of the pile cap (where S, is the undrained shear strength). Below a depth equal to 3 pile
diameters, and to the bottom of the deposit, the lateral resistance is assumed to be constant at 9S,.

The ULS lateral passive resistance from the glacial till and rock slabs should be neglected since, in these non-
cohesive soils, the CHBDC Commentary (Section C6.8.7.1) suggests that resistances only be considered within
a depth equal to six diameters below the underside of the pile cap; these soils are below that depth.

The ULS lateral resistance of a pile group may be estimated as the sum of the individual resistances across the
face of the group, perpendicular to the direction of the applied lateral force.

The ULS resistances obtained using the above parameters represent unfactored values; in accordance with the
CHBDOC, a resistance factor of 0.5 is to be applied in calculating the horizontal resistance.

For preliminary design purposes, the ULS geotechnical resistance can also be estimated using the “Assessed
Horizontal Passive Resistance Values for Various Pile Types” provided in the Commentary to the CHBDC. On
that basis, a maximum lateral resistance of 125 kN at ULS (unfactored), and a maximum lateral resistance of
50 kN at SLS (for 10 mm of horizontal deflection at pile cap level) is recommended for HP 310 x 110 piles.

If micropiles are selected as the foundation option at the west pier, the lateral performance of a single micropile
will need to be determined using a rigorous solution involving the development of p-y curves (using LPILE Plus
v5.0) and reduction factors for group effects. This assessment can be started once the initial pile section
geometry (e.g. diameter, steel grade, batter, applied lateral loads, required free length) is established by the
structural designer. The structural designer would then use the lateral performance information to carry out the
assessment of capacity and performance of the full pile group. A number of iterations will likely be required
before a suitable foundation design and pile group geometry can be established.

6.4.4 Frost Protection

The pile caps should be provided with a minimum of 1.5 m of soil cover for frost protection. At the east pier, if
the installation of temporary shoring (required for below grade pile caps) adversely impacts rail traffic operations,
the depth of the pile cap could be reduced to less than 1.5 m below grade by either elevating the pile cap above
grade or properly insulating it such that the minimum path distance for frost (i.e. the depth of footing below
ground plus the lateral extent of insulation away from the pile cap) is equal to 1.5 m.

6.5 Caisson Foundations

Caissons founded on or socketed into the bedrock are considered a technically feasible method of support for
the east and west piers and east bridge abutment. At the east pier, if the proximity of the adjacent rail tracks
restricts installation of temporary shoring for pile caps, caissons may provide a suitable excavation-free
alternative. Advance of the caissons to bedrock at the west pier will require extensive churn drilling due to the
rock slabs and may induce vibrations of the existing bridge foundations. Such vibrations may induce excessive
settlements, thus the use of caissons at the west pier may require underpinning of the existing foundations to
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control vibration-induced settlements. At the east abutment, the significant thickness of embankment fills and
resulting depth to bedrock may render this option cost-prohibitive.

The following table summarizes the anticipated toe elevations and founding stratum at each location. We have
assumed that the underside of the pile cap at the west and east piers will be at 1.5 m below existing ground
surface for frost protection purposes and that the grade in front of the east abutment will be at about

3.0 m below pavement surface.

Approximate Anticipated Anticipated Toe Anticipated .
L . Ground . ; : Founding
ocation Surface Plle_Cap Elevation Average Caisson Stratum
Elevation (m) Elevation (m) | (Top of Rock) (m) Length (m)
; 66 Limestone
West Pier 79 744 *top of rock slabs at 73 8.5 Bedrock
Limestone or
East Pier 77-77.5 74.4 65 - 66 9 Sandstone
Bedrock
East Limestone or
82-82.5 82.5 63 - 65 18.5 Sandstone
Abutment
Bedrock

The use of a temporary liner or permanent casing is recommended in order to advance the caissons through the
overburden with minimal loss of ground. Additionally, it will be difficult to clean the bedrock surface, even with
the use of liners, unless the liner is socketed into the bedrock. It may therefore be more practical to socket the
caissons into the rock a minimum of 300 mm, rather than found on the bedrock surface.

The bedrock at the site is moderately strong to strong. If socketing of the caissons into the bedrock is required,
the sockets will have to be advanced by rock coring or churn drilling. Rock coring or churn drilling may be
required at the piers and east abutment to advance through the rock fill and will likely be required to advance the
casing through the limestone slabs encountered at the west pier. It is recommended that a Non Standard
Special Provision be included in the Contract Documents to advise the Contractor of the presence of cobbles or
boulders in the rock fill and that the bedrock is medium strong to strong and will require churn drilling. If this
foundation option is adopted, a sample NSSP will be prepared for inclusion in Appendix B.

During caisson installation, vibration monitoring should be carried out to ensure that the vibration levels at the
existing structure are maintained below tolerable levels. A maximum peak particle velocity of 100 mm/s is
recommended adjacent to existing east pier and abutment and 50 mm/s adjacent to the west pier. A Non
Standard Special Provision for vibration monitoring, similar to that provided for driven piles in Appendix B, will be
prepared for inclusion in the contract documents if this foundation options is adopted.

6.5.1

Caissons founded on the bedrock surface or socketed nominally (less than 1 m) into the bedrock should be
designed based on end-bearing resistance and a factored geotechnical resistance at ULS of 5 MPa for
limestone and dolomitic limestone bedrock. At the north side of the east pier and at the east abutment, a
factored geotechnical resistance at USL of 8 MPa should be used for sandstone bedrock. SLS resistances do

Axial Geotechnical Resistance
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not apply to caissons founded on or socketed in the bedrock, since the SLS resistance for 25 mm of settlement
is greater than the factored axial geotechnical resistance at ULS.

6.5.2 Downdrag Load (Negative Skin Friction)

The widening of the existing east approach and placement of additional fill on the north and south shoulder
areas behind the east abutment will raise the effective stress level in the silty clay deposit (east abutment only),
leading to some consolidation of the deposit. As discussed previously in Section 6.4.2 for piles, this condition
will also result in downdrag forces on caissons. The unfactored downdrag load acting on a single 0.9 mor 1.5 m
diameter caisson over the length of caisson within the silty clay and overlying embankment fill is estimated to be
2000 kN and 3400 kN, respectively (based on an underside of pile cap level at about elevation 82.5 m). The
structural capacity of the caissons must be checked for the factored dead and downdrag loads in accordance
with Section 6.8.4 of the CHBDC. The assumptions and methods used in assessing that downdrag force are the
same as those described in Section 6.4.2 of this report with respect to steel H-piles.

Downdrag loads are not anticipated at the pier foundations, as no significant filling is proposed for the pier
foundation areas.

6.5.3 Resistance to Lateral Loads

The resistance to lateral loading is derived from the soil in front of the caissons, and the reductions due to group
effects, may be determined as per Section 6.4.3.

6.5.4 Frost Protection

The pile (caisson) caps should be provided with a minimum of 1.5 m of soil cover for frost protection, or
alternatively they can be suspended above grade or suitably insulated as per Section 6.4.4.

6.6 Feasibility of Integral and Semi-Integral Abutments

As outlined in MTO’s report SO-96-01, integral abutment bridges are single span or multiple span continuous
deck type bridges with a movement system composed primarily of abutments on flexible integral foundations and
approach slabs, in lieu of movable deck expansion joints and bearings at abutments. The feasibility of integral
abutments is influenced by a number of factors including geometry and subsurface conditions. The primary
criterion is the need to support the abutments on relatively flexible piles. Where the load bearing stratum is near
the surface or where the use of short piles or caissons (less than 5 m in length) is planned, the site is not
considered suitable for integral abutment bridges. Geometric constraints on the use of integral abutments are
also applicable and include: overall bridge length less than 150 m; skew angle less than 35°; and abutment wall
heights less than 6 m without a retained soil system.

As outlined in MTQO’s report BO-99-03, semi-integral abutment bridges are single or multiple span structures of
less than 150 m in length with rigid foundations (spread footings) where the concrete deck is continuous with the
approach slabs. Expansion joints are eliminated at the end of the deck and the superstructure is supported on
movable bearings and is almost independent of the abutment. A control joint is provided at the end of the
approach slab that is detailed to slide in between the wingwalls. Unlike integral abutment bridges, there is no
limit on skew angle for semi-integral abutments provided that lateral restraint is incorporated in the bridge design
to prevent rotation of the superstructure caused by eccentric lateral earth pressures in the horizontal plane acting
on both ends of the superstructure and that the movement system at the end of the approach can accommodate
deformations associated with skew.
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The flexible pile-supported east abutment foundations meet MTO’s foundation criteria for integral abutments,
however the current overall skew of the bridge is such that integral abutments may not be possible. The use of
semi-integral abutments would be feasible at the west abutment, where the ground conditions allow for support
of the structure on rigid spread footings founded on bedrock.

We understand that lateral movement in the order of +/- 15 mm can be expected at the back of the deck
diaphragms due to thermal expansion and contraction if integral or semi-integral abutments are used. In order to
accommodate this movement, we recommend the installation of a minimum of 1.5 m width of compacted
granular material behind the deck diaphragm where footings are adjacent to vertical rock faces (i.e., west
abutment).

6.7 Site Coefficient

For seismic design purposes, the Site Coefficient, S, for this site in accordance with Section 4.4.6 of the CHBDC
may be taken as 1.0, consistent with Soil Profile Type I.

6.8 Lateral Earth Pressures for Design

The lateral earth pressures acting on the bridge abutments and pier will depend on the type and method of
placement of the backfill materials, on the nature of the soils behind the backfill, on the magnitude of surcharge
including construction loadings, on the freedom of lateral movement of the structure, and on the drainage
conditions behind the walls. Seismic (earthquake) loading must also be taken into account in the design.

The following recommendations are made concerning the design of the abutment stems and retaining walls in
accordance with CHBDC:

B Select free-draining granular fill meeting the specifications of Ontario Provincial Standard Specifications
(OPSS) Granular ‘A’ or Granular ‘B’ Type 1l but with less than 5 percent passing the 200 sieve should be
used as backfill behind the walls. This fill should be compacted in accordance with OPSS 539.

B | ongitudinal drains and weep holes should be installed to provide positive drainage of the granular backfill.
Other aspects of the granular backfill requirements with respect to sub-drains and frost taper should be in
accordance with OPSD 3101.150 and 3121.150.

B A minimum compaction surcharge of 12 kPa should be included in the lateral earth pressures for the
structural design of the walls, in accordance with CHBDC Section 6.9.3 and Figure 6.6. Compaction
equipment should be used in accordance with OPSS 539. Other surcharge loadings should be accounted
for in the design, as required.

B The granular fill may be placed either in a zone with width equal to at least 1.5 m behind the back of the
abutment stem (Case (a) in Figure C6.20 of the Commentary to the CHBDC) or within the wedge-shaped
zone defined by a line drawn at 1.5 horizontal to 1 vertical (1.5H:1V) extending up and back from the rear
face of the footing (Case (b) in Figure C6.20 of the Commentary to the CHBDC).

6.8.1 Static Lateral Earth Pressures for Design

B For the proposed and existing embankment fill materials (Case 1), the following unfactored lateral earth
pressure parameters may be used assuming the use of Select Subgrade material:
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Soil Unit Weight: 21 kN/m?
Coefficients of static lateral earth
pressure:
Active, K, 0.33
Atrest, K, 0.50
Passive, Kp 3.0

B For Casell, the pressures are based on the granular fill as placed and the following parameters

(unfactored) may be assumed:

Granular ‘A’ Granular ‘B’ Type Il
Soil Unit Weight: 22 kN/m? 21 kN/m?
Coefficients of static lateral earth
pressure:
Active, K, 0.27 0.27
At rest, K, 0.43 0.43
Passive, Kp 3.7 3.7

If the wall support and superstructure allow lateral yielding or where the abutments are expected to move
away from the retained soils as the superstructure contracts due to decreases in ambient temperature,
active earth pressures may be used in the geotechnical design of the structure. The movement to allow
active pressures to develop within the backfill, and thereby assume an unrestrained structure, may be
taken as:

= Rotation of approximately 0.002 about the base of a vertical wall:
®= Horizontal translation of 0.001 times the height of the wall; or,
= A combination of both.

If the abutment support does not allow lateral yielding (i.e., restrained structure where the rotational or
horizontal movement is not sufficient to mobilize an active earth pressure condition), at-rest earth pressures
(plus any compaction surcharge) should be assumed for geotechnical design.

Where the abutments are expected to move into the retained soils, such as at semi-integral abutments
where the abutment expands due to increases in ambient temperature, passive earth pressures should be
used in geotechnical design of the structure. The movements required to fully mobilize passive pressure or
resistance are much larger than those required to mobilize active pressure. In practice, movements may
not be sufficient to mobilize the full passive resistance. The movement to allow passive pressures to
develop within the backfill may be taken as:

= Rotation of approximately 0.100 about the base of the vertical wall;

= Rotation of approximately 0.020 about the top of a vertical wall;

January 2011
Report No. 08-1111-0044-2

s

? Golder

30 Associates



FOUNDATION INVESTIGATION - G.W.P. 78-99-00

®= Horizontal translation of 0.05 times the height of the wall; or,
= A combination of the above.

Where movements are not great enough to mobilize full passive resistance, Kp may be determined in
accordance with Figure C6.16 of the CHBDC Commentary based on the amount of displacement.

As discussed below in Section 6.7.5 of this report, the use of expanded polystyrene (EPS) light weight
embankment fill is an option to mitigate the potential roadway settlements at the east abutment due to
compression of the underlying silty clay deposit. The low unit weight and relatively high mechanical strength
characteristics of the EPS blocks (in comparison to soil) will alter the design lateral earth pressures. For design
purposes, the EPS should be assumed to have a unit weight of 1 kN/m3; this low unit weight should be
considered in the calculation of the vertical stress level in the underlying granular backfill, and thus the horizontal
lateral pressure applied to the abutment wall. Furthermore, because the EPS blocks would hold a vertical face
without support, the lateral earth pressure applied by the EPS itself could be quite minor, resulting only from the
resistance to lateral expansion of the material under vertical loading (i.e., from the ‘Poisson’ effect), which is
generally small and difficult to quantify (and highly dependent on how tightly fitting the EPS blocks are placed
against the abutment). It is therefore considered that the lateral earth pressures from the EPS can be neglected.

6.8.2 Seismic Lateral Earth Pressures for Design

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

B Seismic loading will result in increased lateral earth pressures acting on the abutment stem and retaining
walls. The walls should be designed to withstand the combined lateral loading for the appropriate static
pressure conditions given above, plus the earthquake-induced dynamic earth pressure. According to Table
A3.1.1 of the CHBDC, the site is located in Seismic Zone 2. The site-specific zonal acceleration ratio for
Kingston is 0.1. The seismic lateral earth pressure coefficients given below have been derived based on a
design zonal acceleration ratio of A = 0.1.

B |n accordance with Sections 4.6.4 and C.4.6.4 of the CHBDC and its Commentary, for structures which do
not allow lateral yielding, the horizontal seismic coefficient, kh, used in the calculation of the seismic active
pressure coefficient is taken as 1.5 times the zonal acceleration ratio (i.e., kh = 0.15). For structures which
allow lateral yielding), kh is taken as 0.5 times the zonal acceleration ratio (i.e., kh = 0.05). The vertical
seismic coefficient, k,, used in the calculation is assumed to range from -0.5 to 0.5 times the horizontal
seismic coefficient, ki,

The following seismic active pressure coefficients (Kag) for the two backfill cases (Case | and Case Il) may
be used in design.
Seismic Active Pressure Coefficients, Kag

Case Il
Case |
Granular ‘A’ Granular ‘B’ Type Il
Yielding wall 0.34 0.28 0.28
Non-yielding wall 0.46(" 0.38(") 0.38("
=
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' The CHBDC seismic Kae values reported above include the effect of wall friction (5 = ¢'/2) and are less than the static values of K,

for the very low zonal acceleration ratio for this site. As such, for non-yielding walls only static earth pressures need to be considered
for this low seismicity (A=0.1) location.

B The above Kxe values for yielding walls are applicable provided that the wall can move up to 250A (mm),
where A is the design zonal acceleration ratio of 0.10. This corresponds to displacements of up to
approximately 25 mm at this site.

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

on(d) = Ky d + (Kae — K) v (H-d)
Where: on(d) Is the (static plus seismic) lateral earth pressure at depth, d, (kPa);

K Is either the static active earth pressure coefficient, K,, or the static at-rest earth
pressure coefficient (Ko);

Kag Is the seismic active earth pressure coefficient;

% Is the unit weight of the backfill soil (kN/m3), as given previously;
d Is the depth below the top of the wall (m); and,

H Is the total height of the wall (m).

B The following dynamic increment of passive pressure coefficients (Kpe-Kp) for the two backfill cases (Case |
and Case Il) may be used in design of the bridge deck ends for semi-integral abutments. These
coefficients represent the maximum value of (Kpg-Kp) obtained using the ky and three value of k, as
described above and assuming that movements are sufficient to mobilize full passive resistance.

Seismic Passive Pressure Coefficients, (Kpg-Kp)

Casel ll
Case |
Granular ‘A’ Granular ‘B’ Type Il
Yielding wall 0.1 0.1 0.1
Non-yielding wall 0.3 0.3 0.3

B Where seismic movements are not great enough to mobilize full passive resistance, Kr may be determined
in accordance with Figure C6.16 of the CHBDC Commentary based on the amount of displacement. The
dynamic increment of passive pressure (Kpe-Kp) should be reduced to the same extent as Kp.

B The earthquake-induced dynamic passive lateral pressure distribution, which is to be subtracted from the
static passive earth pressure distribution, is a linear distribution with maximum pressure at the base of the
wall and minimum pressure at its top (i.e., a triangular pressure distribution). The total pressure distribution
(static plus seismic) may be determined as follows:
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on(d) =Kpy d- (Kee —Kp) y (H-d)
Where: on(d) Is the total (static plus seismic) pressure distribution at depth d, (kPa);
Kp Is the static passive earth pressure coefficient, Kp,;

Kpe - Kp Is the dynamic increment of passive earth pressure coefficient;

Y Is the unit weight of the backfill soil (kN/m?), as given previously;
d Is the depth below the top of the wall (m); and,
H Is the total height of the wall (m).

It should be noted that these seismic earth pressure coefficients assume that the back of the wall is vertical and
the ground surface behind the wall is flat. Where sloping backfill is present above the top of the wall, the lateral
earth pressures under seismic loading conditions should be calculated by treating the weight of the backfill
located above the top of the wall as a surcharge.
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6.9 Approach Design and Construction

The existing CNR bridge structure and highway sections to the east and west are to be widened to the north and
south as part of the Highway 401 expansion in this area. West of the CNR overpass, widening will require an
additional 10 m of permanent cut into the existing limestone rock cut slopes. East of the overpass, the existing
10 m high approach embankments will be widened to the north and south by some 3 to 5 metres, at a slope of
about 1.25 Horizontal to 1 Vertical (consistent with the existing side slopes). We have assumed that the new
east and west piers will be maintained at about the elevation of the existing piers (i.e., adjacent to the railway
track) and that the grade between the piers and abutments will be sloped with rock fill at about 2H:1V to 3H:1V,
in line with the existing foreslopes. Filling over the existing east embankment slopes will therefore be required
and some filling may be required at the west abutment. Overall, the new abutment and/or retaining walls will be
up to about 3 m high.

Wing walls will also be provided extending from the ends of the new abutment walls. The filling behind those
walls will widen the embankment footprint in this area (to the junction between the new embankment side-slopes
and fore-slopes).

Cast-in-place concrete walls founded on bedrock (at the west abutment) or piled foundations (at the east
abutment) may be considered for the new retaining walls and wing walls.

6.9.1 Permanent Cut Slopes at West Approach

For permanent cut slopes through the bedrock, such as those required for the approach to the west abutment,
the overall slope to the cut face may be formed vertical to near vertical (i.e., 1 horizontal to 12 vertical) and
constructed in accordance with MTO’s Special Provision 206S03 for Rock Faces. The use of carefully controlled
drill and blast excavation techniques will be required in order to ensure a neat excavation line and to minimize
face instabilities and long-term maintenance problems. Alternatively, the rock faces could be excavated
mechanically using large hydraulic rock breakers as was done for the section of widening along Highway 401 to
the west of Montreal Street, although there may be some restrictions given the height of the rock cuts. Line
drilling of the rock face prior to mechanical excavation could be used to produce a neat face with minimal
overbreak. Regardless of the method of excavation, mechanical scaling will be required to remove loose rock on
the face which may be created due to the blocky nature of the rock mass and the presence of joint sets sub-
parallel to the cut face. It is also likely that there will be some overbreak associated with the rock faces due to
the joint sets that strike sub-parallel or obliquely to the faces.

The main mechanisms for instability on the existing rock faces are ravelling of loose surficial blocks of rock and
the creation of overhangs which can eventually result in undercut blocks of rock falling. The rock falls along the
section of highway west of the approach to the CNR bridge are mainly the result of poor blasting practices during
original construction which have damaged (fractured) the rock face and ongoing weathering processes,
predominantly ice jacking due to freeze thaw cycles in the winter months which tends to loosen blocks on the
face. When the loosened blocks eventually fall, they sometimes create an overhang above. Eventually the
overhanging blocks may also fall due to further weathering. Where trees are present above the crests of the
rock cuts, the roots of these trees can grow inside the joints in the rock mass forcing the joints open and in some
cases eventually creating unstable blocks.
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To minimize the risk of undercutting the toe of rock cuts, we recommend that a 0.5 m offset be maintained
between the base of the rock cut and the outside edge of the ditch. Alternatively, if space limitations preclude
this offset, consideration could be given to lining the ditch with shotcrete.

6.9.2 Blasting Considerations

The use of controlled blasting techniques in accordance with OPSS 120 may be used for mass excavation for
road widening along the west approach to the CNR bridge. Given the proximity of the existing and new bridge
structure, a separate non-standard special provision should be included to highlight the need to minimize
damage to the rock face, overbreak and fly rock adjacent to the existing and new structure. A sample non-
special standard provision has been prepared and is included in Appendix B.

Above and beyond OPSS 120, the Special Provision includes requirements for:

B Submission of a separate perimeter wall control blast design by the blasting contractor or their blast
consultant in accordance with OPSS 120 detailing the proposed blast methodology for perimeter wall
control blasting within 50 m of new and existing bridge foundations;

B Separate trial blasts using perimeter wall control blast procedures prior to blasting within 50 m of new and
existing structures; and,

B Acceptance of the perimeter wall control blasting methodology by the Contract Administrator following
demonstration that the blast design is adequate to minimize damage to the rock face, overbreak and fly
rock.

Inspection of the rock cut face immediately after blasting should be carried out by qualified geotechnical
personnel retained by the contract administrator in order to assess where scaling | loosened rock removal should
be carried out adjacent to the footings and where additional rock bolting may be required. The rock bolts, if
required, should be 25 mm diameter, galvanized, fully grouted deformed bars, generally 3 m in length.

6.9.3 Subgrade Preparation and Embankment Construction at East Approach

East of the CNR overpass, the existing 10 m high approach embankments will be widened to the north and
south by some 3 to 5 metres, at a slope of about 1.25 Horizontal to 1 Vertical (consistent with the existing side
slopes).

Based on the borehole results, the subgrade soils within the expected depths of excavation will consist of
existing embankment fill materials at each of the foundation elements, underlain by stiff weathered silty clay at
the east pier and limestone bedrock at the west abutment. The area of new filling within 20 m of the east
abutment is expected to be underlain by a thick deposit of silty clay, the upper 6 m of which is a stiff weathered
crust (s, >100 kPa) and the lower 1 to 4 m is firm to stiff (s, >40 kPa). Beneath the silty clay is a thin veneer of
till over bedrock consisting of limestone and arkosic sandstone. Any surficial topsoil, peat, organic matter and
softened / loosened soils should be stripped from within the limits of the new approach embankment filling,
including the existing embankment sideslope and the new footprint. All subgrade soils should be proof-rolled
prior to fill placement.

Construction of the embankment above the prepared subgrade may be carried out using clean granular or rock
fill (in accordance with OPSS 212), depending on material availability. At this site, we understand that rock fill
generated from the widening of Highway 401 west of the CNR overpass will most likely be used as embankment
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fill. From a geotechnical/foundations perspective, this material is preferred for construction of the embankment
widening as it will provide better compatibility with the existing embankment fill materials.

The new embankment fills should be benched into the existing embankment in accordance with OPSD 208.010.
It is likely that the new rock fill can be placed adjacent to the existing embankment fill without the need for
special grading or separation layers between the new and existing materials. If the new rock fill proves to be
significantly coarser than the existing rock fill or the pavement structure, the filter compatibility of the two
materials will need to be assessed to limit the potential for migration of soil particles into voids of adjacent layers.
If the materials are sufficiently dissimilar, there is potential for migration of finer particles which could result in
settlement/sinkholes propagating to the ground surface and the surface of the rock fill layer will need to be
carefully graded and “chinked” or a separation layer placed, before placing any granular fill for the pavement
structure.

Rock fill embankments should be constructed and compacted in accordance with SP206S03. Earth fill or SSM
embankments should be placed in regular lifts with a loose thickness not exceeding 300 mm, and be compacted
to at least 95 percent of the material’'s standard Proctor maximum dry density in accordance with OPSS 539.
The final lift prior to placement of the granular subbase or base courses should be compacted to 100 percent of
the standard Proctor maximum dry density. Inspection and field density testing should be carried out by qualified
personnel during placement operations to ensure that appropriate materials are used and that adequate levels of
compaction have been achieved.

For semi-integral abutments, rock fill should not be placed within the active wedge zone. Rock fill contains
numerous voids into which finer material can migrate due to water action and/or repeated loading. To limit
potential settlement resulting from the migration of finer material, a filter material is required at the transition
between the rock fill and the abutment backfill or other embankment fill. Granular B Type Il (OPSS 1010) meets
the criteria for filtration and drainage and therefore could be used as backfill to the abutment to transition
between rock fill and earth fill embankment.

The permanent slopes of the embankment should be maintained not steeper than 2 horizontal to 1 vertical
(2H:1V) if constructed of granular fill or 1.25H:1V if constructed in rock fill. For soil slopes greater than 8 m in
height and rock fill slopes greater than 10 m in height, MTO requires a 2 m wide mid-slope bench for
maintenance purposes.

To reduce surface water erosion on the embankment, side slopes constructed of earth fill should either be
protected with large diameter rock fill (rip-rap) or seeded and pegged with sod over topsoil

6.9.4 Approach Embankment and Bridge Retaining Wall Stability

With appropriate subgrade preparation and proper placement of granular or rock fill, the up to 10 m high east
approach embankment with side slopes maintained at 1.25 horizontal to 1 vertical, founded on the native stiff
weathered silty clay, will have a factor of safety greater than 1.3 against deep-seated slope instability.

Similarly, the proposed abutment retaining wall and adjacent wing walls, up to 3 m in height, founded on piled
foundations, engineered fill or rock (after removal of the existing fill materials) at the top of the 2H:1V to 3H:1V
abutment slope, will have a factor of safety greater than 1.3 against deep seated slope instability. Local stability
may be improved with the use of geogrid reinforcements.
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Pseudo-static seismic slope stability analyses for the above configurations also indicate that the retaining walls
and embankment side slopes will have factors of safety of greater than 1.1 against deep-seated slope instability
based on a pseudo-static horizontal acceleration, kh, of 0.05g. The results do however indicate that some
shallow sloughing (with factors of safety less than 1.1) could occur of the embankment side slopes during
seismic loading. This sloughing would not however impair the short term use of the structure and is mainly a
maintenance/repair issue. The potential for sloughing could be reduced by providing well vegetated side slopes
or by placing rip rap.

The slope stability analyses for the above embankment and retaining wall configurations were carried out using
the following parameters:

Material Bulk Unit V;/eight Effective Friction Undrained Shear
(KN/m™) Angle Strength (kPa)

Rock Fill or Granular Embankment Fill 21 40° 2(apparent cohesion)
Existing Embankment Fill 20 40° 2(apparent cohesion)
Existing Fill along Railway 20 30°
Weathered Silty Clay 19.7 100
Silty Clay 17.4 40-25
Till 22 Impenetrable by failure surface
Bedrock 24 Impenetrable by failure surface

6.9.5 Approach Embankment Settlement

Settlement of the approach embankment extensions adjacent to the abutments will occur due to compression of
the new embankment fill itself, as well as compression of the existing fill materials, and of the underlying silty
clay at the east approach embankment. Settlements due to compression of the underlying glacial till should be
negligible in magnitude.

Provided that the new embankment fill material consists of Select Subgrade Material or clean earth fill or rock fill,
the settlement within the new and existing travelled lanes due to compression of the new embankment fill itself is
expected to be less than about 25 mm. The use of granular fills for the new embankment construction would
reduce the magnitude of post-construction settlement (likely to less than half that value), since the majority of the
settlement of granular fills will occur during construction.

At the east approach embankment, the embankment fill materials will be (partially) underlain by the existing
embankment fill materials that form the current foreslopes. These existing fill materials can generally be left in
place beneath the embankment widening provided some modest settlement (i.e., less than 25 mm) of the
subgrade can be tolerated. However the subgrade surface should be proof rolled and compacted to at least 95
percent of the standard Proctor maximum dry density. Additional subgrade settlements, in the order of 40 to
60 mm, can be expected due to consolidation of the 4 to 5 m of firm to stiff silty clay which is present below the
embankment fills at the east abutment. The subgrade settlements resulting from compression of the silty clay
are expected to occur within 4 to 6 months such that the post-construction settlements of the embankment
surface would not be expected to noticeably exceed the compression of the embankment fill itself (i.e. 25 mm).
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Given the proximity of bedrock to surface, the relative density of the existing fill and the absence of cohesive
soils, subgrade settlements of the west embankment should be negligible.

The above settlements would occur predominantly within the area of new widening and, to a lesser extent, within
existing portions of the roadway more than 10 m from the median. The settlements would be entirely differential
relative to the existing east abutment structure (which would be supported on deep foundations on bedrock).
These settlement values exceed the usual values acceptable by MTO for the approached to bridges, as shown
in the following table:

Distance from Abutment Tolerable Settlement
Oto30m 10 to 25 mm
30to70 m 25 to 50 mm

70t0 170 m 50 to 100 mm
Greater than 170 m 100 to 200 mm

These settlements will also result in downdrag loads on the new and existing east abutment piles.
The following mitigation options to result settlement at the east abutment have been considered:
1)  Allow settlements to occur and periodically pad and overlay to correct the profile;

2) Pre-load the widening to minimize post-construction settlement

3) Use lightweight fill materials to construct portions of the widening nearest to the abutment;
4) Subexcavate the silty clay to remove the settlement-sensitive material; and,

5) Lowering of the profile grade.

The first three options above are considered feasible and recommendations are provided in the following
sections. Subexcavation of the silty clay is not considered feasible considering the thickness and depth of the
deposit and its location beneath the existing embankment. Lowering of the profile grade is also not considered
feasible due to geometric constraints and existing site features. A summary comparison of the advantages,
disadvantages, relative costs, and risks associated with the feasible options is provided in Table 5. If downdrag
loads on the existing piles are considered tolerable, preloading of the east approach before the installation of the
new east abutment piles is considered to be the preferred option of mitigating settlement in the immediate area
of the bridge abutments and eliminating downdrag on the new piles. If the downdrag loads on the outer existing
east abutment piles exceed structural limits, EPS fill is considered to be the preferred option of mitigating
settlement in the immediate area of the bridge abutments and thus downdrag loads on the existing piles.

Option 1 — Allow settlement to occur. This option would involve allowing the roadway to settle and to accept
the short-term potential impacts of the expected settlements on the roadway performance. It would be planned
to pad and overlay the roadway periodically to reinstate the roadway profile. This option is considered to be
technically feasible but is probably not appropriate considering the high volumes of traffic along this section of
the highway. Both new and existing piles would need to be designed to accommodate the induced downdrag
loads.
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Option 2 — Pre-Loading. For this option, the footprint of the widening would be preloaded with fill to the final
embankment height and allowed to settle in advance of the new piles being installed and the new lanes being
paved and put in-service. As described above, it will require some 4 to 6 months for the excess pore water
pressure to dissipate and the settlements to occur. Pre-loading could eliminate downdrag loads on new piles (if
they were installed through the fill following completion of the pre-loading), but would not reduce the impacts of
downdrag on the existing east abutment piles. As such, if downdrag loads on the existing piles resulting from
the widening of the embankment are too high; pre-loading should only be carried out away from the existing
piles. Also, it may not be feasible to fully preload the area immediately adjacent to the abutment without
constructing some form of flexible retained soil system which would need to be used and disposed of at the
completion of the preload time.

If the required preload times discussed above are not available, consideration could be given to surcharging or
installation of wick drains. However, given the height of the embankment, the depth of the compressible silty
clay layer, and the available space for surcharging, these options are not preferred.

Option 3 — Light weight Fill. Light weight fill materials (such as expanded polystyrene EPS ‘geofoam’ fill) could
be used for portions of the embankment widening to reduce the increase in load in the compressible clay deposit
such that the embankment subgrade settlements would be within acceptable tolerances. This option is
particularly relevant in minimizing downdrag loads on existing east abutment piles, where preloading does not
eliminate settlement (and thus downdrag loads) acting on these piles. Other light weight fill materials have been
considered (i.e. blast furnace slag, tire derived aggregate or cellular/foamed concrete); however, it is considered
that the unit weights of these materials are not sufficiently low to achieve the necessary reductions in final stress
level.

To achieve the necessary reduction of stress increase and meet the previously described tolerable settlements
at the existing east abutment piles, the following EPS thicknesses would be required:

East Approach Embankment Widening (eastbound and westbound lanes):
B Abutment to 10 m back: 2.4 m thick; and
® 10 mto 20 m back: 1.2 m thick.

A Non-Standard Special Provision for the supply and installation of EPS fill should be included in the contract
documents and a sample has been provided in Appendix B of this report.

In general, the widened section of the roadway containing EPS fill would comprise, from bottom to top:

B 3 0.3 metre thick layer of OPSS Granular A as a levelling pad beneath the EPS Geofoam, covered with up
to 100 mm of mortar sand.

B up to 2.4 m thick Geofoam block(s) (e.g. EPS22 in accordance with ASTM D6817-02), having a
compressive strength at 5% strain of at least 115 kilopascals.

B a cover of polyethylene sheeting on the outside surface of the EPS and guard against dissolution of the
EPS in the case of an accidental release and infiltration of fuel (such as could occur in the case of a
collision). The EPS is potentially soluble in hydrocarbons.
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B 3125 mm thick protective concrete slab on the surface of the EPS Geofoam blocks at pavement subgrade
level to distribute wheel loads and protect the Geofoam from overstressing, which could lead to rutting of
the pavement surface.

B A minimum of 800 mm pavement granular thickness (granular base plus subbase) to limit the potential for
premature icing of the roadway due to the insulating properties of the Geofoam.

The EPS blocks should extend for the full width of widening, from the existing edge of granular to within 1 m of
the widened side slope.

6.10 Design and Construction Considerations
6.10.1 Excavations

The excavations for the construction of abutments or cast-in-place retaining wall foundations will extend through
existing and/or new fill materials at all abutment and pier locations, potentially into weathered crust at the east
and west piers, and potentially into bedrock at the west abutment. Excavations should be carried out in
accordance with the guidelines outlined in the latest edition of the Occupational Health and Safety Act (OHSA) for
Construction Activities.

The soils are classified as Type 3 soils according to the OHSA and therefore temporary excavations could be made
with unsupported cut with side slopes no steeper than 1 horizontal to 1 vertical. Temporary excavations for footing
construction extending through the bedrock (e.g. west abutment) may be completed using near vertical sides. For
pier footing construction, temporary excavation support may be required due to rail track protection requirements and
space restrictions. Based on the GA provided and an assumed base of pile cap elevation of 74.4 m, excavations at
the east and west piers could extend up to 5 m below the existing grade in places, and 3.5 m below track level.

Roadway protection, installed parallel to the highway alignment and located within the existing embankment
foreslopes, will likely be required to accommodate the construction staging. Track protection will also likely be
required to accommodate construction of the new east and west pier foundations. Both should be included in
the tender documents, as per current MTO specifications.

6.10.2 Temporary Excavation Shoring

Temporary roadway protection will likely be required to accommodate the construction staging at the east and
west abutments. The roadway protection should be designed and constructed in accordance with OPSS 539.
The lateral movement of the temporary shoring system should meet Performance Level 2 as specified in OPSS
539.

Temporary track protection will be required for construction of the pile caps at the east and west piers. Due to
the proximity of the rail tracks (particularly at the east pier), there is likely insufficient distance to satisfy the
1 horizontal to 1 vertical side slopes requirement for temporary excavations, and therefore a support system will
be required to minimize the movement of the railroad track and to maintain the stability of the existing highway
embankment. The support system at the east pier would be located about 2.5 m or less from the outside rail of
the nearest track to the existing piers at the toe of the existing highway embankment. At the west pier, the
location of the track protection is more flexible, as there is a 6.8 m offset between the existing piers and the
closest railway track.
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Based on previous experience with excavations adjacent to railways, it is recommended that the lateral
movement of the temporary shoring system adjacent to the CNR tracks meet Performance Level 1b as specified
in OPSS 539. The shoring design should also meet the requirements set out in the American Railway
Engineering and Maintenance of Way (AREMA) Manual for Railway Engineering.

The shoring method(s) chosen to support the excavation sides for the east and west pier pile caps must take into
account: the soil stratigraphy, the groundwater conditions, the methods adopted to manage the groundwater,
the permissible ground movements associated with the excavation and construction of the shoring system, and
the potential impacts on adjacent structures. In general, there are three basic shoring methods that are
commonly used in this area:

B Steel soldier piles and timber lagging;
B  Driven steel sheet piles; and,

B Continuous concrete (secant or diaphragm) walls, though much less commonly used than the other two
systems.

These three options are listed in order of generally increasing stiffness and ability to resist ground movements.
Soldier piles and lagging are suitable where the objective is to maintain an essentially vertical excavation wall
and the movements above and behind the wall need only be sufficiently limited so that relatively flexible features
(such as roadways) will not be adversely affected. Where the deflections need to be more strictly limited, such
as where heavily loaded foundations lie within the zone of influence of the shoring, continuous concrete shoring
can be required. Sheet piling provides an intermediate level of stiffness.

For all of the above systems, some form of lateral support to the shoring is required for excavation depths
greater than about 3 m. Lateral restraint can be provided by interior struts connected to either side of the
excavation (if not too distant) or by means of rakers to either piles and/or footings within the excavation. Lateral
support could also be provided by means of tie-backs consisting of either soil anchors or grouted bedrock
anchors, or by means of tie-rods to deadman anchors.

At the east pier, where the existing outside rail of the CNR track is about 2.8 to 2.9 m from the edge of the
existing piers, excavations are expected to extend though variable fill deposits (including some rock fill) overlying
stiff to very stiff weathered silty clay at the base of the excavation at an elevation of 74.3 to 74.8 m. While soldier
pile and timber lagging is technically feasible to install at the east pier, the system is not considered sufficiently
stiff to maintain horizontal displacements at less than 10 mm as specified in MTO’s OPSS 539 and as required
by the railway. A continuous concrete shoring system would also be technically feasible to install, but would be
very costly and likely unnecessary for this project. At this location steel sheet piling, comprised on an internally
braced box for each pier site, is considered most suitable and is the recommended temporary shoring protection
system for construction of the pile caps. Note: Sheet piles may be unable to penetrate boulders in the near-
surface rock fill at some locations and provision should be made for some excavation of the fill material. The
contractor should be alerted to this issue. An NSSP could be included in the contract to address this issue and a
sample has been included in Appendix B for reference. Because the existing piers are supported on piles, it is
not anticipated that temporary excavation adjacent to the pile caps will compromise their ability to support the
existing piers.
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At the west pier, where the existing piers are about 6.8 from the edge of the existing CNR track, excavations are
expected to extend though variable fill deposits (predominantly rock fill, especially closer to the existing toe of
slope) with the base of the excavation within or just above a thin layer of stiff to very stiff weathered silty clay.
Beneath the weathered crust are limestone slabs which were encountered at 73.1 to 73.4 m elevation at
boreholes put down west of the existing west piers. The top of the rock slabs is expected to drop off in elevation
to the east. It is not considered feasible to drive sheet piles into the limestone slabs beneath the weathered
crust and the prevalence of rock fill at the west pier will make advance of sheet piles difficult. Given the
subsurface conditions and the increased offset between the west pier foundations and the existing track, it may
be more feasible to install soldier pile and lagging rather than sheet piling as soldier piles can be more readily
advanced though obstructions in the fill and or limestone slabs and will provide an acceptable level of stiffness.
Above the water table, the temporary excavation for the west piers may be cut at 1 horizontal to 1 vertical.

Roadway protection could conceivably consist of either steel sheet piling or soldier piles and lagging.
To the expected depths of excavation, it is not expected that basal heaving or basal instability will be a concern.

For the rail track protection, the potential for interference with the existing pier foundations (or the rail track
protection from the original construction) and the bridge structure overhead will need to be evaluated.

6.10.2.1 Lateral Earth Pressures for Shoring Design

All temporary shoring should be designed to resist for lateral earth pressures resulting from the weight of the
restrained earth and other dead and surcharge loads (including rail and construction traffic, equipment, or
stockpiled materials). The earth pressure distribution used for shoring design is dependent upon the rigidity of
the specific wall design and on the nature of the lateral support provided. The method of lateral restraint should
be selected by the contractor since it potentially impacts on the construction logistics as well as the construction
schedule.

At the west pier, the depth of shoring will be limited by the presence of limestone slabs and it is considered that
lateral support be provided by means of internal bracing or rakers. At the east pier, additional lateral support
may be realized from passive toe restraint in the underlying weathered silty clay crust. For roadway protection,
lateral restraint could be provided by means of either rakers supported on footings or piles within the excavation
or using tie-backs grouted into the soil or bedrock or fixed to dead-men behind the shoring. Cantilevering of the
shoring might also be feasible, provided the retained height is no more than about 3 m.

Assuming the excavations are made predominantly in granular fill materials, strutted shoring walls should be
designed to resist a rectangular earth pressure distribution. The unfactored rectangular earth pressure
distribution (p in kN/m?; constant with depth), can be calculated as follows:

p=0.65Ks(yH+q)+U+ps

where: K, = 0.36 for level ground behind the excavation wall; K, must be adjusted if there
is sloping ground behind the excavation wall;
Y = soil unit weight, as given in the following table;
H = total height of the excavation;
q = surcharge at ground surface to account for construction traffic,

equipment, or stock piled material;
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U =hydrostatic pressure; and,
Ps =horizontal unit pressure on the wall due to the strip load (rail) loading.

Shoring walls that are not laterally supported, or that are supported using soil anchors or rakers, should be
designed to resist a triangular earth pressure distribution. The unfactored triangular earth pressure distribution
(P in kN/m?; increasing with depth), can be calculated as follows:

P = Ka [(y (H-hw) + (y=yw)hw +Q)] * ps

where: K, = 0.36 for level ground behind the excavation wall; K, must be adjusted if there
is sloping ground behind the excavation wall;
Y = soil unit weight, as given in the following table;
Y =9.81 kN/m®, unit weight of water;
H = total height of the excavation;
hy = the height of the groundwater level above the base of the excavation;
q = surcharge at ground surface to account for construction traffic,

equipment, or stock piled material; and,
Ps =horizontal unit pressure on the wall due to the strip load (rail) loading.

For the east and west pier excavations, the horizontal component of the rail loading will need to be added to the
above earth pressures. As set out in the American Railway Engineering and Maintenance of Way (AREMA)
Manual for Railway Engineering (Section 20.3.2.2), the following expression may be used to compute the
intensity of horizontal unit pressure on the wall due to a uniform strip load parallel to the shoring system:

ps = (2q/m) - (B + sinBsina — sinfcos?a)

where: p; is the intensity of horizontal unit pressure on the wall at any given point due to a
continuous strip of surcharge load parallel to the shoring system;
q is the magnitude of the strip load per unit length (the train load distributed over a
2.4 m wide railway tie);
a is the angle between the vertical excavation and the midpoint of the strip load
(in radians); and,
g is the angle between the near and far edges of the strip load (in radians).

The above expression for strip loading is a modified Boussinesq solution developed by Scott (1963) based on
empirical data. This equation is valid for rigid systems such as the proposed track protection systems at the east
and west piers. The lateral pressures computed are roughly double the values which would be obtained by
elastic equations.

Alternatively, very narrow strip surcharge loads may be considered as line loads. The intensity of lateral
pressure at depth from a line load may be computed based on the semi-empirical formulas presented in Section
20.3.2.3 of AREMA. These formulas, based on the work by Terzaghi and outlined in NAVFAC (1982) also
assume an unyielding rigid wall.

The following table provides soil unit weights to be used in the above lateral earth pressure equations. For
soldier pile and lagging installations, it is expected that the excavation will be fully drained, and bulk unit weights
with no hydrostatic pressures should be used. If an interlocking sheet pile wall is adopted and dewatering of the
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surficial fill is not required, the shoring walls should be designed using effective unit weights (y — y,,) below the
water table and should include a triangular water pressure distribution (U), with the design groundwater level
taken at a depth of 1 m below the ground surface. However, the adequacy of all shoring designs should be
checked for a water level at the ground surface (in the event of a failure of the dewatering system during a period
of high groundwater) and for the fully drained case (in the event of a period of low groundwater or prolonged
dewatering).

Soil Unit Bulk Unit Weight (y)
Surficial Fills 20 kN/m®
Weathered Silty Clay Crust 19.7 kN/m®

Passive toe restraint to the protection system should be determined using a triangular pressure distribution. The
coefficient of passive lateral earth pressure, K, and the bulk unit weight, y, for the soil in front of the piles may be
taken as follows:

Soil Unit Kp Bulk Unit Weight (y)

Fine Rock Fill 3.7 21

Weathered Silty Clay (approx. elev. 74.5 to
72m at east pier)

Lower Silty Clay (below elev. 72 m) 2.9 17.4

2.8 19.7

6.10.2.2  Vibration Monitoring During Installation of Temporary Shoring Protection

Vibration monitoring should be carried out during pier pile installation for the structure widening, to ensure that
vibration levels at the existing piers and abutments are maintained below tolerable levels. As outlined in Section
6.4, a maximum peak particle velocity (PPV) of 100 mm/s is recommended at the existing abutments and east
pier. At the west pier, where there is a significant risk of damage to the existing shallow spread footing
foundations, maximum peak particle velocities should be limited to 50 mm/s to minimize vibrations of foundations
potentially supported on rock slabs. A Non Standard Special Provision for vibration monitoring should be
included in the contract documents and a sample has been included in Appendix B of this report.
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6.10.3 Groundwater and Surface Water Control

The groundwater level is considered to be in the range of elevation 76 to 77 m. Given that the abutment
foundation/pile cap elevations at the east and west abutments are well above the measured groundwater level,
only a modest amount of groundwater/perched water flow is expected at these locations and we anticipate that
groundwater inflow can be adequately controlled through the use of pumping from properly filtered sumps in the
excavations. Excavations for the east and west pier foundations are expected to extend below the groundwater
level and, as such, groundwater inflow to the excavation should be expected, particularly within the fill deposits
below the water table. Provided that pier foundation excavations are shored with sheet piling or similar
temporary structures which would control groundwater-induced ground loss, it is expected that groundwater
inflow can be adequately controlled though the use of pumping from properly filtered sumps in the excavations.
If required, subexcavation of peat and organic material at the east approach embankments could be carried out
subaqueously.

Surficial drainage may be also required around the perimeter of the excavation due to the interference of the
foundation excavations with the existing drainage ditches and pipes.
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7.0 CLOSURE

This report was prepared by Ms. Erin S. O'Neill, P. Eng., under the direction of the Project Manager,
Mr. Michael Snow, P.Eng. Mr. Fintan J. Heffernan, Golder's Designated MTO Contact for this project, conducted
a technical and independent quality control review of the report.

GOLDER ASSOCIATES LTD.
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GRAIN SIZE DISTRIBUTION FIGURE 1
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GRAIN SIZE DISTRIBUTION

FIGURE 2
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GRAIN SIZE DISTRIBUTION

FIGURE 3
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GRAIN SIZE DISTRIBUTION FIGURE 4
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GRAIN SIZE DISTRIBUTION

FIGURE 8
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SUMMARY OF LABORATORY COMPRESSIVE STRENGTH FIGURE 9
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LIST OF ABBREVIATIONS

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

I SAMPLE TYPE
AS Auger sample

BS Block sample

CS Chunk sample

DO Drive open

DS Denison type sample
FS Foil sample

RC Rock core

SC Soil core

ST Slotted tube

TO Thin-walled, open
TP Thin-walled, piston
WS Wash sample

DT Dual Tube sample

IL PENETRATION RESISTANCE

Standard Penetration Resistance (SPT), N:
The number of blows by a 63.5 kg. (140 1b.)
hammer dropped 760 mm (30 in.) required
to drive a 50 mm (2 in.) drive open
Sampler for a distance of 300 mm (12 in.)
DD- Diamond Drilling

Dynamic Penetration Resistance; Ng:
The number of blows by a 63.5 kg (140 1b.)
hammer dropped 760 mm (30 in.) to drive
Uncased a 50 mm (2 in.) diameter, 60° cone
attached to “A” size drill rods for a distance
of 300 mm (12 in.).

PH: Sampler advanced by hydraulic pressure

PM: Sampler advanced by manual pressure

WH: Sampler advanced by static weight of hammer
WR: Sampler advanced by weight of sampler and

rod

Peizo-Cone Penetration Test (CPT):
An electronic cone penetrometer with
a 60° conical tip and a projected end area
of 10 cm” pushed through ground
at a penetration rate of 2 cm/s. Measurements
of tip resistance (Q,), porewater pressure
(PWP) and friction along a sleeve are recorded
Electronically at 25 mm penetration intervals.

1. SOIL DESCRIPTION

(a) Cohesionless Soils
Density Index N
(Relative Density) Blows/300 mm

Or Blows/ft.

Very loose Oto4
Loose 4to0 10
Compact 10 to 30
Dense 30 to 50
Very dense over 50

(b) Cohesive Soils
Consistency Cyor S,

Kpa Psf

Very soft Oto 12 0to 250
Soft 12 to 25 250 to 500
Firm 25t0 50 500 to 1,000
Stiff 50 to 100 1,000 to 2,000
Very stiff 100 to 200 2,000 to 4,000
Hard Over 200 Over 4,000
V. SOIL TESTS
w water content
Wy, plastic limited
w) liquid limit
C consolidaiton (oedometer) test
CHEM chemical analysis (refer to text)

CID consolidated isotropically drained triaxial test'

Clu consolidated isotropically undrained triaxial test
with porewater pressure measurement’

Dr relative density (specific gravity, G)

DS direct shear test

M sieve analysis for particle size

MH combined sieve and hydrometer (H) analysis

MPC modified Proctor compaction test

SPC standard Proctor compaction test

oC organic content test

SO, concentration of water-soluble sulphates

uc unconfined compression test

uu unconsolidated undrained triaxial test

\Y% field vane test (LV-laboratory vane test)

Y unit weight

Note:

1. Tests which are anisotropically consolidated prior
shear are shown as CAD, CAU.

Golder Associates



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

L

T

LIST OF SYMBOLS

GENERAL

=3.1416

In x, natural logarithm of x
logo x orlogx logarithm of x to base 10

~Qme 2

p(Y)
palYa)
PulVa)
Ps(¥s)

Y
Dr

=2 ¢

Acceleration due to gravity
time

factor of safety

volume

weight

STRESS AND STRAIN

shear strain

change in, e.g. in stress: Ac'
linear strain

volumetric strain

coefficient of viscosity

Poisson’s ratio

total stress

effective stress (o' = ¢"-u)

initial effective overburden stress
principal stresses (major, intermediate,
minor)

mean stress or octahedral stress

b (0']"’(52“"0'3)/3

shear stress

porewater pressure

modulus of deformation

shear modulus of deformation
bulk modulus of compressibility

SOIL PROPERTIES
(a) Index Properties

bulk density (bulk unit weight*)

dry density (dry unit weight)

density (unit weight) of water

density (unit weight) of solid particles
unit weight of submerged soil (Y'=y-v,,)
relative density (specific gravity) of
solid particles (Dg= py/p,;) formerly (Gg)
void ratio

porosity

degree of saturation

Density symbol is p. Unit weight
symbol is y where y=pg(i.e. mass
density x acceleration due to gravity)

e = o S

Golder Associates

(a) Index Properties (cont’d.)

water content

liquid limit

plastic limit

plasticity Index=(w;-wy)
shrinkage limit

liquidity index=(w-wy)/1,
consistency index=(w,-w)/l,
void ratio in loosest state
void ratio in densest state
density index-(€max-€)/(€max-Cmin)
(formerly relative density)

(b) Hydraulic Properties

hydraulic head or potential

rate of flow

velocity of flow

hydraulic gradient

hydraulic conductivity (coefficient of permeability)
seepage force per unit volume

(¢) Consolidation (one-dimensional)

compression index (normally consolidated range)
recompression index (overconsolidated range)
swelling index

coefficient of secondary consolidation
coefficient of volume change

coefficient of consolidation

time factor (vertical direction)

degree of consolidation

pre-consolidation pressure

Overconsolidation ratio=c",/G'"y,
(d) Shear Strength

peak and residual shear strength
effective angle of internal friction
angle of interface friction
coefficient of friction=tan &
effective cohesion

undrained shear strength (¢=0 analysis)
mean total stress (c,+c3)/2

mean effective stress (6',+6'3)/2
(0,-63)/2 or (6')-03)/2
compressive strength (6,-63)
sensitivity

Notes: 1. t=c'c" tan |’
2. Shear strength=(Compressive strength)/2



LITHOLOGICAL AND GEOTECHNICAL ROCK DESCRIPTION TERMINOLOGY

WEATHERING STATE

Fresh: no visible sign of weathering

Faintly Weathered: weathering limited to the surface of

major discontinuities.

Slightly weathered: penetrative weathering developed on
open discontinuity surfaces but only slight weathering of rock

material.

Moderately weathered: weathering extends throughout the
rock mass but the rock material is not friable

Highly weathered: weathering extends throughout rock

mass and the rock material is partly friable.

Completely weathered: rock is wholly decomposed and in a
friable condition but the rock texture and structure are

preserved.

BEDDING THICKNESS

Description

Very thickly bedded
Thickly bedded
Medium bedded
Thinly bedded

Very thinly bedded
Laminated

Thinly laminated

JOINT OR FOLIATION SPACING

Description

Very wide

Wide
Moderately close
Close

Very close

GRAIN SIZE

Term

Very Coarse Grained
Coarse Grained
Medium Grained

Fine Grained
Very Fine Grained

Note: *Grains >60 microns diameter are
visible to the naked eye.

O:\ Templates\Rock Description
Terminology

Bedding Plane
Spacing

>2m
0.6 mto2m
0.2mto0.6m
60 mm to 0.2 m
20 mm to 60 mm
6 mm to 20 mm
<6 mm

Spacing

>3 m
1-3m
03-1m
50 — 300 mm
<50 mm

Size*

>60 mm
2 —60 mm
60 microns - 2mm

2 — 60 microns
<2 microns

CORE CONDITION
Total Core Recovery

The percentage of solid drill core recovered regardless of quality
or length, measured relative to the length of the total core run.

Solid Core Recovery (SCR)

The percentage of solid drill core, regardless of length,

recovered at full diameter, measured relative to the length
of the total core run.

Rock Quality Designation (RQD)

The percentage of solid drill core, greater than 100 mm length,
recovered at full diameter, measured relative to the length of the
total core run. RQD varies from 0% for completely broken core
100% for core in solid sticks.

DISCONTINUITY DATA
Fracture Index

A count of the number of discontinuities (physical separations)

in the rock core, including naturally occurring fractures

but not including mechanically induced breaks caused by
drilling.

Dip with Respect to (W.R.T.) Core Axis

The angle of the discontinuity relative to the
axis (length) of the core. In a vertical
borehole a discontinuity with a 90° angle is horizontal.

Description and Notes

An abbreviated description of the discontinuities, whether
naturally occurring separations such as fractures, bedding
planes and foliation planes or mechanically induced features
caused by drilling such as ground or shattered core and
mechanically separated bedding or foliation surfaces.
Additional information concerning the nature information
concerning the nature of fracture surfaces and infillings are
also noted.

Abbreviations

B- Bedding Ca- Calcite

FO - Foliation/Schistosity P - Polished

CL - Cleavage S- Slickensided
SH - Shear Plane/Zone SM - Smooth

VN - Vein R - Ridged/Rough
F- Fault ST - Stepped

CO - Contact PL - Planar

J- Joint FL - Flexured

FR- Fracture UE - Uneven

MF - Mechanical W - Wavy

A- Angular C- Curved

BP- Bedding Plane H- Hackly

BL- Blast Induced SL - Sludge Coated
I - Parallel To TCA- To Core Axis
1 Perpendicular To STR-  Stress Induced

Golder Associates



Foundation Design

MIS-MTO 001 08-1111-0044 GPJ GAL-MISS GDT 12/3/10 DD

g — RECORD OF BOREHOLE No B1 1 oF 1 METRIC
G.W.P. 78-99-01 LOCATION N 4904268.6 ;E 307188.1 ORIGINATED BY _DG
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Continuous pling, BW Casing, Wash Boring COMPILED BY JM
DATUM _Geodetic DATE June 17, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES E' L_E_IJ RESISTANCE PLOT& - NATURAL o . REMARKS
rel 3 PLASTIC \yoiSTURE = L
= o |8 @ 20 40 60 80 100 |MMT  content MMT) SO &
Slegl | B |2E] 2 et} we w w | 5% | cransizE
ELEV DEECTTRTION Eley gl 2 |Eg| 2 |PreARSTRENGTHKPa —_——— DISTRIBUTION
DEPTH 3|3 F | >135 < | o UNCONFINED + FIELD VANE Y %)
=1z z [£°]| © [e QUOCKTRIAXIAL x REMOULDED| WATER CONTENT (%)
87.6 GROUND SURFAGE w 20 40 60 80 100 25 50 75 kwm® |GR SA SI CL
0.0 Sand and gravel, some crushed
stone, trace silt (FILL) 1 55 3
Loose
Brown 87 =
Moist A
2 55 10
B86.4
1.2 Rock fill, some sand and gravel,
trace sill (FILL) 86
Grey brown
Moist
3 WWR({ DD
85 =
4 WWRG DD o
5 AWRM DD
84.3 6 BWWRQ DD
33 LIMESTONE and DOLOMITIC
LIMESTONE (BEDROCK) 84
Fraclured ¢1 pw Rq REC RQD = 49%
Laminated 100%
Medium strong
Grey
Note: REC 83 _
Bedrock cored between 3.3 m €2 BWRQ 100% RODSHE%)
and 6.2 m depth, [
For bedrock coring details refer
to Record of Drillhole B1.
REC 82 B
C3 BW RQ 100% RQD =38%
81.4 4

6.2 End of Borehioie

X 3. Numbers refer lo

3%
e o STRAIN AT FAILURE
Sensitivity



PROJECT: 08-1111-0044

LOCATION: N 4904268.6 ;E 307188.1

RECORD OF DRILLHOLE: B1

DRILLING DATE: June 17, 2009
DRILL RIG: Portable

SHEET 1 OF 1

DATUM: Geodelic

MIS-RCK 001 (08-1111-0044 [ROCK) GPJ GAL-MISS GDT 12/3/10 DD

1:75

INCLINATION: -90° AZIMUTH: ---
DRILLING CONTRACTOR: OGS
o |z | FRIFXFRACTURE F-FAULT SM-SMOOTH _ FL-FLEXURED __ BC-BROKEN CORE

w % o = 35 CL-CLEAVAGE R-ROUGH UE-UNEVEN MB-MECH BREAK

39 Q = s 5 _Ja Wl sH-SHEAR ST-STEPPED W-WAVY B-BEDDING <23 NOTES

oy | @ SESERToN N Z |0E|ef viven S-SLICKENSIDED PL-PLANAR C-CURVED ES = WATER LEVELS

I Q Q = RECOVERY DISCONTINUITY DATA HYDRAULIC |ZZ0| INSTRUMENTATION

= 4 @ [a <

o= 5 = 57| £ [orm | soo DIPwrt conoucTviTy [ 309

o 2 > Z | 8| corex | coren cong axia| TYPE AND SURFACE | , Kemisec,

2 © [T |ss%3|s8%s ggg| DESCRPTION 22 22l
Conlinued from Record of Borehole B1
|
o LIMESTONE and DOLOMITIC ]
- LIMESTONE (BEDROCK) ]
o Fractured c1 .
s 4 Laminated ]
B Medium strong ]
- Grey B .
E c2 :
e 5 E
o c3 ]
- o E
s End of Drillhole I :
- 7 E
B 7
- E
— © g
- 10 :
=l E
— 12 3
n ]
rlRE =
1 E
- ]
s . 3
N 3
o ]
- 16 E
7 E
L E
DEPTH SCALE LOGGED: DG

CHECKED: KSL




Foundation Design

PROJECT _ 08-1111-0044

RECORD OF BOREHOLE No B2

1 oF 2 METRIC

MIS-MTO 001 08-1111-0044 GPJ GAL-MISS GDT 12/3/10 DD

78-99-01 LOCATION N 49042733 ;E 307205.4 ORIGINATED BY HEC
HWY 401 BOREHOLE TYPE _ Podable Equipment, Continuous Sampling, NW, BW, AW, EW Casing, Wash Boring COMPILED BY JM
Geodetic DATE August 26 - September 1, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © ;(J. RESISTANCE PLOT { ouasmic NATURAL - REMARKS
EZ2| o PLASTIC MoisTure VEMEL = T A
5 o L8| @ 20 40 60 80 100 CONTENT z9Q
2| & w =gl 2 3 : o ! ! We w w | 58 | craNsizE
= B . i O |SHEAR STRENGTH kPa
DESCRIPTION =ls & < zZ > = o DISTRIBUTION
§ S E > 8 o <>( O UNCONFINED + FIELD VANE (%)
|z z [£°]| @ | QUCKTRIAXAL x REMOULDED| WATER CONTENT (%)
GROUND SURFACE - 20 40 60 80 100 2% 5 75 GR SA SI CL
Rock FILL
80
Coarse grained rock fill, some
gravel and grey-brown silly clay =
(FILL) 1 BWRQG DD
Moist
2 Lw RG DD I
Silly clay (FILL)
Very stiff 3| Ss 13
\ Grey-brown =
Moisl
Fine grained rock fill, lrace sand, 4 PWRG DD
some grey-brown silly clay (FILL}
oS 5 WWRG DD
: === B
4 6 BWwWRC DD
:
SILTY CLAY (Weathered Crust) 4
Stiff to very stiff A 7 sS 13 |
Grey-brown lo grey #
Moisl 2%
8 S8 72 d-—1
8 S8 28 =]
LIMESTONE SLABS, with some
voids and soil infilling
Grey
10| RC DD
11| RC | DD
Void or loose soil 12| rRC DD
Void or Joose soil
LIMESTONE SLABS, with some B
voids and soil infilling
Grey
Void or loose soil
LIMESTONE SLABS, wilh some 69
\éOIdS and soil infilling 13| re | DD
rey
14 | RC DD
15| RC DD
REC I S e N _
C1| RC 97% RQD =71%

Cantinued Nex| Page

3. Numbers refer to

Sensilivity

03% STRAIN AT FAILURE



Foundation Design

MIS-MTO 001 08-1111-0044 GPJ GAL-MISS.GDT 12/3/10 DD

s Golder
'Associates
i m— RECORD OF BOREHOLE No B2 2 oF 2 METRIC
G.W.P. 789901 LOCATION N 4904273.3 ;E 307205.4 ORIGINATED BY _HEC
DIST HWY 401 BOREHOLE TYPE _ Portatie Equipment, Continuous Sempling, NW, BW, AW, EW Casing, Wash Boring COMPILED BY M
DATUM _Geodelic DATE Augusl 26 - September 1, 2009 CHECKED BY KSL
SOIL PROFILE SAMPLES |, | uw |CESAMIC CONE DENETRATION
U | 2 pLasTic NATURAL  ymyn = REMARKS
MOISTURE
= o | = Z| & 20 40 60 8 100 [T Contenr M1 E S &
S s wisg| z : 4 A : : W w w | 54 | cransizE
ELEV slE| ¢ |2 |25| 2 [SHEARSTRENGTHKPa I 0 e
DEPTH DESCRIPTION 13| £ | 5|33 £ |o unconrneD  + FIELDVANE Y )
A z |€°| & |e quickTRIAXAL x REMOULDED[ WATER CONTENT (%)
— CONTINUED FROM PREVIOUS PAGE — w 20 40 60 80 100 25 50 75 wm® |GR sA s oL
85.2 LIMESTONE (BEDROCK) RZ7ZIc1| RC RQD = 71%
15.2 Fresh ot
Thinly bedded o
Weak c2| re | REC RQD = 13%
Greenish-grey
64.3 LIMESTONE (BEDROCK) N
16.1 Fresh lo weatherad
Thinly bedded
Weak ca| re | REC 64 RQD = 55%
Greenish-grey and reddish-grey i
LIMESTONE (BEDROCK)
63.2 Frgsh
17'2 Tv'\t’unlz bedded REC
ea — o
R c4| RC | 100% 63 RQD = 83%
62.6 LIMESTONE (BEDROCK) 7
179 Fresh
Thinly bedded
Medium strong
Grey
Nole:

Bedrock cored between 14.3 m
and 17.9 m depth.

For bedrock coring details refer
to Record of Drillhole B2.

End of Borehole

Note:

Waler level in well screen
at 4.3 m depth (Elev. 76.1)
on Sept. 29, 2009

+3 %3, Numbers refer 1o

per 03% STRAIN AT FAILURE
Sensitivity



PROJECT: 08-1111-0044

LOCATION: N 49042733 E 307205.4

RECORD OF DRILLHOLE: B2

DRILLING DATE: August 26 - September 1, 2009

DRILL RIG: Portable

SHEET 1 OF 1

DATUM: Geodetic

AR RRARARERLE R

LA R S L B

21

22

23

24

25

28

27

28

29

INCLINATION: -90° AZIMUTH: -
DRILLING CONTRACTOR: OGS
[a) i =| FRFX-FRACTURE F-FAULT SM-SMOOTH ~ FL-FLEXURED  BC-BROKEN CORE

W % 8 = 5| cLcLeavace R-ROUGH UE-UNEVEN MB-MECH. BREAK

Sa ] | oy E’ SH-SHEAR ST-STEPPED  W-WAVY 8-BEDDING <95 NOTES

2 lﬁ:J o DESCRIPTION g ELEV. ; ‘8 E | VN-VEIN S-SLICKENSIDED PL-PLANAR C-CURVED Eg% WATER LEVELS

,:E & % g DEPTH| S |# E RECOVERY DISCONTINUITY DATA HYDRAULIC | =2 & INSTRUMENTATION

i =3 = (m) Bl 7 ToTAL | sop DIPw.rl CONRUCTIVITY)) |~ O 2

= E % & GORE % | CORE % core Axis| TYPE AND SURFAGE |, K, omiseg,

x = o DESCRIPTION 55565
88%R | 8888 RBE v ~ v |~
Conlinued from Record of Borehole B2 66.10
- LIMESTONE (BEDROCK) 14.30 ]
- Fresh E
C Thinly bedded c1 E
T Weak =
o | Greenish-grey 6520 ]
g LIMESTONE (BEDROCK) 1529 3
- Fresh to weathered o2 ]
» Thinly bedded ]
- Weak ]
= IS Greenish-grey and reddish-grey 8430 =]
E LIMESTONE (BEDROCK) il ]
s Fresh ca .
- Thinly bedded i
- Weak ]
— 17 Reddish-gre: =
- orey ¢ (k) ]
- LIMESTONE (BEDROCK) 1720 E
a Fresh ca .
- Thinly bedded ]
s Medium strong 62.50 |
— 18 \Grgy 17.90 =
= End of Drilihole |
— 10 _
20 _

vorrrybaas e b b b s

T TN RN FEW TR RRIT N FR W)

MIS-RCK D01 08-1111-0044 (ROCK).GPJ GAL-MISS.GDT 12/3/10 DD

DEPTH SCALE

1:

LOGGED: HEC
CHECKED: KSL




MIS-MTO 001 08-1111-0044.GPJ GAL-MISS GDT 12/3/10 DD

Foundation Design

Sensilivily

-Golder
Associates
FEENEE g o RECORD OF BOREHOLE No B3 1 oF 2 METRIC
G.W.P. 789301 LOCATION N 4904280.6 ;E 307230.6 ORIGINATED BY _DWM
DIST HWY 401 BOREHOLE TYPE _ Porlable Equipment, Continuous Samgpling. EW Casing, Wash Boring COMPILED BY JM
DATUM Geodetic DATE Seplember 2-10, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES w
& g [RESISTANCEPLOT —— pLasTic NATURAL | jquip 3 REMARKS
E2| o LT MOISTURE - “rrl £ 5§ &
5 o |$8| @ 20 40 60 80 100 CONTENT z 9
el 5 El z el We w w | 32 | cransize
v o|g| o 3 125 @ |SHEAR STRENGTH kPa
ELE DESCRIPTION =l = & < =z = 0 DISTRIBUTION
DEPTH <3 = > 13 2 < |o UNCONFINED + FIELD VANE ¥ %)
= Z [£°] © |e QUICKTRIAXIAL X REMOULDED) WATER CONTENT (%)
773 GROUND SURFACE w 20 40 60 80 100 25 50 75 kN/m* |GR SA SI CL
0.0 Organic matler, cinders and
asphalt pieces, lrace sand and 1 sS 4 77
grave! (FILL}
Very loose to loose
Grey lo black $
Dry 4 2| SS 4 =
761 s
1.2 Silty clay, trace sand and gravel 78— ]
{F!LU 3| ss| 5
0o0se
7?: Brown
: Moist 3 S i
Silty clay, trace rcotlets (FILL
74.8 e i) 75
24 Dark grey %4
Moist A 5 | ss | 13
SILTY CLAY, occasional silly sand e
seam (Weathered Crust) gk
Siff to very sliff 28 74)——— —
Grey-brown to brown E/;j 8 |y S5 1Y) 28
Moist wée
wane
,5’; 7| 8s | 40
% 73
(449
f:;f 8 SS 23 o]
] [
)
el o | ss | 11 L,
—_ %% 72
55 SILTY CLAY 27
Sliff Lo firm ‘4 10| ss 5 o
Grey z?’ﬁ:
Wet gr:
74 7
il 11| ss | 3 b
9%
]
[
w77 X +
nee 70
X +
%
g
L
12| ss 69 )
4] f’._
1]
443
ff/,:
/’, X +
68.1 A ® +
9.1 SILTY CLAY, occastonal silty sand %% 68 =
seam ] 13| TP
Stiff GUs
Grey 7
Wet X +
i

66.9 [l 67
Silty SAND, trace gravel, some iy 14l S5y 26

66.6 clay (TILL) V .

10.7 Compact
Grey-brown 15| 88 22
Wet
Silty SAND, some gravel, trace 66 1T
clay, occasional weathered 16| SS 38

65.5 bedrock fragments (TILL)

1.8 Compact REC al
B 1| RC | o | RQD = 0%
et REC 85| —1— —t——{ —

LIMESTONE and DOLOMITIC C2| RC | 7o RQD = 0%
LIMESTONE (BEDROCK)
Fresh to slightly weathered REC
Thinly bedded C3| RC M% RQD = 18%
Grey
- cal| re ng 84}~ RQD = 0%
QOccasional very lhin soil seams in
g:g'rgck from about 12.8 to 14.0m cs| re };:E"/cq RQD = 65%
63.0 7] -
14.3 Gs | RC | L€ 63 . — RQD = 0%
REC -
1C7| RC 100% RQD =77%
Z
Continued Next Page 5 3. Nomb ‘ .
+3,x3; Numbersreferio 3% grpaiN AT FAILURE



MIS-MTQ 001 08-1111-0044.GPJ GAL-MISS GDT 12/3/10 DD

Foundation Design

() Golder
LAssociates
PROJECT B 1TsicBas RECORD OF BOREHOLE No B3 2 oF 2 METRIC
G.W.P.  78-9901 LOCATION N 4904280.6 :E 307230.6 ORIGINATED BY _DWM
DIST HWY 401 BOREHOLE TYPE _ Portable Equipmenl, Continuous Sampling, EW Casing, Wash Boring COMPILED BY JM
DATUM _Geodetic DATE September 2-10, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W |RESISTANCE PLOT NATURAL REMARKS
Weg,| < PLASTIC LIQUID =
Lzl 9 umr - MOISTURE . Frgel £ &
[~y o |8 @ 20 40 60 80 100 CONTENT z9
Sl w =] =z 2 : : . ' Wp W w | 58 | GRANSIZE
ELEV o a112a O |SHEAR STRENGTH kPa
L DESCRIPTION =12 & < | =2 = — DISTRIBUTION
DEPTH |3 | > |38| < [o UNCONFINED  + FIELD VANE . Y %)
== z |2C| § [e QUICKTRIAXAL x REMOULDED| WATER CONTENT (%)
—- CONTINUED FROM PREVIOUS PAGE — w 20 40 60 80 100 25 50 75 Wm® |GR sA sI cL
ARKOSIC SANDSTONE REC =
61.8 (BEDROCK) N C7| RC 100% 62 RQD =77%
154 Fresh
: Fine to coarse grained
Medium strong
Grey
Note:
Bedrock cored between 11.8 m
and 15.4 m depth.
For bedrock coring details refer
to Record of Drillhole B3,
End of Borehole
Note:
Water level in well screen
at 0.9 m depth (Elev. 76.4)
on Sepl. 29, 2009.
1
| ‘
|
|
+ 3‘ % 3. Numbers refer lo o 3% STRAIN AT FAILURE

Sensilivity



PROJECT: 08-1111-0044

LOCATION: N 4904280.6 ;E 307230.6

RECORD OF DRILLHOLE: B3

DRILLING DATE: September 2-10, 2009

DRILL RIG: Portable

SHEET 1 OF 1

DATUM: Geodetic

INCLINATION; -90° AZIMUTH: --—-
DRILLING CONTRACTOR: OGS
) |z FRFX-FRACTURE F-FAULT SM-SMOOTH  FLFLEXURED  BC-BROKEN CORE
w - Q o [25| cL-cLEAVAGE  J-JOINT R-ROUGH UE-UNEVEN MB-MECH. BREAK
- Q o] = = =
o | Q 3 o |% _|plw| sH-sHEAR P-POLISHED  ST-STEPPED  W-WAVY B-BEDDING 225 NOTES
o L — O | ELEV. | 2 QE[Oaf v-vEN S-SLICKENSIDED PL-PLANAR C-CURVED Eg = WATER LEVELS
Io| 2 Q |pepTH By RECOVERY FRACT DISCONTINUITY DATA HYDRAULIC | S2i§|  INSTRUMENTATION
o= | 5 = o RQD. | |NpEX CONDUCTMITY | 502
o = s m 2| 5| o | omew | * | PEroa |cdreuis| TYPE anD sURFACE |, K omisec 9
& = CORE% | CORE % CORE XIS ) %
x & w |2 DESCRIPTION HLHHD
o T 133298|8898|889R|w22R|a8 S22 lave
Conlinued from Record of Borehole B3 65.50 |
E- LIMESTONE and DOLOMITIC 1180[ ¢, E
- LIMESTONE (BEDROCK) -1 ]
L Fresh to slightly weathered ]
F Thinly bedded = -
5 Grey ]
SR Note: . -]
- Qccasional very thin soil seams in ]
- bedrock from about 12.8 to 14.0m depth. c4 3]
: cs ]
E =
- 63.00 ]
B ARKOSIC SANDSTONE (BEDROCK) 14.30| €6 ks -
- Fresh |
- Fine to coarse grained B
— 15 Medium strong c7 —
2 Grey B
: 61,90 RN :
- End of Drillhole 15.40 =
— 16 3
— 17 E
— 18 E
- o .
— 20 E
21 E
— 22 ;
— 2 =
— 24 3
|- 25 <
26 :

LR AR RE LA

MIS-RICK 001 08-1111-0044 (ROCK).GPJ GAL-MISS GDT 12/3/10 DD

DEPTH SCALE

1

:75

LOGGED: DWM
CHECKED: KSL




MIS-MTQ 001 08-1111-0044 GPJ GAL-MISS GDT 12/3/10 DD

Foundation Design

— el RECORD OF BOREHOLE No B4 1 0F 2 METRIC
GW.P. 789901 LOCATION N 4904295.2 ;E 307258.3 ORIGINATED BY DG
DIST HWY 401 BOREHOLE TYPE _ Power Auger, 108mm Diam. Hollow Stem COMPILED BY JM
DATUM _Geodetic DATE June 12, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES uy
g, 3 RESISTANCE PLOT — pastic MATURAL qup| = | REMARKS
= o 25| @ 20 40 60 80 100 [MMT  content UMT| 5O 5
=l I wil=sg] z k k L = Wo w w | 54 | crRANSIZE
ELEV o lm| B 2 12a| @ [|SHEARSTRENGTH kPa
===y DESCRIPTION =l s & < ER- = ———————— DISTRIBUTION
DEPTH <3 F | 3 [38| £ |o UNCONFINED  + FIELD VANE Y %)
=il = z |€£S| @ |e cuickTRAXIAL x REMOULDED| WATER CONTENT (%)
864|  GROUND SURFACE . 20 4 60 80 100 » % 75 KNm® |GR SA Sl CL
Bg? ASPHALTIC CONCRETE
Crushed stone (FILL) Al 86
04 \Gre
24 2 [GRAB
85.5 Moist
0.9 Sand and gravel (FILL)
Brown 3 Ss 5 0
Moist 85
Layered silty sand and silly clay,
with gravel and rock fill (FILL)
Loose to compact 41 ss 7
Grey-brown
Moist
84
5 SS 5 [o] 51 30 14 5
6 SS S) 83
2—1— =
7 S8 1"
81
8| 55| 15 80
79 =
9 S8 27 o
78
10) ss | 14 77 =
76
11| 88 27 [e] 76 19 3 2
75 T
74.2
12.2 SILTY CLAY (Weathered Crusl) A #
Stiff to very sUiff i 12| ss | 15 74 ?
Grey-brown #
Moist
LA 1
497
4] 73
5%
;.l'
”
;?2 13|88 | 23
:/
7 —— -
ﬁf’;
#1242
Continued Next Page 5 N ¢ o
43,% 3. Numbersreferto 3% grpaiy AT FAILURE

Sensilivity



MIS-MTO 001 08-1911-0044 GPJ GAL-MISS GDT 12/3/10 DD

Foundation Design

Sensitivily

. RECORD OF BOREHOLE No B4 2 oF 2 METRIC
G.W.P.  78-99-01 LOCATION N 4904295.2 ;E 307258.3 ORIGINATED BY _DG
DIST HWY 401 BOREHOLE TYPE _ Power Auger, 108mm Diam. Hollow Slem COMPILED BY JM
DATUM _Geodelic DATE June 12, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES % |-_|,J RESISTANCE PLOT& NATURAL i REMARKS
ol < PLASTIC LIQUID
Fzl| © umr  MOISTURE - Pl £ &
= n |£8]| @ 20 40 60 80 100 CONTENT =z 9
= I B =2l z : s A . . W w w | 54 | crANsiZE
ELEV DESCRIPTION "-1- ) 2 S5 8 SHEAR STRENGTH kPa _ — DISTRIBUTION
DEPTH =3 F | > |38| < |© UNCONFINED ~ + FIELDVANE Y (%)
= e z [€°| L |® QUICKTRIAXIAL X REMOULDED WATER CONTENT (%)
— CONTINUED FROM PREVIOUS PAGE ~- w 20 40 60 80 100 25 80 75 kN/m® |GR SA SI CL
SILTY CLAY (Weathered Crust) vris
Sliff to very siiff %97 -
e ] 14| ss | 8 le— 0 1 47 82
(4]
14
v
95%
- 70
]
]
”
) 15 ss | 13
A
nee 69
ane
/;f
wend
68.1
183 SILTY CLAY /) 68 =
Firm to stiff w7 X +
féa;
Wet 5% X +
427
6944
16 TP WH e 0 0 56 44
v 67—1—
FLAAA
’
A 17| TP | wH
[
Y
66 =
"//-r X +
grre
4
v
o %
el 18| ss | wh
75
64.2 775
22.3 Silly SAND, some gravel, trace v 64
clay, with cobbles and boulders i
(TILL) :
Compact ; !
Grey ‘.1 19 | SS B5/0.29 [o] 13 50 30 7
63.1 Wet #
62.8 g{h:ESTONE (BEDROCHK) k 20 [IN@RC| DD 63— t—f—
20 ARKOSIC SANDSTONE .
(BEDROCK) C1 |NQ RC| 100% RQD = 868%
Fresh °
Fine to coarse grained ]
Medium strong 62
Grey, red and greenish grey
Note: REC N
Bedrock cored between 23,6 m C2 INQRCY 4550, RQD = 84%
and 25.9 m depth 61 _
For bedrock coring details refer
1o Record of Drillhole B4.
60.5 A
259 End of Borehole
+3. 3. Numbers refer to 0 3% STRAIN AT FAILURE



PROJECT: 08-1111-0044

LOCATION: N 49042952 ;E 307258.3

INCLINATION: -90° AZIMUTH: -

RECORD OF DRILLHOLE: B4

DRILLING DATE: June 12, 2009
DRILL RIG: CME 75
DRILLING CONTRACTOR: Marathon Drilling

SHEET 1 OF 1

DATUM: Geodetic

DEPTH SCALE
METRES

DRILLING RECORD

DESCRIPTION

FR/IFX-FRACTURE F-FAULT SM-SMOOTH

COLOUR

% RETURN

FL-FLEXURED
UE-UNEVEN

ST-STEPPED W-WAVY
S-SLICKENSIDED PL-PLANAR

C-CURVED

BC-BROKEN CORE
MB-MECH BREAK
B-BEDDING NOTES

WATER LEVELS

SYMBOLIC LOG

RUN No
PENETRATION RATE

{m/min}

DISCONTINUITY DATA

HYDRAULIC INSTRUMENTATION

FLUSH

DESCRIPTION

TYPE AND SURFACE

DIAMETRAL
POINT LOAD
INDEX (MPa)

CONDUCTIVITY
K, cmisec
T o

AL S
o o0 o coQ
= v

2
a4

TV

™ T T

24

5

26

27

28

29
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31
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T
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35
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37

38
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Continued from Record of Borehole B4

ARKOSIC SANDSTONE (BEDROCK)
Fresh

Fine to coarse grained

Medium strong

Grey, red and greenish grey

C1

Cc2

End of Drillhole
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MIS-RECK 001 08-1111-0044 (ROCK).GPJ GAL-MISS GDT 12/3/10 DD

DEPTH SCALE

1:

LOGGED: DG
CHECKED: KSL




0 DD

MIS-MTO 001 08-1111-0044 GPJ GAL-MISS GDT 12:3/

Foundation Design

e RECORD OF BOREHOLE No B5 1 oF 1 METRIC
GW.P.  78-99-01 LOCATION N 498043024 ;E 307197.7 ORIGINATED BY DG
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Continuous Sampling, BW Casing, Wash Boring COMPILED BY JM
DATUM _Geodetic DATE June 18, 2009 CHECKED BY KSL
SOIL PROFILE SAMPLES | o w R L NCTTUATION
— Wyl = pLASTIC WATURAL  Liquip = REMARKS
—
= w |22 8 20 40 60 80 100 [|UMT  Content UMT| 5 & &
a1 & wil=gE| = : - - . i Wp w w | 24 | GRANSIZE
ELEV o |m| & 3 |les| © |SHEAR STRENGTH kPa
DESCRIPTION R EEE R e BISTRIECION
DEPTH é =) i > 8 o ; O UNCONFINED + FIELD VANE 'Y (%)
£l z [€°| © |® QUICKTRIAXIAL x REMOULDED WATER CONTENT (%)
87.8]  GROUND SURFACE bl 20 40 60 80 100 25 50 75 kN/m® [GR SA SI CL
0.0 Sand and gravel, trace silt (FILL)
Loose to compact 1 SS 6
Grey-brown
Moist
87
2 S8 4 o 45 43 10 2
3 8s 15
86.0 86
1.8 Rock FILL
Grey 4 WWR(G DD
85.4
2.4 LIMESTONE and DOLOMITIC c1 pwRrd FEC RQD = 0%
LIMESTONE (BEDROCK) 100%
Fractured 85
Medium [aminated C2 BW Rd REE: RQD = 0%
Weak o medium slrong 100%
Grey
Note: 84} = BEE—
Bedrock cored between 2.4 m REC =
and 5.7 m depth. C3 BWRQ 100% RQD = 43%
For bedrock coring details refer
to Record of Drillhole B5,
83 == —
REC =
C4 BW Rd 100% RQD = 25%
82.0
57 End of Borehole

+ 3‘ X 3. Numbers refer lo

3%
o O~ STRAIN AT FAILURE
Sensitivily



PROJECT: 08-1111-0044 RECORD OF DRILLHOLE: B5 SHEET 1 OF 1

LOCATION: N 4904302.4 ;E 307197.7 DRILLING DATE: June 18, 2009 DATUM: Geodetic
DRILL RIG: Portable

MIS-RCK 001 08-1111-0044 (ROCK) GPJ GAL-MISS.GDT 12/3/10 DD

INCLINATION: -90° AZIMUTH: —-
DRILLING CONTRACTOR: OGS
) | FRIFX-FRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED  BC-BROKEN CORE
= =
u ¥ Q £z E CL-CLEAVAGE  J-JOINT R-ROUGH UE-UNEVEN MB-MECH BREAK
3ol g 3 5 |S _[atl] sn-sHEAR P-POLISHED  ST-STEPPED  W-WAVY B-BEDDING 297 NOTES
o | DESCRIPTION ‘j) ELEV. | 2 e £[“e] vnven S-SLICKENSIDED PL-PLANAR C-CURVED ES = WATER LEVELS
Iw) g O |pepth| 5 |2E RECOVERY FRACT DISCONTINUITY DATA HYDRAULIC | =2 |  INSTRUMENTATION
S (= D el RQD CONDUCTMITY | 262
o 5 S| m W | & | vom | soun % INDEX | oiP w1 K, cmisec Zt=s
o 2 5 Z | 2| coren | coren PER 03 |come Ais| TYPE AND SURFACE |, K cmisec,
[ O = ol caoal one DESCRIPTION bbb D
BEFR| 3398|8898 | PR | o8 BE v e v |ava
Conlinued from Record of Borehole BS 85.40
LIMESTONE and DOLOMITIC 2.40) o4 .
LIMESTONE (BEDROCK) ]
Fractured N
3 Medium laminated c2 =
Weak to medium strong ]
Grey ]
A c3 =
g A e g
- N 82,10 1
H End of Drillhole 570 :
=R —
— 7 E
. & E
- m
B ]
= 3
- 10 -
— 11 E
- 12 E
. =
- ]
[~ 14 -
15 E
— 16 E
k= e
DEPTH SCALE LOGGED: DG

1:75

CHECKED: KSL




Foundation Design
= Golder
Associates

MIS-MTQ 001 08-1111-0044 GPJ GAL-MISS GDT 12/3/10 DD

PROUECT 0811110004 RECORD OF BOREHOLE No B6 1 oF 1 METRIC
G.W.P._ 78-99-01 LOCATION N 4904304.2 ;E 307204.2 ORIGINATED BY DG
DIST HWY 404 BOREHOLE TYPE _ Portable Equipment, Continuous Sampling, BW Casing, Wash Baring COMPILED BY JM
DATUM _Geodelic DATE June 17, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES e ﬂ RESISTANCE PLOT & NATURAL . REMARKS
Eel & PASTC voisTure MR = T h
= v |£5]| & 20 40 80 80 100 CONTENT z 0
9| w|=2| z T we w w [ SE | craNsizE
lm| W 21258 2 |SHEARSTRENGTH kPa
ELEY. DESCRIPTION = < =z = —— DISTRIBUTION
DEPTH s|5| F| > |38| 5 |o UNCONFINED  + FIELDVANE v %)
sz z [£°| @ |e QUICKTRIAXIAL X REMOULDED WATER CONTENT (%)
875 GROUND SURFACE w 20 40 60 80 100 25 50 75 kNm® |GR SA SI CL
00 Sand and gravel, trace silt (FILL)
Compact 1 sS 13
Brown 87 |
ng Moist
! Silly sand, some gravel, trace clay
and rootlets (FILL) %] 2| S| 4
Loose
Grey
85.9 Moist 86
1.6 Rock FILL 3 AWRG DD
Grey
4 AWRQ DD
’ 85
84.7 1 5 pAwRd DD
= Wood (FILL) 2
' Cobbles and boulders (FILL) 4 6 AWR({ DD
W 7 AWRCQ DD L=t B |
83.8 : e 84
37 DOLOMITIC LIMESTONE 1 Bw Rd RQD = 55%
(BEDROCK) e 100% =
Fraclured
Laminated REC .
Medium slrong c2 BWRd 4555, 83 RQD =14%
Grey
8256 7=
49 LIMESTONE {BEDIROCK)
Fresh c3 pwRrg REC RQD = 78%
Medium bedded 100%
Medium slrong 82
Grey
Note: REC —a19
Bedrock cored between 3.7 m G4 BWRA 100% RADISS1%
and 6.7 m depth.
80.8 For bedrock coring details refer ‘é 81
57| o Record of Drillhole B6 L

End of Borehole

+ 3 X 3. Numbers refer to

. Ben 0 3% STRAIN AT FAILURE
Sensitivity



PROJECT: 08-1111-0044 RECORD OF DRILLHOLE: BG SHEET 1 OF 1

LOCATION: N 4904304.2 E 307204.2 DRILLING DATE: June 17, 2009 DATUM: Geodetic
DRILL RIG: Portable

0 DD

MIS-RCK 001 0B-1111-0044 (ROCK) GPJ GAL-MISS GDT 12/

INCLINATION: -90° AZIMUTH: ---
DRILLING CONTRACTOR: OGS
a W ez FRFX-FRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED  BC-BROKEN GORE

w '3 8 L |@3| CLCLEAVAGE  J-JOINT R-ROUGH UE-UNEVEN MB-MECH BREAK

3o Q i S | sH-SHEAR P-POLISHED ST-STEPPED W-WAVY B-BEDDING 25 NOTES

o | ® DESCRIPTION O |ELev. | =2 O E[“i| VN-VEIN S-SLICKENSIDED PL-PLANAR C-CURVED ES g WATER LEVELS

Il g Q |oEPTH =G RECOVERY FRACT DISCONTINUITY DATA HYORAULIC | =23 |  INSTRUMENTATION

w=| 3 | m |Zla |z [ Tom [ som RGD | moex o coNpucTvITY | 562

o] n::l % Z | 8| cores | coren PER 0.3 |pose TYPE AND SURFACE | , K,;I'Cf“;s““,

o © |@|ggea|ssea|seen|.omr|oges| PRI Joo9 e |,
Continued from Record of Borehole B6 83.80
- DOLOMITIC LIMESTONE (BEDROCK) 370 ¢4 ]
— 4 Fractured -]
- Laminated E
u Medium strong c2 7
- Grey 7
: 7 mas0
|- & LIMESTONE (BEDROCK) 4.90 o
. Fresh c3 ]
[ Medium bedded EER EER 9
o Medium strong ]
o Grey ]
= /6 c4 B
3 74 _eos0 =
- End of Drillhole 670 5
= 7 =
= E
o ]
- .
- o E
- 10 E
— 11 5
— 12 E
= -
— 14 3
— 15 ;
- o .
- ]
- 7 B
- .
18 :
DEPTH SCALE LOGGED: DG

1:75 CHECKED: KSL




Foundation Design

Sensitivity

1 OF 2
SEOUEET - T RECORD OF BOREHOLE No B7 oF 2 METRIC
GW.P.  7899-01 LOCATION N 4904318.2 :E 307227.7 ORIGINATED BY _DG
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Continuous Sampling, AW, BW Casing, Wash Boring COMPILED BY JM
DATUM _Geodelic DATE June 19, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES x W |RESISTANCE PLOT N ATORAL = REMARKS
I e wotne URl B | g
= v |£8]| @ 20 40 60 B0 100 CONTENT Z 2
2| & ud=gl = : ! l : L Wp w w | 54 | cransizE
L lm A 2 12a O |SHEAR STRENGTH kPa
LB DESCRIPTION = & < | E = ™ eS| DISTRIBUTION
DEPTH SIS~ | > [38] = [o uNconFiNeD  + FIELD VANE Y %)
= o
Elz z |ZO| © [e QUIKTRIAXIAL x REMOULDED| WATER CONTENT (%)
79.7 GROUND SURFAGE w 20 40 60 80 100 25 50 75 kN/m® |GR SA SI CL
0.0 Sand and gravel, trace silt (FILL)
Compact 1] ss | 28
Grey-brown
89| Mot 2 | S5 pain.20 79
Rock FILL =1 3 WWRO DD
1.0 Grey £
Silly sand, some gravel, trace clay, '
with cobbles and boulders (FILL) 4 4 pPWRQG DD
Compact . 78 [
Grey-brown 4
Moist to wet
5| SS 16 o
6 | SS 15 77
7 S8 16 o
75.9 761—— I
3.8 Silt, some clay, lrace sand (FILL} 8 ss 17 2 0" g4
Grey-brown
Wet
75.2
4.6 Silty sand, with cobbles and 9yl _ss & 75 =
boulders (FILL) T
Grey 10 AW RC DD
74.4 Wet
53 SILTY CLAY, trace gravel # 11| SS |70.18 D
(Wealhered Crusl) el
Very stiff //51 12| ss 26 74 %
Grey-brown %
73.4 P 13 | ss [11/0.29 j——
731 LIMESTONE SLABS
VOID or loose soil 4 law 73
727 14 W RQ DD
LIMESTONE SLAB
723 ]
7.4 VOID or loose soil
15 AW RQ DD 721
71.7
714 LIMESTONE SLAB N 108
VOID or loose soll
71.0
LIMESTONE SLABS 17 lawrd DD Il &
70.6
703 VOID or loose soil
LIMESTONE SLABS N
VOID or loose soil 18 W R{ DD 70
69.6 LIMESTONE SLABS N
VOID or loose soil »= 19 AW RG DD
o VOID or loose soil
ol 105 From 6.3m to 12.2m depth: A .
‘O_ Lo —_— —
@ LIMESTONE SLABS, with 20 AW R({ DD
N numerous voids and occasional
— inclined bedding planes
a Grey
()
] 21 AW RG DD 68— = ===
3| 676 2
<< 122 Grey COBBLES, BOULDERS and
& red brown SILTY CLAY
o 22 EWR({ DD -
g 67
<
<
Q
o 23 EWR({ DD
b= 13.4 LIMESTONE (BEDROCK) REG
)y Fractured — =42.39
& - Medium strong C1 EWRQ g0 66 RQD = 42.3%
- : Gray to reddish brown cn-rme—REG =%
5 5 Yy o2 EWRG S
o C3 EW R REC RQD = 0%
E 7 76.3%
& REC 65 — -
& C4 EWRQ 4500, RQD = 58.1%
Continued Next Page f
+ 3| X 3. Numbers refer to o 3% STRAIN AT FAILURE



MIS-MTO 001 08-1111-0044 GPJ GAL-MISS GDT 12/3/10 DD

Foundation Design

Sensitivity

j=Golder
SASSOCIALeS
N RECORD OF BOREHOLE No B7 2 oF 2 METRIC
G.W.P.  7899-01 LOCATION N 4904318.2 ;E 307227.7 ORIGINATED BY _DG
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment, Continuous Sampling, AW, BW Casing, Wash Boring COMPILED BY JM
DATUM _Geodetic DATE June 19, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES @ E RESISTANCE PLOT NATURAL = REMARKS
ui ¢ < PLASTIC LU0 =
E 2 S LT MOISTURE = 8
= w |25 & 20 40 60 80 100 CONTENT z9
215 wl=gl z e Wp w w | 58 | cransize
ELEV ol m o O 25 O |SHEAR STRENGTH kPa
o= DESCRIPTION s & 2|22 & —o— DISTRIBUTION
DEPTH &( 5 ﬁ > 8 ol <>( O UNCONFINED + FIELD VANE 'Y (%)
£z z [€C] © |e QUICKTRIAXIAL X REMOULDED WATER CONTENT (%)
— CONTINUED FROM PREVIOUS PAGE - w 20 40 €0 80 100 25 50 75 kN/m® |GR SA SI CL
LIMESTONE (BEDROCK) REC B
Fresh C4 EWRJ 1007, RQD = 58.1%
Thinly bedded A C5 EWRQ REC RQD = 66.7%
Medium strong 1 c6 EW RQ 100% RQD=0%
Grey to reddish brown REC 64
100%
Note: C7 EW R{ REC RQD = 83.9%
Bedrock cored between 13.4 m 100%
63.2 and 16.5 m depth. [
165 For bedrock coring details refer
to Record of Drillhole B7.
End of Borehole
3’ X 3. Numbers refer lo o 3% STRAIN AT FAILURE



PROJECT: 08-1111-0044

LOCATION: N 4904318.2 \E 307227.7

RECORD OF DRILLHOLE: B7

DRILLING DATE: June 19, 2009

DRILL RIG: Portable

SHEET 1 OF 1

DATUM: Geodetic

MIS-RCK 001 08-1111-0044 (ROCK) GPJ GAL-MISS GDT 12/3/10 DD

1:

INCLINATION: -90° AZIMUTH: ---
DRILLING CONTRACTOR: OGS
Ia) o |olz] FRFX-FRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED  BC-BROKEN CORE

w 5 8 o |25| cl-cLeavagE  JJOINT UE-UNEVEN MB-MECH BREAK

Sa 2 ] s 1% I 'Q SH-SHEAR P-POLISHED ST-STEPPED ~ W-WAVY B-BEDDING 227 NOTES

O | x DESCRIPTION % ELEV. | Z B ] vN-VEIN S-SLICKENSIDED PL-PLANAR C-CURVED ESE WATER LEVELS

| 8 Q [oEPTH 3 [SE RECOVERY rap | FrRACT DISCONTINUITY DATA HYDRAULIC | 2 EE INSTRUMENTATION

az=| 5 g T [ coNpucTivITY | 562

o) E’: 7 (m) % é cores | e % |rEro03 TYPE AND SURFK'\CE B haomecy &5

DESCRIPTION : :
o ® | = |gg9s[eser|88eR oiSie "l iz
Continued from Record of Borehole B7 66.30 | ]
- LIMESTONE (BEDROCK) 1340 1
— Fractured c1 |
= Medium strong ]
- 14 Grey to reddish brown G500 o aEE =
e LIMESTONE (BEDROCK) 1410 = .
E Fresh 7]
f Thinly bedded b .
- Medium strong .
— 15 Grey to reddish brown ] ]
o 7
. [ 3
w C6 |
6 ]
- c7 =
B A e ’
o End of Drillhole 16,50 ;]
- =
- 10 E
s ]
— 19 =
— 20 =
— 21 E
— 22 E
|- 2 =]
— 24 E
— 25 4
— 26 E
— 27 E
R =
B .
DEPTH SCALE LOGGED: DG

CHECKED: KSL




MIS-MTO 001 08-1111-0044 GPJ GAL-MISS GDT 12/3/10 DD

Foundation Design

1
ROJEER\ T RECORD OF BOREHOLE No B8 oF 2 METRIC
G.W.P.  78-99-01 LOCATION N 4904323.6 :E 307254.3 ORIGINATED BY _DWM
DIST HWY 401 BOREHOLE TYPE _ Portable Equipment. Continuous Sampling, NW, AW, EW Casing, Wash Boring COMPILED BY M
DATUM _Geodetic DATE Seplember 10 - 16, 2009 CHECKED BY KSL
SOIL PROFILE SAMPLES | o w |G SN SENETRATION
NATURAL = REMARKS
Uyl g _ puastic WALIRAL - paup| | b
= o |£3]| & 20 40 60 80 100  [“MT CcOnTEnT z0 &
e wi =gl z - . 3 A : W w w | 58 | cransize
o lm| & 3124 O |SHEAR STRENGTH kPa
ELEV DESCRIPTION L & < z9 = e O =—— DISTRIBUTION
DEPTH | 5133 = |o UNCONFINED + FIELD VANE J
é = z o9 > W, NTENT (2 (%)
51z z |€O| © | QUCKTRIAXAL x REMOULDED| WATER CONTENT (%)
785 GROUND SURFACE u 20 40 60 80 100 25 50 5 kN'm® |GR SA SI CL
0.0 Silty sand, some gravel, trace
organic matler and rootlets, 4 1 sSs 4
occasional brick fragments (FILL) 78
Very loose to dense
Brown to black
Dry 2| ss | 3
AR 77
15 Rock fill, with some gravel, sand
and silt infilling (FILL) 3| ss 8
Grey
Wel
4 88 R3/0.14
76
75
74.3
4.3 SILTY CLAY, trace sand and %
rootlets (Weathered Crust) 4954 74
SlLiff ’ il s | ss 11 O
Grey-brown %7 #
73.3 Moist %
5.2 SILTY CLAY, occasional sand Gavn
seam {Weathered Crust) "5!5 6 55 69 73
Very stiff to stiff 1
Grey-brown %
Moist 797 i \
i 7 | ss | 27 le 1
724 2%
6.4 SILTY CLAY, occasional sand 1 72 —
seam 7 7 8 SS 5 ©
Stiff to fim e
Grey 4
Moist to wet
oist 1o w :‘% = N
#
%% =17
Lh%
A 9 | AS o
r§§/
27
10 | AS
¥ 70 rr———
7
#e
¥
% x|+
/55,
% Taye] IS +
55
x; ]
il 11| ss | 4 H—%
%555
%555
”2,? 12| 1P | PM 68 F—e 0 1 43 57
,'j;
:(/K
] 13| ss | 3 .
9% e7f—|— —
L
Eo 14| ss 1 e
%9455
L4
ey
658 %7 66—+
12.7 Silty SAND, some gravel, trace B
clay, with cobbles (TILL)
Compacl 15| ss | 25 o 18 49 26 7
Grey A7
64.9 Wel ; 65 1
136 ARKOSIC SANDSTONE c1| rc | FEC RQD = 77%
(BEDROCK) 100% 01
Fresh to sightly wealhered C2)| RC RES: RQD = 55%
Fine grained cal re 100% RQD = 47%
Reddish grey REC T els
100854 64 - I W— —
REC L
N C4| RC 100% RQD =76%

Conlinued Next Page
ag +3 % 3. Numbers refer to

03% STRAIN AT FAILURE
Sensilivity



MIS-MTO 001 08-1111-0044 GPJ GAL-MISS GDT 12/3/10 DD

Foundation Design

R RECORD OF BOREHOLE No B8 2 oF 2 METRIC
GW.P, 7899-01 LOCATION N 4304323.6 :E 307254.3 ORIGINATED BY DwWM
DIST HWY 401 BOREHOLE TYPE __ Portable Equipment, Continuous Sampling, NW. AW, EW Casing, Wash Boring COMPILED BY JM
DATUM _Geodetic DATE Septernber 10 - 16, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES © L:(ll-l RESISTANCE PLOT & siasnic NATURAL - REMARKS
2 3 Lar  MOISTURE Syl = T &
5 N o g 5| @ 20 40 B0 B0 100 CONTENT E= [ e
o 4 W, w Wi IZE
ELEV |8 w| 3 |25| & [SHEARSTRENGTHKPa i p vl 7 E et et
DESCRIPTION =l = > < - [
DEPTH 15| F > 8 5| & O UNCONFINED + FIELD VANE ‘Y (%)
ElZ Zz |€C| © |e QUOCKTRAXIAL x REMOULDED| WATER CONTENT (%)
—- CONTINUED FROM PREVIOUS PAGE — w 20 40 60 80 100 25 50 75 kN/m® |GR SA SI CL
cal RC | REC RQD = 76%
628 X 63
15.8 PRECAMBRIAN (BEDROCK)
Fresh cs| re | REC RQD = 38%
Medium sirong 79%
62.1 Black, grey and red 7=
16.4
Note:
Bedrock cored between 13.6 m
and 16.4 m deplh.
For bedrock coring details refer
to Record of Drillhcle BS.
End of Borehole
+ 3‘ % 3. Numbers refer lo o3% STRAIN AT FAILURE

Sensilivity



PROJECT: 08-1111-0044

LOCATION: N 4904323.6 ;E 307254.3

RECORD OF DRILLHOLE: B8

DRILLING DATE: September 10 - 16, 2009
DRILL RIG: Portable

SHEET 1 OF 1

DATUM: Geodetic

MIS-RCK 001 08-1111-0044 {ROCK} GPJ GAL-MISS.GDT 12/3/10 DD

1:75

INCLINATION: -90° AZIMUTH: ---
DRILLING CONTRACTOR: OGS
a 1 |etz| FRFX-FRACTURE F-FAULT SM-SMOOTH  FL-FLEXURED  BC-BROKEN CORE

w 5 o £ |35 R-ROUGH UE-UNEVEN MB-MECH. BREAK

o | 9 =1 GSllE Q ST-STEPPED  W-WAVY B-BEDDING <27 NOTES

Qu | ¥ S Z [DE| S-SUCKENSIDED PL-PLANAR ___G-CURVED g9z WATER LEVELS

2E | o DESCRIPTION 3 z [FE Wy

cw | = 2 SIRE DISCONTINUITY DATA HYDRAULIC | Zzil INSTRUMENTATION

£z | § ] [ | —— conoucTviTy | 559

A = & - core Axis| TYPE AND SURFACE |, Kcm/sec, 2

a o |g g e DESCRIPTION bbb
Continued from Record of Borehole B8
- ARKOSIC SANDSTONE (BEDRQCK) c1 ]
- Fresh to sightly weathered D ]
e ™ Fine grained |
- Reddish grey ca -
15 =
- ca E
S PREGAMBRIAN (BEDROCK) E
- Fresh o E
- Medium strong N
s Black, grey and red ]
3 End of Drillhole R
— 17 3
— 18 —
E 3
— 20 -]
— 21 g
— 22 -
~ 2 v
— 24 -
- 2 -]
- :
— 26 -
27 -
| 28 -
DEPTH SCALE LOGGED: DWM

CHECKED: KSL




Foundation Design

MIS-MTO 001 08-1111-0044 GPJ GAL-MISS.GDT 12/3/10 DD

2
I — RECORD OF BOREHOLE No B9 1 0F 2 METRIC
GW.P.  78-993-01 LOCATION N 4904324.4 ;E 3072746 ORIGINATED BY DG
DIST HWY 401 BOREHOLE TYPE _ Power Auger, 108mm Diam. Hollow Stem COMPILED BY JM
DATUM _Geodetic DATE June 9, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES o W |RESISTANCE PLOT NATORAL — REMARKS
el S = PLASTIC yoisture MOUIRL T 2
= w |5 & 20 40 60 80 100 UMT  content  HMTI S O
=N al=g| z : . . : i Wp w w | 54 | cransizE
olg| ¥ o |25 | © |SHEAR STRENGTH kPa
ELEY DESCRIPTION = SO - £ —_— DISTRIBUTION
DEPTH <|2| 72| 5|28 < |0 UNCONFINED  + FIELD VANE 9
|2 z 133 g ; Lf (%)
S Z [g°| © |e QUICKTRIAXIAL x REMOULDED| WATER CONTENT (%)
86.0 GROUND SURFACE w 20 40 60 80 100 25 50 75 kN/m® IGR SA SI CL
ng ASPHALTIC CONCRETE
Crushed stone (FILL) 1 _[GRAB
05 Grey
B5.1 Moist
09 Sand and gravel (FILL) 85
_\ Brown %] 2| SS i
Mosit
3'1'; Sand (FILL}
\’\Bﬂg\gtn A s ss 1 8l - | ) 57 32 9 2
Fine grained rock fill, some silty
sand, some gravel, lrace clay
(FILL)
Loose to compact 4 | S8 18
Grey
Moist 83 S S —
5 SS 8
82
3 6 8S 3 81
80
[/ SS 29
79
8 | 58S 4 78
77 - 1 —
9 SS 29
76 —
753
10.7 SILTY CLAY, trace organic matter #
(Weathered Crusl) ] 10| ss | 7 75
74.7 Siff }"”
”‘3 Dark grey-brown ]
: Moisl 955 7
SILTY CLAY (Weathered Crust) ]
Very stiff
Grey-brown 597 74 - T
Moist Vi
//;/
il 11| ss | a2 br—l
K]
w7 73——
vl
(455
’/5;
¥
L4 1]
A
o] 12| ss | 25 72 B
gars
2554
zrie
zes
i Ll

tinued Nex! P
Confinyed a8 +3 3. Numbers refer to

3%
I O STRAIN AT FAILURE
Sensitivity



MIS-MTOQ 001 08-1111-0044 GPJ GAL-MISS.GDT 12/3/10 DD

D=Golder

Foundalion Design

Associates
T RECORD OF BOREHOLE No B9 2 oF 2 METRIC
G.W.P.  78-99-01 LOCATION N 4904324.4 :E 307274.6 ORIGINATED BY _DG
DIST HWY 401 BOREHOLE TYPE _ Power Auger, 108mm Diam. Hollow Stem COMPILED BY JM
DATUM _Geodelic DATE June 9, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES e W |RESISTANCE PLOT NATURAL . REMARKS
) < PLASTIC yoierire  bQudl
E w |28 @ 20 40 60 80 100 [UMT  content UMT| SO &
2 & ul=g] z q : - ' : e w w | 58 | GRANSIZE
ELEV ela o 7|29 9 SHEAR STRENGTH kPa iCHmmp B TG T
DEPTH el S13[ 7| 3|38 £ |o UNCONFINED  + FIELDVANE Y %)
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DETERMINATION OF BEDROCK ELEVATIONS AT WEST ABUTMENT
FOOTINGS- Item No.

Special Provision

The bedrock surface near the west abutment is expected to drop off quickly to the east. Prior to
mass excavation for the west abutment footings, the contractor shall confirm the bedrock
elevations within the footprint of the new west abutment footings by advancing probe holes at
minimum 2 m spacing along the perimeter and in the centre of the proposed footings. The data
should be submitted to the Contract Administrator a minimum of 4 weeks in advance of footing
construction to allow for review and possible modifications to the structural and foundation
design

Basis of Payment

Payment at the lump sum contract price for this tender item shall be full compensation for all
labour, equipment and materials for completion of the work.

END OF SECTION
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DOWELS INTO ROCK - Item No.

Special Provision

1.0

GENERAL

11

Scope

The work for the above noted tender item shall be in accordance with OPSS 904, including all
special provisions, except as extended herein. This document specifies additional requirements
for the supply, installation and testing of Dowels into Rock for the structure footings.

1.2

1.3

14

1.2.1

1.2.2

123

Instructions to Contractor

These instructions are to be read in conjunction with the Contract Drawings.

A total of 1 test Dowels into Rock are required for the Dowels into Rock at each
structure footing.

Dowels shall extend through tremie concrete and into sound bedrock to the
specified embedment depth.

Qualifications

1.3.1

132

1.3.3

Qualifications of Staff from Contractor or Sub-Contractor Completing
Work for the Dowels into Rock: All work shall be performed under the
direction of personnel experienced with all aspects associated with the installation
of Dowels into Rock. Such experience shall have been obtained within the
preceding five (5) years on projects of similar nature and scope to the work
required for this project.

Qualifications of the Quality Verification Engineer: A resume of the work
experience of the Quality Verification Engineer shall be submitted to the Contract
Administrator for record purposes. The Quality Verification Engineer shall be a
Professional Engineer licensed in the Province of Ontario having a minimum of
five years of experience on projects of similar nature and scope to the work
required for this project.

Qualifications of the Design Engineer: A resume of the work experience of the
Design Engineer shall be submitted to the Contract Administrator for record
purposes. The Design Engineer shall be a Professional Engineer licensed in the
Province of Ontario having a minimum of five years of experience of projects of
similar nature and scope to the work required for this project.

Responsibilities of the Contractor

1.4.1

The Contractor shall prove the allowable bond stress by tests of the Dowels into
Rock on non-production Dowels into Rock.
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1.5

1.6

1.4.2

The Contractor shall supply equipment, materials and skilled personnel to install
production Dowels into Rock and conduct the specified acceptance tests. It shall
be the responsibility of the Contractor to constantly monitor the acceptance tests,
maintain specified test loads and record test measurements as specified by the
Contract Administrator.

1.4.3  The Contractor is responsible for materials and workmanship. Any remedial
measures, required because of defects in materials or workmanship, shall be
completed by the Contractor at no cost to the Owner.

1.4.4 The Contractor shall submit 4 copies of all Working Drawings to the Contract
Administrator as outlined in Section 1.6.

Definitions

1.5.1 Dowels into Rock: reinforcing steel bar and non-shrink grout.

1.5.2 Design Engineer: An Engineer who has a minimum of five (5) years experience
in all aspects associated with the installation of Dowels into Rock, including
drilling, grouting and doweling work. The Design Engineer shall be retained by
the Contractor to design various components for the installation and testing for
the Dowels into Rock.

1.5.3  Quality Verification Engineer: An Engineer who has a minimum of five (5) years

experience in all aspects associated with the installation of Dowels into Rock,
including drilling, grouting and doweling work. The Quality Verification
Engineer shall be retained by the Contractor to ensure conformance with the
contract documents and issue certificate(s) of conformance.

Submissions and Working Drawings

1.6.1

1.6.2

1.6.3

Working Drawings shall consist of drawings, testing and installation records,
procedures and reports, and work plans.

The Contractor shall submit Working Drawings to the Contract Administrator as
follows:

All Working Drawings that include drawing, testing and installation procedures
and reports, and work plans shall be sealed and signed by the Design Engineer.

All Working Drawings that include testing and installation results and reports
shall be signed and sealed by the Quality Verification Engineer.

Upon completion of testing or installation and testing for each component, the
Contractor shall submit to the Contract Administrator a Certificate of
Conformance sealed and signed by a Quality Verification Engineer. The
Certificate shall state that the work has been carried out in conformance with the
Working Drawings and in general conformance with the contract documents.
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1.6.4 Working Drawings consisting of testing and installation records and reports shall
be submitted four days after completion of testing and installation. All other
Working Drawings shall be submitted two weeks prior to construction.

1.6.5 Working Drawings to be submitted include the following with further details
outlined in the remainder of this specification:

e Design calculations, specifications and shop drawings covering all aspects of
fabrication, installation and acceptance testing of Dowels into Rock.

e Test results verifying the 28 day strength of non-shrink grout.
e The method for constructing of the holes, maintaining the holes, and placing
reinforcing steel bars, grout and other materials in the holes, including casing

sizes, bit sizes and tremie grouting methods.

e The procedures to verify hole length. Records of measurements that verify
the hole length.

e Records of all drilling procedures, rock conditions encountered, and
installation times.

e Test procedures for Dowels into Rock.

e Drawings and design calculations for a suitable reaction system for the
applied test loads.

e Records of vertical and horizontal movements of the reaction system, and
elongation of the reinforcing steel bar.

e Drawings and details for reference system arrangement.
e Current calibration curves shall be provided for all gauges.

e Complete test records for all tests including plots of dowel movement versus
dowel load, dowel load versus time, and dowel movement versus time.

e Remedial measures for unacceptable stressing results.
1.7 Subsurface Conditions

1.7.1  Soils, rock and groundwater conditions are described in the Foundation
Investigation Report for this Contract.

2.0 MATERIALS
The non-shrink grout shall be an approved DSM 9.10.35 non-shrink grout.

The Contractor shall provide the following information from the manufacturer for non-shrink grout:
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e Data sheets for the non-shrink grout,

¢ installation procedures

3.0 EQUIPMENT

3.1

General

3.1.1

3.12

All equipment for the installation of the Dowels into Rock shall be suitable for
the intended purposes and capable of working on the site under the prevailing
access and clearance conditions.

The equipment shall not cause damage to the reinforcing steel bars.

4.0 INSTALLATION

All work for the installation of Dowels into Rock shall be inspected by the Quality Verification Engineer.

4.1

4.2

Construction of Holes

4.1.1

The sides and end of the hole shall not be disturbed. The Contractor shall submit
Working Drawings to the Contract Administrator that include the method for
constructing of the holes, maintaining the holes, and placing reinforcing steel bar,
grout and other materials in the holes. All excavated material shall be removed
from the site.

The hole diameters and hole length for this project are as specified on the
Contract Drawings. Prior to commencing drilling operations, the Contractor shall
submit Working Drawings to the Contract Administrator outlining devised
procedures to verify hole length. The Contractor shall submit Working Drawings
that include drilling operations records to the Contract Administrator that include
the above noted records. :

At all times, the Contractor shall keep a record of all drilling procedures, rock
conditions encountered, and installation times. The Contractor shall submit
Working Drawings to the Contract Administrator that include the above noted
records.

Installation of Reinforcing Steel Bar

4.2.1

422

423

424

Reinforcing steel bar shall be installed in strict accordance with the Contract
Drawings and installation procedures.

Centering devices shall be provided to ensure that the reinforcing steel bar is
located centrally in the hole.

Dowels shall extend through the tremie concrete for the footing and into sound
bedrock.

Reinforcing steel bar shall be installed after the dowel hole has been filled with
non-shrink grout.
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4.3 Grout

43.1 The non-shrink grout shall entirely fill the annular space between the reinforcing steel bar
and side for the dowel hole.

43.2 The placement of grout for the test Dowels into Rock shall be identical to the production
Dowels into Rock.

43.3 Non-shrink grout shall be placed into the dowel hole using tremie placement methods.

5.0 TESTING REQUIREMENTS

All work for the testing of Dowels into Rock shall be inspected by the Quality Verification Engineer.

5.1 General Testing Requirements

5.1.1

5.1.2

Refer to the attached Instructions to Contractor and the Contract Drawings for
specific test details.

The Contractor shall install the number of Dowels into Rock specified in the
contract documents for testing purposes. The purpose of the testing the Dowels
into Rock is to prove the adequacy of the proposed anchor configuration and
installation procedures under the site conditions, and to provide design
parameters.

The equipment, labour and materials for test dowels shall be identical to Dowels
into Rock at the each structure location.

The Contractor shall submit Working Drawings that include proposed procedures
for testing of the dowels into Rock to the Contract Administrator. Such testing
shall be executed in strict accordance with the proposed procedures of the
Contractor.

The Quality Verification Engineer shall supervise the testing of the Dowels into
Rock. The Contractor will notify the Contract Administrator of the testing
schedule at least 10 days prior to commencement of the testing program. Testing
for Dowels into Rock shall be conducted concurrently, as scheduled by the
Contract Administrator. The tests shall normally be conducted between 8:00 hrs
and 20:00 hrs from Monday to Friday, unless otherwise directed by the Contract
Administrator.

The Contractor shall supply materials and skilled personnel to conduct the tests
for the Dowels into Rock. The equipment and materials shall be capable of
stressing the Dowels into Rock to the specified loads. It shall be the
responsibility of the Contractor to constantly monitor the test, maintain specified
test loads and to record test measurements as specified by the Quality Verification
Engineer.

The test site shall be restored to its pre-test condition. Reinforcing steel bars used
in tests shall be cut down 25 mm below the top of the sound bedrock.
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5.2 Testing Location

5.2.1

522

523

The Contractor shall remove all loose rock down to sound bedrock at the test
location.

The test Dowels into Rock shall be constructed at locations specified by the
Contract Administrator.

If site conditions dictate, changes to the test locations will be considered. The
Contractor shall provide the Contract Administrator at least 2 days notice in
writing of this operation.

53 Testing Equipment

53.1

53.2

5.8.3

534

The dowels into rock will be carried out generally in accordance with the
prevailing requirements of A.S.T.M. (Designation D1143-81) superseded where
applicable by the procedures specified in this document.

The Contractor shall submit Working Drawings for a suitable reaction system for
the applied test loads to the Contract Administrator. Jacks must be secured with
chains to provide adequate protection for the personnel in the event of breakage
of the reinforcing steel bar or stressing system.

The Contractor shall submit Working Drawings for the reference system
arrangement to the Contract Administrator. All reference beams shall be as
follows:

e The beams shall be independently supported with the support firmly
embedded in the ground.

e The testing device shall not apply compression to the bedrock surrounding
the test for the Dowels into Rock, within a circle concentric with the dowel
hole and a diameter equal to 4.0 m.

e Reference beams shall be sufficiently rigid to support instrumentation such
that variations in readings do not occur.

The Contractor shall construct suitable enclosures to provide complete protection
for equipment and instruments from variations in the weather conditions and
disturbances during the test program. These provisions must meet the approval of
the Quality Verification Engineer and will include that the test enclosures must be
weather-proof and provide a consistent temperature in order to eliminate
temperature variations that could affect instrumentation.

5.4 Testing for Dowels Into Rock, and Report

5.4.1

At all times, the Contractor shall keep records of vertical and horizontal
movements of the reaction system, elongation of reinforcing steel bar, and the
record of test enclosure temperature. The movements shall be recorded with
respect to an independent fixed reference point. The Contractor shall submit
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Working Drawings that include the above noted records to the Contract
Administrator.

" 542 Dial gauges shall have at least a 76.2 mm (3.0 in.) travel. Longer gauge stems or
sufficient gauge blocks shall be provided to allow for greater travel if required.
Gauges shall have precision of at least 0.025 mm (0.0001 in.). The dial gauges
shall be placed on smooth bearing surfaces mounted perpendicular to the
direction of movement. All gauges, scales or reference points attached to the test
anchor shall be mounted so as to prevent movement relative to the test anchor
during the test. The Contractor shall submit Working Drawings that include
details for current calibration and curves for all gauges to the Contract
Administrator.

5.4.3  Jacks used for reinforcing steel bars shall have a minimum ram dimension of 153
mm (6.0 in.). The Contractor shall submit Working Drawings that include details
for current calibration and curves for all gauges to the Contract Administrator.

5.4.4  Requirements for Clauses 5.4.1 to 5.4.4 shall be repeated as required at different
testing locations.

5.5 Testing Loading

5.5.1 The testing procedures shall safely load test the Dowels into Rock in tension at a
rate of approximately 100kN per minute to the specified test load. The load shall
be increased by an additional 50 kN beyond this level as directed by the Quality
Verification Engineer.

5.5.2  Each load shall be maintained for a minimum time of 15 minutes and until the
rate of displacement is not greater than 0.25 mm (0.01 inches) per hour.

5.6 Acceptance Criteria
5.6.1 The following acceptance criteria apply:

The testing of dowels shall be carried out in advance of the instalment of Dowels
into Rock at each structure location.

Tests for Dowels into Rock shall have a capacity of at least [insert value] kN.
The Quality Verification Engineer shall report on the acceptance of the tests for
Dowels into Rock. The Quality Verification Engineer shall report on the testing
of the Dowels into Rock including recommendations for increasing embedment
depth, if necessary.

6.0 BASIS OF PAYMENT
Payment at the contract unit price for the above tender item shall include full compensation for all labour,

equipment, and materials to do the work. No additional payment will be made for tests for Dowels into
Rock which are deemed as included as part of the work for the above noted item.
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MICROPILES- Item No.

Special Provision

To be provided as part of the detailed design deliverable if this foundation option is chosen.

END OF SECTION
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BOULDERS/OBSTRUCTIONS DURING PILING AND CAISSON
INSTALLATION - Item No.

Special Provision

Rock fill was encountered at the bridge foundation locations, and cobbles and boulders were
observed within the glacial till deposits overlying bedrock at some of the bridge foundation
locations, as noted on the borehole records. Limestone slabs were also encountered at the
location of the new west pier foundations.

For drilled piles and caissons, appropriate equipment and procedures will be required to
penetrate/remove obstructions within the rock fill and penetrate the limestone slabs and
cobbles/boulders in the glacial till as part of pile installation for the bridge foundations.

For driven piles, appropriate equipment and procedures will be required to protect the pile tip
(e.g. bearing points) and penetrate/remove obstructions within the rock fill. Driven piles are not
to be overdriven and pile damage caused by boulders/obstructions at depth should be prevented.
Sheet piles driven for temporary roadway and railway protection may be unable to penetrate
boulders in the near surface rock fill at some locations. The contractor should make provisions
for excavation of the fill material, where required.

Basis of Payment

Payment at the lump sum contract price for this tender item shall be full compensation for all
labour, equipment and materials for completion of the work.

END OF SECTION
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DRIVING PILES ADJACENT TO EXISTING BATTERED PILES — Item No.

Non-Standard Special Provision

Scope of Work

This Special Provision covers the requirements for driving piles within close proximity to
existing battered piles (i.e., where the anticipated distance between the new pile tip at depth and
the existing battered pile tip at depth is less than 20% of the existing pile length.)

Definitions

Quality Verification Engineer (QVE): An Engineer with a minimum of five (5) years experience
in the field of installation of piling and vibration monitoring or alternatively has demonstrated
expertise by providing satisfactory quality verification services for the work at a minimum of two
(2) projects of similar scope to the contract. The Quality Verification Engineer shall be retained
by the Contractor to ensure general conformance with the contract documents and shall issue
certificate(s) of conformance.

Construction
Work under this item shall adhere to the following requirements:
e For new piles driven within the potential zone of interference with the existing abutment
or wing wall piles (defined as a distance around the existing pile tip at depth equal to
10% of the pile length) the driving operations shall be continuously monitored by the
QVE.

e The contractor shall cease driving of the pile if the QVE indicates that the driven pile
may have come in contact with an existing pile.

e If contact between the new and existing piles is believed to exist the contractor shall take
remedial action as directed by the Contract Administrator, which may include extracting
the pile and re-driving or replacing the pile.

Basis of Payment

Payment at the contract price for the above noted Tender Item includes full compensation for all
labour, equipment and materials to do the required work.
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VIBRATION MONITORING - Item No.

Special Provision

Scope

This special provision describes requirements for vibration monitoring during pile installation
works. Piles include driven or drilled foundation piles or caissons, as well as piles installed for
temporary roadway or railway protection.

Definitions

Quality Verification Engineer (QVE): An Engineer with a minimum of five (5) years experience
in the field of installation of piling and vibration monitoring or alternatively has demonstrated
expertise by providing satisfactory quality verification services for the work at a minimum of two
(2) projects of similar scope to the contract. The Quality Verification Engineer shall be retained
by the Contractor to ensure general conformance with the contract documents and shall issue
certificate(s) of conformance.

Submission Requirements

The Contractor shall submit details of the vibration monitoring plan to the Quality Verification
Engineer for review. The submittals shall satisfy the specifications and at a minimum contain the
following specific information:

Qualifications of vibrations monitoring specialist.

Proposed instrumentation.

Proposed location of instruments.

Proposed frequency of readings.

Proposed methods for adjusting piling methods if readings show vibrations exceeding
tolerable levels.

The submittals shall satisfy the specifications and at a minimum contain the above information as
provided to the Contractor’s Quality Verification Engineer.

Monitoring

The Contractor shall take readings during driving of each pile. The readings should be taken and
recorded during the entire length of driving and during seating of the pile on the bedrock.

The pile(s) furthest from the monitored structure or utility should be driven or drilled first to
assess the the vibration level at the existing structures. If necessary, the contractor must alter the
pile driving/drilling procedures for the remaining piles. The revised procedure shall be submitted
to the Contract Administrator for approval prior to driving the remaining piles.

For piles installed adjacent to the existing west pier foundations, vibrations shall not exceed 50

mm/s (peak particle velocity). Unless otherwise indicated, the measured vibrations for all
remaining piles shall not exceed 100 mm/s (peak particle velocity).
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The results shall be submitted to the Contract Administrator after each pile has been
driven/drilled prior to continuing with the subsequent piles. As a minimum, the pile number,
location, set criteria and driving/drilling log must be submitted with vibration monitoring results.

If the vibration monitoring results are acceptable, the Contractor may continue with the next piles
with readings taken during driving of each pile. The results of subsequent piles should be
submitted to the Contract Administrator after each pile has been driven.

If the readings are not within the limits stated above, the Contractor must alter the driving/drilling
procedures until the vibrations are within acceptable levels. The above process must be repeated
for each pile. ‘

Basis of Payment

Payment at the lump sum contract price for this tender item shall be full compensation for all
labour, equipment and materials for completion of the work.

END OF SECTION
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PERIMETER WALL CONTROL BLASTING NEAR NEW AND EXISTING BRIDGE
FOUNDATIONS - ITEM NO.

Special Provision

This special provision outlines the procedure to be used where rock excavation (blasting) is
required within 50 m of the new and existing bridge foundations.

All blasting shall be in accordance with OPSS 120 except as noted herein.

= Blasting shall be considered synonymous with Controlled Blasting and is defined as the use
of explosive materials with procedures and techniques to limit ground vibration velocities,
flyrock, permanent ground displacement, air concussion, and overbreak, so as to prevent
damage to existing structures, services and utilities, as well as new foundation areas.

» Perimeter Wall Control Blasting includes line drilling along the limits of the excavation in
conjunction with smooth wall blasting, cushion blasting, buffer blasting or any other
approved wall control blasting technique used to provide a smooth, straight final wall.

»  Perimeter Wall Control Blasting techniques shall be employed within 50 m of the new and
existing bridge foundations to ensure that overbreak and damage to the final rock faces
adjacent to the new and existing structure is minimized and the number of drillhole traces in
the final face is maximized.

= Adequate stemming and blasting mats shall be in place prior to blasting to prevent damage to
the existing structures and pavement from flyrock.

= As part of the blast design submission requirements contained in OPSS 120, the Contractor
shall prepare and submit their proposed Perimeter Wall Control blast design techniques.

=  Prior to blasting within 50 m of the new or existing structures, the Contractor shall carry out
trial blasts using their proposed Perimeter Wall Control technique to demonstrate that the
blast design is adequate to minimize damage to the rock face, overbreak and fly rock.

* Results of the trial blast shall be reviewed by the Contract Administrator and the blasting
methodology must be accepted by the Contract Administrator prior to blasting within 50 m of
new or existing structures.

»  Acceptance by the Contract Administrator of the Perimeter Wall Control blasting plan and
trial blasts shall in no way relieve the Contractor from responsibility for ensuring that the
Blasting Operation is conducted in a safe and satisfactory manner, and in accordance with
these specifications, nor shall the Contract Administrator assume responsibility for the
adequacy of the blasting to achieve adequate breakage or acceptable results.

BASIS OF PAYMENT
Payment at the lump sum contract price for this tender item shall be full compensation for all
labour, equipment and materials for completion of the work.
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RIGID EXPANDED POLYSTYRENE EMBANKMENT — Item No.

Special Provision

REQUIREMENTS FOR EXPANDED POLYSTYRENE EMBANKMENT FILL

1.0

2.0

2.1

22

23

SCOPE

This special provision covers the requirements for the supply and construction of the rigid
expanded polystyrene backfill and associated works as shown on the Contract Drawings.

As part of the work under this item, the Contractor shall supply and place a 300 mm thick layer of
Granular A, mortar sand, polyethylene sheeting and concrete top pad as shown on the Contract
Drawings.

REFERENCES

This special provision refers to the following standards, specifications or publications.

National Standard of Canada

CAN/CGSB - 51.20 M87

ASTM

ASTM D1621 Test Method for Compressive Properties of Rigid Cellular Plastics

ASTM C203  Test Method for Breaking Load and Flexural Properties of Block Type Thermal
Insulation

ASTM C177 Test Method for Steady State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Heat Flow Apparatus

ASTM D2842 Test Method for Water Absorption by Rigid Cellular Plastics
ASTM D2863 Test Method for Measuring the Minimum Oxygen Content

ASTM D2126 Test Method for Response of Rigid Cellular Plastics to Thermal and Humid
Aging

OPSS — Ontario Provincial Standard Specifications

OPSS 212 Borrow

OPSS 501 Compaction

OPSS 517 Dewatering

OPSS 1010 Aggregates — Granular A, B, M, and Selected Subgrade Material
OPSS 1605 Expanded Extruded Polystyrene Pavement Insulation

OPSS 1860 Geotextiles
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3.0

4.0

5.0

6.0

6.1

SUBSURFACE CONDITIONS

The subsurface conditions at the site are described in the Foundation Investigation Report for this
Contract.

DEFINITIONS

For the purpose of this special provision, the following definitions apply:

Rigid Expanded Polystyrene: Moulded rigid blocks produced by a process of pre-expansion,
aging and forming of petroleum based raw material.

Rigid Extruded Expanded Polystyrene: Rigid boards made by extrusion of expanded
polystyrene beads.

Production Lot: The quantity of rigid polystyrene blocks produced in a continuous period of
manufacturing the same grade and thickness of product within the same production day.

Quality Verification Engineer: Quality Verification Engineer means an Engineer with a
minimum of five (5) years experience related to the design and/or construction of expanded
polystyrene systems of similar scope to that in the Contract, or alternatively has demonstrated
expertise by providing satisfactory quality verification services for the work at a minimum of two
(2) projects of similar scope to the Contract. The Quality Verification Engineer shall be retained
by the Contractor to ensure conformance with the contract documents and issue of certificate(s)
of conformance.

QUALIFICATION

The Contractor shall have on site at the commencement of the work, a representative of the
supplier of the rigid expanded polystyrene to advise on recommended construction procedure.

The Contractor shall maintain liaison with the supplier throughout the construction of the
embankment for advice and guidance as required. Periodic site visits by the supplier should be
coordinated as required.

SUBMISSION AND DESIGN REQUIREMENTS
Submission of Shop Drawings

At least three weeks before the commencement of work, the Contractor shall submit to the
Contract Administrator six copies of the shop drawings and method statement signed and sealed
by the Quality Verification Engineer that provides full details of materials and construction
procedure.
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6.2

6.3

6.4

Delivery, Storage, Handling, and Protection

The Contractor shall submit the method of delivery, storage, handling and protection from
damage by weather, traffic, construction staging and other causes as per the rigid expanded
polystyrene manufacturers’ requirement.

Construction

The Contractor shall submit full details of the following:

g-

The method of foundation excavation and preparation.

Construction of the 300 mm thick Granular A layer and the up to 100 mm thick mortar
sand levelling pad.

The method of placement of expanded polystyrene blocks including temporary ballasting
and protection of blocks during installation. The shop drawings shall indicate laying
pattern and block dimensions on a layer-by-layer basis.

The method and limits of placement of polyethylene sheeting,.
The method of placement of 125 mm thick reinforced 30 MPa concrete top pad.
The method of placement of subbase material.

The method of placement of side slope cover.

Quality Verification Engineer

Q)

()

The Contractor shall submit details of the sequence and method of installation to the
Quality Verification Engineer for review. The submittals shall satisfy the specifications
and at a minimum include a detailed description of proposed installation procedures. The
details shall be submitted at least three weeks prior to the installation of the rigid
expanded polystyrene embankments. The Contractor shall also submit to the Contract
Administrator, for information purposes, details of the sequence and method of
installation. The submittals shall satisfy the specifications and at a minimum contain the
above information as provided to the Contractor’s Quality Verification Engineer.

The Contractor shall submit to the Contract Administrator a Certificate of Conformance
sealed and signed by the Quality Verification Engineer a minimum of one week prior to
commencement of work under this item. The Certificate shall state that the installation
procedures are in conformance with the requirements and specifications of the contract
documents.  Quality test certificates for each production lot supplied, showing
compliance with all requirements of this special provision shall be obtained by the
Contractor and submitted to the Contract Administrator prior to installation. Upon
completion of the Expanded Polystyrene Backfill, the Contractor shall submit to the
Contract Administrator a Certificate of Conformance sealed and signed by the Quality
Verification Engineer stating that the Expanded Polystyrene Embankment has been
constructed in conformance with the installation procedures and specifications of the
contract documents.
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7.0

71

7.2

7.2.1

7.2.1.1

MATERIALS

Granular Levelling Pad

The levelling pad shall consist of mortar sand with gradation and physical requirements as
specified in OPSS 1004.

Rigid Expanded Polystyrene

General

The Contractor shall submit:

L,

A general statement as to the type, composition, and method of production of the
material.

The manufacturer’s name, address, telephone number, identification of a contact person
and description of experience background in the manufacturing of the rigid expanded

polystyrene.
Certification of compliance of physical and mechanical properties.

An identification of a laboratory accredited by the Standards Council of Canada to
conduct the testing of the physical and mechanical properties of the rigid expanded

polystyrene.
The physical and mechanical properties of the rigid expanded polystyrene including:

Geometry

Nominal Density
Compressive Strength
Flexural Strength
Thermal Resistance
Dimensional Stability
Flammability

Water Absorption

NS R L=

Aging and durability characteristics of the polystyrene including the chemical, biological
and ultra-violet degradation resistance of the rigid polystyrene.

A sample of the expanded polystyrene material to the Quality Verification Engineer for
review.

To the Contract Administrator a Certificate of Conformance sealed and signed by the
Quality Verification Engineer a minimum of one week prior to commencement of work
under this item. The Certificate shall state that the expanded polystyrene material is in
conformance with the requirements and specifications of the contract documents. -
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7.2.1.2

7.2.2

7.2.2.1

7.2.2.2

Production Lots

Each block of the same production lot shall be stamped with the same production code showing
plant identification, type and date of production. The polystyrene shall be free from defects
affecting serviceability.

Detail Requirements

Requirements shall be as shown in Table 1 and described below.

Table 1 — Material Properties

PROPERTY UNIT REQUIREMENTS | .o oTclizSITURE
Geometry mm
- Linear 1200 x 600 x 300
- Flatness With tolerances + 1%
- Squareness 10 mm in 3 m + 0.5%
- Thickness -3,+5
Compressive kPa (min) 115 ASTM D1621
Strength (Procedure A)
Flexural Strength kPa (min) 240 ASTM C203
Dimensional Stability % linear change (max) 1.5 ASTM D2126
Thermal Resistance | m”.°C/W (min for 25 mm 0.7 ASTM C177 or
thickness) ' C518
Flammability Limiting Oxygen Index 24 ASTM D2863
(mm)
Water Absorption % by Volume (max) 4 ASTM D2842
Geometry

The expanded polystyrene shall be supplied in the form of rectangular parallel blocks of
minimum acceptable dimensions of 1,200 mm x 600 mm x 300 mm.

The maximum deviation from the specified linear dimensions shall be  1%. The flatness of the
block faces shall be within = 10 mm of a line formed by a 3 m straight edge.

The maximum difference in corner-to-corner dimensions (squareness) shall be 0.5%. The
thickness shall be within -3 mm to +5 mm.
Compressive Strength

The minimum compressive strength, measured in accordance with ASTM D1621, Procedure A,
shall be 115 kPa at a strain of not more than 5%. The maximum permissible permanent stress
level should not exceed 30% of the compressive strength of the material at 5% strain.
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7.2.2.3

7.2.2.4

7.2.2.5

7.2.2.6

7.2.2.7

7.2.2.8

7.2.2.9

Flexural Strength

The minimum flexural strength of the polystyrene shall be 240 kPa. The flexural strength shall
be determined in accordance with ASTM C203, method 1, Procedure B.2.7.4 Dimensional
Stability.

Dimensional Stability

Dimensional Stability shall be determined in accordance with ASTM D2126, Procedure G. A
tolerance of 1.5% shall be satisfied.

Thermal Resistance

The thermal resistance shall be 0.7 m*.°C/W for a 25 mm thickness using the following equation
and using the average value from three specimens:

R25mm = Kmeasured—. x25
thickness (mm)

The thermal resistance shall be measured in accordance with ASTM C177 or C518.

Flammability

The expanded polystyrene shall be classified as to surface burning characteristics in accordance
with CAN/ULC - 51022 having a flame spread rating less than 500. The expanded polystyrene
shall have a minimum limiting oxygen index measured in accordance with ASTM D2863.

Water Absorption

The water absorption as measured by ASTM D2842 shall be limited to 4% by volume.

Chemical Resistance

The expanded polystyrene shall be resistant to common inorganic acids and alkalies. A table
identifying the chemical resistance as either resistant limited or not resistant shall be submitted.

Biological Resistance

The expanded polystyrene shall be resistant to biological degradation caused by organisms or
enzymes.

7.2.2.10 Environmental

The expanded polystyrene shall be inert, non-nutritive and highly stable and shall not produce
undesirable gases or leachate.
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7.3

7.4

8.0

9.0

9.1

9.2

9.3

Polyethylene Sheeting

The plastic sheeting shall be 6 mil polyethylene sheeting or equivalent.

Concrete Top Pad

The concrete top pad shall consist of 125 mm of reinforced 30 MPa concrete.

DELIVERY, STORAGE AND HANDLING

The product shall be suitably marked to identify its type, number and the manufacturer’s name or
trademark.

The Contractor shall protect the expanded polystyrene from exposure to sunlight to avoid
ultraviolet degradation as per manufacturer’s recommendations.

Protection of materials and works from damage by weather, traffic, construction staging, fire or
vandalism and other causes shall be the responsibility of the Contractor.

CONSTRUCTION
Foundation Excavation

Foundation excavation shall be carried out to the design elevations shown on the Drawings. Any
softened, loosened or deleterious materials at the foundation/base elevation shall be subexcavated
and replaced with OPSS 1010 Granular “A” material.

Levelling Pad

Place, level and compact a 300 mm thick layer of Granular A followed by an up to 100 mm thick
layer of mortar sand material in accordance with OPSS 501 to within + 30 mm of the design
elevation. The levelling pad shall not deviate by more than 10 mm at any place on a 3 m straight
edge over the limits of the bottom course of blocks. The levelling pad shall not be placed on
frozen ground.

Installation of Blocks

(1) The individually marked blocks shall be placed on the prepared levelling pad. The top
surface of the first layer of blocks is to be set plane and level. Local trimming of the
blocks may be necessary. Contractor shall ensure all trimmed material is disposed of in
accordance with all applicable regulations and that no trimmed debris enters any
watercourse.

(2) Subsequent successive layers shall be oriented with the long axis of blocks positioned at
90° to the previous layer in order to avoid continuous joints. Block joints shall be offset
and staggered between layers.

(3) A continuous check shall be kept to ensure the evenness of the blocks is satisfactory in
each layer. Blocks shall be laid with joints with maximum opening of 10 mm between
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10.0

11.0

11.1

blocks. Differences in heights between adjacent blocks in the same layer should not
exceed 5 mm.

(4) Sloping end adjustments at the abutments shall be accomplished by levelling terraces in
the subsoil in accordance with the block thickness.

(5) Temporary ballast shall be provided as necessary to prevent movement of expanded
polystyrene both in storage and as placed due to windy conditions. Timber fasteners or
equivalent shall be used as necessary.

(6) The expanded polystyrene embankment shall be protected from accidental ignition due to
welding, smoking, grinding or cutting tools, etc. The Contractor shall take all necessary
precautions to prevent ignition of the expanded polystyrene.

(7) The expanded polystyrene shall be protected from organic solvents and other aggressive,
harmful chemicals during construction. The proposed method of protection during
construction shall be submitted to the Contractor’s Quality Verification Engineer for
review and to the Contract Administrator for information purposes.

(8) Exposed blocks shall be covered immediately to avoid possible burrowing by animals.

(9) Individually marked blocks shall be fabricated and placed to ensure the top surface
matches the elevation and crossfall shown on the drawings.

(10) The top surface and side surfaces of the expanded polystyrene shall be covered with 6 mil
polyethylene sheeting extending onto adjacent work at the longitudinal ends of the
embankment. All joints shall be lapped a minimum of 300 mm to provide a fully sealed
enclosure.

EQUIPMENT

All cutting of polystyrene materials shall be by electric equipment or by hand.

Heavy equipment shall be limited in weight and size and restricted in operation to avoid
damaging the expanded polystyrene as per the manufacturer’s requirements.

QUALITY ASSURANCE
General

The Contract Administrator may undertake an independent testing program of the expanded
polystyrene. Sampling and test will be carried out in conformance with the relevant test
procedure. The physical and thermal property testing identified in Table 1 will be conducted. A
recognized testing laboratory accredited by the Standards Council of Canada shall conduct the
testing.
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11.2

11.3

12.0

121

13.0

13.1

Sampling Frequency

Sufficient sample material shall be obtained from blocks randomly selected by the Contract
Administrator from each production lot as soon as the material arrives on site. At a minimum,
three blocks shall be tested.

Acceptance/Rejection

Failure of any one of the sample blocks to comply with any requirements of this special provision
shall be cause for rejection of the production lot from which it was taken. Replacement of the
blocks shall be at the Contractor’s expense.

MEASUREMENT FOR PAYMENT

Actual Measurement

Measurement will be by volume in cubic metres of rigid expanded polystyrene material measured
in its original position based on theoretical dimensions.

PAYMENT

Basis of Payment

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