November 2012

REPORT ON

CNR Bridge Rehabilitation and Widening
Highway 401, Kingston, Ontario

West Pier Micropile Foundation Detail Design
G.W.P. 78-99-00

Submitted to:

Mr. Manny Goetz, P.Eng.
McCormick Rankin Corporation
1145 Hunt Club Road, Suite 300
Ottawa, Ontario

K1V OY3

Geocres No. 31C-212

Report Number: 08-1111-0044 (4050)
Distribution:

2 Copies - McCormick Rankin Corporation

5 Copies - Ministry of Transportation, Kingstan
1 Copy - Ministry of Transportation, Downsview
2 Copies - Golder Associates Lid.

g 77, Golder

Associates



WEST PIER MICROPILE FOUNDATION DETAIL DESIGN

Table of Contents

1.0 INTRODUCTION it et sss i ta s s b aa ke Lo a e e e S 4 AE 128 A R RS baR e bR S £ RS £ A £ A A AR 1AL E e EE 4 0B AREEHRE AR LR e S RO R R R e st s anen 1

2.0 SITE DESCRIPTHON....oo ittt e et bbb b d s cm b b b b4 bR A n b A RS A LA AR ST R TS a ARt e 2

3.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS ..cvvv it niseniensn e scnsssnsssssanessnenssrnsssassnesassssenns s 3
3.1 Regional GeologiCal ConOIONS ..o es s ceee s e e st e s st e es s tes e e s saaes et e enb e e e eamaeeeaeseean 3
3.2 Site STAtIGrapRY ... s 3

4.0 MICROPILE FOUNDATION DESIGN RECOMMENDATIONS ......ccoccin i s s s ssnssrassesssnsaes sass 6
4.1 L T=T 17T - T ISP 6
42 DESIGN MBTNOUS ..ottt e b e e s e b iR e L b e e S e et s e s e e 6
4.3 =T o S0 o Tat=T o [PPSR 6
44 o= Te R o]y 1] 3T 1o o= S TSP TR ST S SOV PSSR PO UP PSR 7
4.5 Micrapile Group Arrangemeant and Cap GBOMEIY.........oo e e e e e e s sene e reneeeens 7
46 Micropile Design - Structural CharacteristiCs ...t e e e smnee e 8
4.7 Micropile Design — Foundation Model and Parameter ASsessSmMent.........cccovvvvvcie i ir v vcieeie e 11
4.8 Micropile Design — General ASSUMPIIONS ... tiri ettt ettt e et et e ettt e et e sb e et e e 12
4.9 Micropile Grotp ANalYSis RESUITS .. .o e e et e et 13
4.91 Axial Geotechnical ReSISIANCE..... ..o e s e 14
492 Demand/Capacity Ratio ... ierersei e s e eeter s ae et e s ee st e e e et e s e stne e e e e e nrae e eneeennn 14
493 BUCKING POLENTAL ..ot et et e et e et e et e e et ettt e ean et e eane e e e s e e e erae e ernesebs 15
. T O I [T T o T BT T T3 - TR OPPPON 15
4,11 Micropile Installation/Technical Specifications..........coo 15
4111 Micropile Connection at Pile Cap ..o et s 16
411.2 JOINtS M MICropile Casing ........oo e ettt et n et e et e e he e et et s e ateeeae e 16
4.11.3 By TH Tl e BT o [T =Ty =T o < PP 17
4.11.4 GroUtiNg ReqUITEMENES c..ee it e e e e e ee e e s e e sbr e e e smsesaessasaneesabeeeestts s smeennssrenstns 17
4115 Lateral and Axial Pile Load TestS ... s e e e e e e 17
4.11.6 oL oG (e o O OO O OO PSS ST P PRYSURURSTURRROY 18
411.7 Monitoring of the Existing FOUNAYION ... e e e e e 18

0 T I 1 0 19

‘,,;:‘?
2:;5:?\!3;. 20?-?1 11-0044 (4050) i Ag%!cdiealt'es



WEST PIER MICROPILE FOUNDATION DETAIL DESIGN

REFERENCES

LIST OF TABLES

Table 1 - Detailed Results of Micropile Group Analysis — Load Combinations ULS-1 and ULS-8

LIST OF DRAWINGS

Drawing 1 — CNR Bridge Rehabilitation and Widening — Highway 401, Micropile Group Arrangement, West Pier — South Side

Drawing 2 — CNR Bridge Rehabiiitation and Widening — Highway 401, Bending Moment, Shear Force and Displacements,
West Pier — Scuth Side

Drawing 3 — CNR Bridge Rehabilitation and Widening — Highway 401, Micropile Group Arrangement, West Pier
— North Side

Drawing 4 — CNR Bridge Rehabilitation and Widening - Highway 401, Bending Moment, Shear Force and
Displacements, West Pier — North Side

LIST OF FIGURES
Figure 1 — Schematic of Possible Micropile Connection Detail
Figure 2 — Fiush Joint Casing — Thread Location Details

Figure 3 — Proposed Load Test Pile Arrangement

APPENDICES

APPENDIX A
Record of Borehole Sheets

APPENDIX B
Original Foundation Drawings {from Department of Highways, Ontario)

APPENDIX C
Selected Contract Drawings (From McCormick Rankin)

APPENDIX D
NSSP — Technical Specification for Groufed Micropiles

November 2012 Golder

Report No. 08-1111-0044 (4050) i W/ Associates
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1.0 INTRODUCTION

Golder Associates Lid. (Golder) has been retained by McCormick Rankin Corporation (MRC) on behalf of the
Ministry of Transportation, Ontaric (MTQ) to provide foundation engineering services as part of the design of the
micropile foundation system for support of the new west pier(s) to be constructed as part of the proposed
widening of the existing Highway 401/CNR Overhead structure near Kingston, Ontario. Given the proximity of
the structure to the adjacent existing CNR line, it is understood that the new foundation for the widened pier(s)
must be designed to resist the design collision load from a locomotive (see 2.0 Site Description).

The terms of reference for the scope of work of this component of the assignment are outlined in Golder's
proposal letter (08-1111-0044), dated March 4, 2011 that forms part of the Consultant's Agreement for this
project.

The latest General Arrangement drawing(s) for the Highway 401, CNR Overhead bridge structure rehabilitation
and widening provided fo Golder by MRC are dated January 2011. It is our understanding that the existing
bridge is an approximately 66 m long, three-span structure supported by a combination of shallow spread
footings (west abutment and west pier) and driven piles (east pier and east abutment). The proposed widening,
by about 7 m on both the north side and south side of the existing structure, is to be supported on shallow
foundations at the west abutment, caissons at the east pier, driven piles at the east abutment, and micropiles at
the west pier. This report addresses only the foundation design recommendations for the micropiles to support
the north side and south side widening(s) of the existing west pier on micropiles.

November 2012 € ald Golder
Report No. 08-1111-0044 (4050} 1 L7 Associates



WEST PIER MICROPILE FOUNDATION DETAIL DESIGN

2.0 SITE DESCRIPTION

The existing Highway 401/CNR Overhead structure 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 on the CNR Overhead bridge structure varies from west to east from about Elevation 87.8 to 86.3 m,
respectively (i.e., grade declining eastward). The existing bridge, which was constructed in 1954, consists of a
three-span cast-in-place concrete girder structure supported on concrete abutments and piers. Information
provided by MTO indicates that the west abutment and west pier are founded on spread footings on bedrock
(or bedrock slabs), and that the east abutment and east pier are founded on piles driven to bedrock.
This information is consistent with information shown on Department of Highways, Ontario Bridge Office
drawings (dated April 1953, originally numbered D3349-1 though D3342-11) which were obtained by MRC and
provided fo Golder,

The CNR Kingston Subdivision line 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 of the
existing alignment.

To the west, adjacent to the bridge structure, hedrock ouicrops 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 side slopes of approximately 1.5 horizontal to 1 vertical (1.5H:1V).

The west pier of the existing bridge {which is the focus of this report) is understood to be supported on spread
footings founded at a depth of about 6 m below ground surface on an approximately 7.5 m thick layer of
limestone slabs that contain voids and could be sensitive to disturbance and settlement from conventional
foundation construction techniques (i.e., pile driving or large diameter caisson installation). Further, it is
understood that the new foundation for the widened pier(s) must be designed to resist the design collision load
of 2,000 kN from a locomotive engine applied at 1.5 m above adjacent ground and along 8.0 m of a
protection wall tied into the pier foundation{s)/pile cap(s).” Finally, due to the proximity of the existing railway
tracks to the footprint of the proposed west pier widening, no excavation for construction of the pile cap(s)
below the existing ground surface near the tracks will be permitted, however minor grading of the existing
ground surface may be required.

Given the above constraints, micropiles (with a pile cap located close to the existing ground surface) have been
selected as the preferred foundation system for support of the new west pier(s) {i.e., for both the north side and
south side widening) in order to reduce potential impacts on the existing west pier foundations, structure and
adjacent railway tracks during construction of the proposed widening.

& .;'iz‘
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WEST PIER MICROPILE FOUNDATION DETAIL DESIGN

3.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS
3.1 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 mapping® 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 surrounded by clay flats (i.e., Clay
Plain). The clay is grey in colour, and very weakly calcareous.

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

3.2  Site Stratigraphy

The detailed subsurface soil, bedrock, and groundwater conditions as encountered in the boreholes advanced at
this site in 2009, together with the results of the laboratory testing on select soil and bedrock samples, are
described in the report (Golder, 2011) titled, “Foundation Investigation and Design Report, CNR Bridge
Rehabilitation and Widening, Highway 401, Kingston, Ontario, G.W.P. 78-99-00", Geocres Number 31C-202,
dated January 2011. This information was supplemented by the limited stratigraphic data shown on the
Department of Highways, Ontario Bridge Office drawing (original Drawing No. D3349-9) titled, “Grade Separation
of CNR and Hwy 401 (Line 'C’), Plan of Borings" dated September 1953. it is noted that the stratigraphy
identified as 'Rock’ immediately below the ‘Clay’ in Boreholes #7 and #9 on this drawing is inferred to be
limestone slabs.

The subsurface conditions as encountered at the areas of the proposed west pier widenings are summarized
below.

West Pier — South Side Widening

The subsurface conditions at the area of the proposed West Pier, South Side widening {based on Borehole B2
(Golder, 2011} and Borehole #9 (DHO, Drawing No. D3349-9) included in Appendices A and B), consist of up to
about 5.1 m of fill (comprised of a heterogeneous mixture of rock fill, gravel, silty clay and sand) overlying

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

? Map 2544, Ministry of Noriham Development and Mines, 1691,

e
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WEST PIER MICROPILE FOUNDATION DETAIL DESIGN

about 2.2 m to 3.8 m of a stiff to very stiff silty clay underlain by limestene slabs. The top of the limestone slabs
(as encountered in the boreholes) varies from about Elevation 72.3 m to 73.1 m (or a depth of about 4.5 m to
5.3 m below underside of proposed pile cap at Elevation 77.6 m} and the limestone slab tayer was found to be
about 6.9 m thick at Borehole B2 (it was not fully penetrated in Borehole #9) and contain numerous zones of
voids and/or loose soil infill, some up to about 0.2 m in thickness. The top of the limestone/dolomitic bedrock
was encountered at Elevation 66.2 m in Borehole B2, however the Rock Quality Designation (RQD) values
measured on recovered core samples from the upper portion of the bedrock were variable ranging from 13% to
71%, indicating a rock classification of very poor to fair quality to about Elevation 63.2 m. Below Elevation
63.2 m, the RQD of the bedrock in Borehole B2 was measured to be 83%, indicating a rock classification of good
quality at this elevation. It is noted that Arkosic Sandstone and Precambrian bedrock were encountered below
Elevation 62.6 m in the boreholes adjacent to Borehole B2.

West Pier — North Side Widening

The subsurface conditions at the area of the proposed West Pier, North Side widening (based on Borehole B7
(Golder, 2011) and Borehole #7 (DHO, Drawing No. D3349-9) included in Appendices A and B}, consist of up to
about 5.3 m of fill (comprised of a heterogeneous mixture of sand and gravel, rock fill, silt and silty sand
containing cobbles and boulders) overlying about 1.0 m to 1.5 m of a very stiff silty clay underlain by limestone
stabs. The top of the limestone slabs (as encountered in the boreholes) varies from about Elevation 72.9 m to
73.4 m (or a depth of about 4.2 m to 4.7 m below underside of proposed pile cap at Elevation 77.6 m) and the
limestone slab layer was found to be about 5.8 m thick at Borehole B7 (it was not fully penetrated in Borehole
#7) and contain numerous zones of voids andfor loose soil infill, some up to about 0.6 m in thickness.
In addition, an approximately 1.2 m thick layer of cobbles, boulders and silty clay was encountered below the
limestone slabs (at Elevation 67.6 m) in Borehole B7. The top of the limestone/dolomitic bedrock was
encountered at Elevation 66.3 m in Borehole B7, however the Rock Quality Designation (RQD) values measured
on recovered core samples from the upper portion of the bedrock were variable ranging from 0% to 67%,
indicating a rock classification of very poor to fair quality to about Elevation 64.0 m. Below Elevation 64.0 m, the
RQD of the bedrock in Borehole B7 was measured to be 84%, indicating a rock classification of good quality
at this elevation. It is noted that Arkosic Sandstone and Precambrian bedrock were encountered below
Elevation 63.2 m in the boreholes adjacent to Borehole B7.

The details of the surface elevations of the limestone slabs and bedrock at the borehole locations are
summarized below.

. Top of Est. Depth to Top of Est. Depth to
Location gﬁ?figz Limestone | Limestone Slabs, %3?_;:5: Top of Bedrock,
of West Borehole(s) | Ejovation Slabs below underside | -= . | below underside

Pier Elevation of Pile Cap* of Pile Cap*
Widening (m) (m)
(m) (m) (m)
South Side| B2 and #9 804 72.3t073.1 451053 66.2 1.4
North Side | B7 and #7 79.7 72910734 42t04.7 66.3 11.3

* Note: Based on Underside of Pile Cap at estimated Elev. 77.568 m.

e
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Laboratory unconfined compressive strength (UCS) testing carried out on three (3) samples of the limestone
bedrock from the site indicate UCS values ranging from about 40 MPa to 64 MPa. In addition, UCS interpreted
from point load index testing carried out on nine (9) samples of the limestone and dolomitic core indicate
strengths ranging from 14 MPa to 199 MPa.

Based on examination of the samples from Boreholes B2 and B7, the sub-horizontal bedding of the rock core
recovered from the limestone slabs layer suggests the possibility that the approximately 6 m to 7 m thick section
may have been displaced as a block during glacial activities at the contact between the limestone bluffs/rock
outcrops to the west and the lowlands fo the east. If bedding orientations had been more variable, it would have
suggested that the material was a talus deposit of blocks which could have fallen from the bluffs/rock outcrops to
the west, As described above, the limestone slab layer includes zones of voids and/or loose soll infill. These
zones in the limestone slabs layer varied from up to about 0.2 m thick at Borehole B2 to up to about 0.6 m thick
at Borehole B7.

The water level in the piezometer installed in Borehole B2 as measured on September 29, 2009 was found fo be
at about 4.3 m below ground surface (Elevation 76.1 m). It should be noted that groundwater levels in the area
are subject to fluctuations both seasonally and with precipitation events.

For more details regarding the subsurface conditions at this site, the reader is referred to the above noted Golder
(2011} report.

L
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4.0 MICROPILE FOUNDATION DESIGN RECOMMENDATIONS

This section of the report provides recommendations on the design of the micropile foundation aspects for the
proposed north and south side, west pier widening at the existing Highway 401/CNR Overhead structure.
The recommendations are based on interpretation of the factual geotechnical data obtained from the
boreholes advanced during the subsurface investigation at the site by Golder (2011) as well on the limited
stratigraphic information shown on the Department of Highways, Ontario Bridge Office drawing (original Drawing
No. D3349-9) titled, "Grade Separation of CNR and Hwy 401 (Line ‘C’), Plan of Borings” dated September 1953.

The interpretation and recommendations presented are intended only to provide the designers with a micropile
foundation system which is capable to withstand the loads provided by MRC and with sufficient information to
carry out the design of the proposed structure widening foundations and tie-ins between the old and new
foundations. Where comments are made on construction, they are provided in order to highlight those aspects
which could affect the construction of the west pier foundation of the project. Those requiring information on the
aspects of construction should make their own interpretation of the available factual information as such
interpretation may affect equipment selection, proposed construction methods, scheduling and the like.

4.1 General

The existing Highway 401/CNR Overhead structure is an approximately 66 m long, three-span structure and it
is our understanding that it is supported by a combination of shallow spread footings (west abutment and west
pier) and driven piles (east pier and east abutment). The proposed widening, by about 7 m on both the north
side and south side of the existing structure, is to be supported on shallow foundations at the west abutment,
caissons at the east pier and east abutment, and micropiles at the west pier. This report addresses only the
foundation design recommendations for the micropiles to support the north side and south side widening(s) of
the existing west pier on micropiles. The other foundation design aspects for the project (i.e., foundation
design recommendations for abutments and east pier and approach embankment stability and settiement) are
addressed in a separate report (Golder, 2011).

4.2 Design Methods

The micropile design was carried out in accordance with the FHWA/NHI Micropile Design and Construction
Reference Manual, Publication No. FHWA NHI-05-039 (FHWA/NHI 2005) and the American Railway
Engineering and Maintenance-of-way Association (AREMA) Manual for Railway Engineering (AREMA 2009).
The geotechnical aspects of the foundation design were evaluated using the Canadian Foundation
Engineering Manual, 3™ Edition (CFEM 1992) and 4" Edition (CFEM 2006) as well as the Recommendations for
Prestressed Rock and Scil Anchors (PTI 2004).

4.3 Design Procedures

The detailed foundation design procedures were carried out considering the space restrictions at the site, the
foundation conditions at the site (including the sensitivity of the existing structure foundations to settlement), the
current state-of-practice for micropile design and the practicality and cost effectiveness of different micropile
types/sizes from a construction/installation perspective.

P
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The proposed micropile foundation was analysed considering the following load capacity cases (AREMA 2008,
Section 4.2.2):

m Case A The capacity of an individual pile as a structural member,
m Case B: The capacity of the pile to transfer its load to the ground; and,
m Case C; The capacity of the ground to support the load from the pile or piles.

The soil-structure interaction analysis of the proposed micropile arrangement was carried out using GROUP 8.0
(3D) from Ensoft, Inc. The program models the non-linear response of the soil and/or rock by means of “p-y”
curves for lateral Joading, “t-z" curves for axial loading, and “t-r" curves for torsional loading. For closely spaced
piles, the pile-soil-pile interaction is taken into account by introducing reduction factors (or p-multipliers) for the
“p-y" curves used for each single pile.

4.4 Load Combinations

The load combinations, including the factored self-weight of the pile cap, as provided by MRC for the design of
the micropile group are presented below.

Load Combination
Load*

ULS-1 ULS-8
Axial Force (kN) 8,184.00 3,988.00
Shear Force along X-axis (kN) 429.30 -2,264.30
Shear Force along Y-axis (kN) -860.10 -168.90
Moment about X-axis (kN-m) 5,751.00 2,012.00
Moment about Y-axis (kN'-m) 13,087.00 4,339.20
Moment about Z-axis (kN-m) - 2,500.00

* Note: X-axis on micropile cap is in the horizontal plane oriented perpendicular fo rail track.
Y-axis on micropile cap is in the horizontal plane oriented parallel to rail track.
Z-axis on micropile cap is in the vertical plane.

For the purposes of design, based on discussions with MRC, the forces and moments tabulated above are
located at the centroid of the pile cap at a height of 1.2 m above the underside of the pile cap in the micropile
group analysis.

4.5 Micropile Group Arrangement and Cap Geometry

Based on preliminary input provided by Golder to MRC on the approximate axial and lateral load capacity of an
individual micropile, MRC developed an initial micropile group arrangement for consideration in the design. The
initial group micropile arrangement consisted of 35 micropiles; 7 rows of 5 micropiles per row, each spaced at a
center-to-center distance of 1.525 m along the length of the pile cap (i.e., along Y-axis parallel to the rail track)
with a center-to-center distance of 1 m along the width of the pile cap (i.e., along the X-axis perpendicular to the
rail track). The first row of micropiles (in the X-axis) was spaced approximately 0.5 m from the existing bridge

P TED
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foundations. In addition, in the first two rows of micropiles (in the Y-axis) (i.e., closest to the rail track), the piles
were vertical while in the remaining 3 rows, the piles were battered at an angle of 1 Horizontal to 3 Vertical
(i.e., TH:3V). The initial micropile cap was 10.2 m long (Y-axis), 5 m wide (X-axis) with a thickness of 1.2 m.

During the detailed micropile design, based on the results of the GROUP analysis and discussions on the
structural aspects (i.e., demand/capacity ratio) of the piles with MRC as well as discussions with a Micropile
Contractor regarding the construction and the desire to reduce the affects of installation on the existing bridge
foundation, the micropile group arrangement was modified as follows:

®  The group micropile arrangement was reduced to 30 micropiles; 6 rows of 5 micropiles per row based on a
requirement for adequate drilling clearances from the existing foundation and given the very conservative
demand/capacity ratios of the 35 micropile group;

m The micropile center-to-center distance in the group was changed to vary from approximately 1.525 m to
1.86 m along the length of the pile cap (Y-axis) with a center-to-center distance of 1 m along the width of
the pile cap (X-axis);

m The distance between the first row of micropiles (in the X-axis) and the existing adjacent bridge foundation
was increased to almost 1.4 m to provide better drilling clearance; and,

B The size of the pile cap was increased to 10.5 m long (Y-axis), 5 m wide (X-axis) with a thickness of 1.2 m.

The final micropile group arrangement and geometry is shown on Drawings 1 and 3 for the south and north side
widenings, respectively, as well as on the Contract Drawings from MRC included in Appendix C. it is noted that
the underside of the pile cap is located at the estimated Elevation 77.58 m.

4.6 Micropile Design - Structural Characteristics

Given the subsurface conditions at the west pier and the design loads for the pile group (in particular the high
lateral loads and bending moments), the micropile design considered the most technically feasible for the site
includes a partial-length permanent exterior casing (extending through the fills and silty clay and into the top of
the limestone slabs) and a full-length, grouted, central reinforcing bar (having the bond zone socketted into the
good guality limestone bedrock at depth).

The feasibility of a number of different micropile cross-sections was investigated as part of the foundation design
process. A total of four (4) different sections made from a combination of a hollow steel section (i.e., outer
casing), grout and either a solid or hollow core central reinforcing bar were analysed in the group pile
arrangements. The various micropile sections considered and used in the analyses were comprised of the
following components and associated steel section and reinforcing bar properties:

Hollow Steel Section
F,= 552 MPa (80 ksi)

178 mm O.D. x 13.8 mm (7" x 0.67)
273 mm O.D. x 16.5 mm {10-3/4" x 0.625")
273mm O.D. x13.8 mm (10-3/4" x 0.5")

November 2012
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Central Reinforcing Bar

Type Size Grade

Solid 57 mm (#18, 2.25") F,=520 MPa (75 ksi)
Hollow Core 103 mm O.D., 78 mm I.D. (103/78) F,=5670 MPa (83 ksi)
Hollow Core 127 mm O.D., 103 mm 1.D. (127/103) | F,=570 MPa (83 ksi)

In the analyses, the micropiles were assumed to be fully laterally supported as per Section 4.3.4 of the AREMA
manual (AREMA 2009). A 28-day compressive strength, f., equal to 35 MPa was assumed for the cement grout.

After reviewing the resuits of the various analyses and following several discussions and a meeting with a
Micropile Contractor to consider the practicality of construction of the different alternatives, giving due
consideration to the sensitivity of the adjacent EXlSting bridge foundations to movement, the following preferred
micropile design was selected:

m The upper portion of all micropiles to be surrounded by a 273 mm outside diameter {O.D.) steel casing
having a wall thickness of 16.5 mm. The casing will extend from within the micropile cap and terminate at
an embedment depth of about 300 mm into the limestone slab layer.

m  All micropiles to contain a hollow core steel central bar having an outside diameter of 103 mm and an inside
diameter of 78 mm. The hollow core central bars will be drilled through the limestone slab layer and into
the bedrock using a continuous thin grout flush (not water flush) with the added benefit of filling voids as
encountered during instailation. The central bar will extend from within the micropile cap and terminate at a
minimum embedment of 3.0 m into the good quality limestone bedrock.

m Below the casing and extending through the limestone slab layer and into the underlying competent
bedrock, the uncased diameter of all micropiles is assumed to be at least 175 mm (i.e., the approximate
diameter of a 175 mm sacrificial drili bit).

m  All micropiles to be completed with the injection of a neat cement structural grout.

The hollow core central reinforcing bar was selected over the solid central bar option for this project after giving
due consideration to the subsurface conditions, the sensitivity of the existing adjacent structure and the benefits
to be gained by the method of installation of this type of micropile reinforcement. The hollow core central bar will
be drilled into the subsurface strata (i.e. through the overburden soils, limestone slabs and bedrock) using a
sacrificial drill bit on the end of the hollow bar and employing a continuous grout flush (not water flush) to carry
cuttings away from the drill bit. With this installation methodology, voids that are encountered during drilling (e.g.
within the limestone slab layer) can undergo some degree of stabilization by the introduction of the continuous
grouting during drilling. If a solid central bar was used for the micropiles, the drilling would be advanced using a
compressed air or water flush which would have a higher risk of washing out loose materials, in particular within
the limestone slab portion of the stratum, with an associated higher risk of ground loss and movement of the
adjacent structure.
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WEST PIER MICROPILE FOUNDATION DETAIL DESIGN

The steel casing, the hollow core central bar and the grout have the following characteristics:

Steel Casing

d.273m
Steel Casing: ( m)

Grout
s HSS 273 x 16 {10 %" x 0.625")

= API-N8O ({threaded)
= F, =552 MPa (80 ksi)
= 273 mm outside diameter

Hollow central bar
»  16.5 mm wall thickness

(o0.d. 103 mm)

Upper “"Cased” Section

Hollow Core Central Bar:

= Titan Hollow-Thread bar 103/78 (or equivalent)
*« Fy=570 MPa (83 ksi)
* 103 mm outside diameter Grout
s 78 mm inside diameter

Approx. uncased dia. 175 mm

Final Structural Grout:

Hollow central bar

» fc=36 MPa (minimum at 28 days) (0.d. 103 mm)

»  \Water/Cement Ratio (by weight) < 0.45 Lower “Uncased” Section

The allowable stresses used for the steel and cement grout in the assessment of the structural capacity
of the micropiles (i.e., Demand/Capacity ratio) under the different Load Combinations were determined as
specified in Section 4.2 of AREMA (2008) and in accordance with Sections 5.6 and 5.7 of FHWA/NHI (20005).
These allowable stresses are summarize below, along with the assumed elastic properties of the micropile
material.

Allowable Stress | Allowable Stress | Modulus of
Material {AREMA} (FHWA’NH') Elasticity
(MPa)""! (MmPa)® (GPa)
~ Hollow Steel Section 304 259 200
Hollow Core Central Reinforcing Bar 314 268 200
Grout 14 14 26.6®

Notes: 1. 0.55 x Fy for Structural Steel and 0.4 x .. for cement grout.
2. 0.47 x Fy for Structural Steel and 0.4 x f'¢ for cement grout.
3. Equal to 4500 x . (with £ in MPa).

e
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4.7  Micropile Design — Foundation Model and Parameter Assessment

The development of the geotechnical model and the associated soil parameters for use in the GROUP analysis
was based on the results of the geotechnical investigation carried out by Golder in 2009 (Golder 2011)
supplemented by the stratigraphic information shown on the Department of Highways, Ontario Bridge Office
drawing (original Drawing No. D3349-9) titied, "Grade Separation of CNR and Hwy 401 (Line 'C"), Plan of
Borings” dated September 1953. In particular, the stratigraphy, in situ and laboratory testing as encountered in
Boreholes B2 and B7 {Golder 2011) and Borehole #7 and #9 (DHO Drawing No. D3349-9) were utilized.

Although the bridge widening and micropile foundation(s) are to be constructed on both the south side and north
side of the existing structure, an examination of the available information indicates the subsurface conditions for
these two areas are reasonably similar. The most significant differences appear to be in the composition and
consistency of the near surface fills which range from a coarse grained rock fill and very stiff siity clay fill on the
south side to a compact silty sand containing cobbles and boulders (fine grained rock fill) on the north side. In
order to utilize a single geotechnical model for the micropile group analysis, the conditions on both sides of the
bridge were considered and the more conservative conditions selected.

Based on the available information and the considerations noted above, the simplified subsurface stratigraphy
selected for the geotechnical model for the analysis comprises a sandy, fine grained rock fill overlying a stiff to
very stiff silty clay crust, underlain by a layer of limestone slabs over limestone bedrock.

The details of the geotechnical model and soil and rock parameters used in the analysis are summarized below.

. Effective
Elevation (m) Unit Angle of Poisson Ultimate Shait
. ' s E ; ucs K X
Material Weight Y Es0 Internal Ratio Resistance
(kNIm’) {kPa) Friction {MPa} T (MPa) | {(kPa/m) kP
From | To , (kPa)
@)
10,000
(above
Sandy, Fine GWT)
Grained Rock Fitt | 775 {794 19 - - 30 - - -] 7.500 Sto 15
(below
GWT)}
Stiff to Very
Stiff Silty Clay 75.4 731 20 80 0.007 - - - - 135,000 40
{weathered crust)
Limestone Slabs 73.1 66.2 19 - - 35 30 - - - B0to 75
Limestone Bedrock | <66.2 - 25 - - - 9,400 0.25 42 - 1,250

The following additional considerations as they relate to the selection of the soil and rock parameters for the
model should be noted:

m  Due to the spatial variability of the fill material(s} in the area, the effective angle of internal friction and the
gradient of the horizontal coefficient of subgrade reaction with depth (K) are assessed to be considerably
lower than the typical values fqr rock fill but higher than the lower bound value of loose sands.
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‘m  Given the variability in the consistency of the weathered silty clay crust, the soil parameters for this layer
are selected to be more representative of a stiff clay.

m Due to the presence of voids in the Limestone Slabs (as noted during the drilling and coring investigation),
the Limestone Slabs are conservatively modeled as a rock fill.

m The p-y curves for the Limestone Slabs (modeled as rock fill) and for the Limestone Bedrock have been
developed based on the model proposed by St. John and Zahrah (1987). [n this procedure the initial
tangent of the p-y curve is assessed by means of the solution of the theory of elasticity for a line load in &
infinite medium while the maximum value of the p-y curve is assessed by means of the limit resistance
provided by the Limestone Bedrock or by the Limestone Slabs to the pile.

m The Young's modulus for the Limestone Slabs (modeled as rock fill} is assessed considering the hyperbolic
function proposed by Duncan and Chang (1970) as in Marachi, Chan and Seed (1972).

m The Young's modulus for the Limestone Bedrock rock mass is assessed considering the intact rock
Young's modulus as proposed by Deere (1968), the Rock Mass Rating Index (RMR) and the equations
proposed by Hoek and Diederichs (2006).

m The Ultimate Shaft Resistance (or grout-to-ground bond value) in the bedrock has been estimated
using the results of the UCS tests performed on specimens of the bedrock core and considering the
recommendations in the Canadian Foundation Engineering Manual (CFEM, 2008) Section 18.6.4.2. The
value calculated was then checked with the recommended typical values for limestone bedrock found in
Recommendations for Prestressed Rock and Soil Anchors (PTI 2004) and the Micropile Design and
Construction Reference Manual (FHWA/NHI 2005).

When a conventional pile group is subjected to a vertical or lateral load, the group resistance is not necessarily
equal to the sum of the individual single pile resistances. The conventional group pile efficiency factor is
dependent on the pile type, spacing, instaflation method and soil or rock conditions which, in some cases, can
significantly affect (i.e., reduce) the group capacity.

For the proposed micropiles at this site (bonded into the good quality limestone bedrock at depth), an axial group
efficiency factor equal to unity was utilized in the analyses. For group efficiency under lateral load conditions,
the approach recommended by Brown et al. (1987) was employed in the GROUP analysis

4.8 Micropile Design — General Assumptions

It is our understanding that to facilitate construction adjacent to CNR tracks, no excavation below the elevation of
the adjacent rail track and only minimal grading will be permitted for construction of the micropile cap. In order to
satisfy frost protection requirements, it will be necessary to install a sufficient thickness of rigid extruded
polystyrene insulation below and adjacent to the cap. As such, the micropile design considers a gap of 125 mm
between the underside of the pile cap and the ground surface to accommodate a sufficient thickness of rigid
insulation with an equivalent frost protection thickness of 1.5 m. Given this, the micropile design is based on the
premise that all foundation loads (vertical and lateral) will have to be fully supported by the micropiles and that
there is no contribution of the soil immediately below or adjacent to the pile cap to resist the lateral or vertical
loads. The length of the bond zone (in good quality bedrock) required for the micropiles to support the axial
loads from the pier cap, has been calculated based on the maximum axial load in a single pile as estimated from
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the micropile group analysis. Further, for gravity grouted (Type A) micropiles with a bond zone in competent
bedrock, it is assumed that a group reduction factor for axial capacity is not required.

A Factor of Safety of 2.5 for the geotechnical capacity of the micropiles has been used based on the
recommendations in Section 24.3.2.5 of the AREMA (2009) manual, considering the micropile bond zone will be
formed in the competent medium strong limestone bedrock and assuming that at least one verification pile load
test (axial and lateral) will be conducted prior to commencing the production micropile instailation.

Corrosion testing results on a combined sample of the fill collected from Borehole B7 (Samples #5 and #7)
indicate a medium to high corrosion potential. In this regard, a 3 mm section loss (all around) has been
accounted for in the design of the outer casings of the micropiles based on the recommendations in FHWA/NHI
(2005).

4.9 Micropile Group Analysis Results

The proposed pile layout and cross-sections for the micropile foundation(s) are shown on Drawings 1 and 3 for
the south and north side widenings, respectively, and incorporate 30 — 273 mm (10-3/4") diameter micropiles.
The analyses indicate that the use of micropiles smaller than 273 mm (10-3/4") in diameter would be inefficient
and impractical given the geometry, soil conditions and load combinations at the pier widening.

In the design, each micropile consists of the following two (2} cross-sections as shown on Drawings 1 and 3:
m Upper —fully grouted HSS 273 x 16.5 exterior casing with a 103/78 hollow core thread bar

m Lower — fully grouted (approximately 175 mm diameter socket) with a 103/78 holfow core thread bar

In order to satisfy the load combinations and the requirements of AREMA (2009), the required total embedded
length of each micropile in the foundation strata is estimated fo range from about 17 m to 19 m, extending
through the fill(s), siity clay crust, limestone slabs and a minimum of 3 m into the good quality bedrock with a tip
elevation of about 60.2 m (south side) and 61.0 m (north side). The underside of the proposed new micropile
cap was assumed to be at Elevation 77.6 m.

The detailed results including shear force, moment and demand/capacity ratio for each of the micropiles in the
group for load combinations ULS-1 and ULS-8 are summarized in Table 1. The pile numbers and positions as
well as the calculated maximum and minimum resultant bending moment, shear force and deflection diagrams
for the micropile group arrangement are shown on Drawings 2 and 4 for the south and north side widenings,
respectively.

The results of the analysis indicate that the maximum internal forces and deflections in the micropiles take place
under Load Combination ULS-8 for the bending moment and shear forces, but take place under Load
Combination ULS-1 for the axial forces. The pile cap displacements and the calculated maximum internat forces
induced in a single, critical micropile within the proposed group are summarized below.
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=

L Max. Max.

§ Max. Axial Force Resultant | Resuitant Max. Cap )

3 ' Bending Shear Displacement Maximum =
£ (kN) Moment Force Demand/Capacity
S kN kN | mm)

.g (kN-m) (kN)

9 | compression | Tension Vert. | Lat™ | Long® | FHWA | AREMA
ULS-1 787 -157 42.2 41.9 3.4 2.9 2.0 0.60 0.64
ULS-8 328 -28 82.8 68.8 1.4 3.9 3.4 0.54 0.58

Notes: 1. Perpendicular to adjacent rail frack.
2. Parallel to adjacent rail track.
3. Demand over Capacity Ratio considering the combination of internal bending moments and axial forces in a micropile.

In the micropile group analysis, the pile cap is considered to be rigid and the micropiles are considered to be
fixed to the pile cap. The results of the analysis indicate that the maximum resultant shear forces and bending
moments occur at the contact between the pile cap and the micropiles. The results alsc indicate that the
torsional moments along individual micropiles vertical axes are not significant (less than 0.04 kN-m);

491 Axial Geotechnical Resistance

The axial geotechnical resistance of the micropiles will be primarily developed within the bond zone of the
micropile socketed into the bedrock.

The ultimate axial geotechnical capacity of a single micropile in compression for the above noted embedded
lengths, assuming a diameter of the bond zone in the bedrock of 175 mm, is estimated to be 1,970 kN. This
ultimate capacity satisfies the requirement that for the purpose of geotechnical analysis (i.e., Cases B and C
from AREMA (2009) as described in Section 4.3 of this report), the micropiles are to be designed using a factor
of safety equal to 2.5 in accordance with Section 24.3.2.5 of AREMA (2009). The factored (0.4) axial
geotechnical resistance at ultimate limit states (ULS) for a single micropile is 788 kN and it is noted that the
geotechnical capacity of a single pile at ULS is the governing factor in the design. The geotechnical reaction at
Serviceability Limit States (SLS) for the length of piles required at this site will be greater than the factored axial
resistance at ULS, since the micropiles are socketted into the limestone bedrock which is considered to be an
unyielding material.

4.9.2 Demand/Capacity Ratio

The Demand/Capacity Ratio of the proposed micropile sections were calculated manually following the
procedures recommended in FHWA/NHI (2005), which utilizes the guidelines of AASHTO (2002), as well as
those recommended in AREMA (2009), Section 1.3.14. Given the composite nature of the proposed micropiles,
the assumption is made in the calculations that the applied bending moments are resisted by only the steel
casing, while the applied axial forces are resisted by the entire composite section. This assumption is necessary
because AREMA (2009) and FHWA/NHI (2005) do not including bending analysis of composite sections.

Considering the combined axial compression and bending of the micropiles, the structural Demand/Capacity
ratio varied from about 0.19 to 0.60 with an average of 0.42 according to FHWA/NHI (2005). The Demand/
Capacity in accordance with AREMA (2009} varied from about 0.20 to 0.64 with an average value of 0.45.
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It is noted that the Demand/Capacity ratios are significantly less than 1.0. This approach to the design provides
an additional Factor of Safety to account for unexpected variations in the field, in the geotechnical subsurface
conditions and/or adjustments to foundation elevations during construction and/or variations in the impact load.
In this regard, a Demand/Capacity ratio of 0.65 is considered appropriate for the potential unforeseen conditions
at this site.

4.9.3 Buckling Potential

The potential for buckling of the micropile in the limestone slabs layer was also considered following the
recommendations in FHWA/NHI (2005). For the maximum thicknesses of voids encountered in Boreholes B2
and B7 (i.e., 0.6 m), an adequate factor of safety was achieved and therefore the potential for buckling is
considered low. The risk of buckling within a voided section of the limestone slabs is further mitigated by the fact
that a grout flush will be used during the drilling/advancement of the hollow core central bars for the construction
of the micropiles.

4.10 Micropile Dimensions

Based on the results of the micropile group analysis considering the load combinations as described in Section
4.4, the material properties outlined in Section 4.6, the soil and bedrock properties outlined in Section 4.7 and
the length of the uncased (bond) zone discussion in Section 4.9, the dimensions shown below are recommended
for the micropiles,

Location Average Average Plunge Length Estimated
Orientation Number Cased Uncased (of casing info Central Bar
(on West | ¢ Micropile | Required | Length®® Length limestone slabs) | Length™
pier) (m) (m) (m) (m)
Vertical 12 53804 1250+ 0.4 0.3 17.88 £
South Side
Battered"” 18 56704 | 1318+04 0.3 18.85 +
Vertical 12 493+£025 | 1215+0.25 0.3 17.08 +
North Side
Battered® 18 5201025 | 12.8+0.25 0.3 18.00 +

Notes: 1. Based on the assumption of a 0.5 m embedment length of the micropile central reinforcing bar and casing into the
pile cap (to be confirmed by the structural engineer).
2. Based on a batter of 1 Horizontal to 3 Vertical (1H:3V).

4.11 Micropile Installation/Technical Specifications

All micropiles should be installed in accordance with the NSSP “Technical Specification for Grouted Micropiles”
included in Appendix D. This specification was developed for this project in accordance with the guidelines
recommended by DFI and ADSC (DFI 2004), the FHWA and the NHI (FHWA/NHI 2005) and prepared following
the Ontario Provincial Standards (OPS) format. Due to the presence of voids as encountered within the
limestone slabs layer, it is noted that a Low Mobility Grout may be required at some depths and locations in
order to limit grout takes during the instaliation of the micropiles. In addition, the existing bridge structure should

=
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be monitored for movement in response to the drilling and grouting operations during construction. The drilling
method(s), sequence of pile installation and grouting pressures may have to be modified or controlled depending
on the response of the structure to the new construction. In this regard, any variations in the assumed field
conditions/parameters shall be submitted to Golder for evaluation.

411.1 Micropile Connection at Pile Cap

The design condition considered in the analysis for the connection of the micropiles to the pile cap was that the
micropiles would be fixed to the pile cap. Taking this into account, it is recommended that both the outer casing
and inner central bar of the micropiles be extended into the pile cap to accommodate the load and moment
transfer. The above recommendation can likely be provided by adopting a connection based on the typical detail
shown on Figure 1. The actual required dimensions and thicknesses of the embedment, bearing plate and
stiffener plates (as well as the need for any additional reinforcement, if required) will have to be determined by
the structural engineer.

4.11.2 Joints in Micropile Casing

As noted in Section 4.9, large bending moments are expected to occur within the upper (i.e., cased) section(s)
of the micropiles as a result of the high lateral loads and bending moments defined in the design load
combinations for the west pier. As such, the bending moment capacity of the threaded casing joint has been
evaluated in accordance with the recommendations of Section 5.18.3 of FHWA/NHI (2005).

For the recommended HSS 273 x 16 steel casing (i.e., 273 mm diameter with a 16.5 mm wall thickness), and
assuming a 3 mm section loss, as discussed in Section 4.8, the calculated maximum bending moment allowed
at a casing joint is 53 kN'm. In order to maintain a Demand/Capacity ratio of about 0.6 for the design, the
maximum bending moment at the threaded joints should be about 32 kN-m (i.e., 53 kN-m x 0.6).

The range of resultant bending moments within the micropiles for loading combinations ULS-1 and ULS-8 from
the GROUP analysis are show on Figure 2. From this figure it can be seen that to maintain a Demand/Capacity
ratio of about 0.6, threaded joints should not be allowed within about the upper 3.0 m of the casing section of the
micropiles below the pile cap. Given this, it is recommended that no threaded casing joints be allowed in the
micropiles above Elevation 74.58 m.

The above constraint will result in the requirement that single, unthreaded sections of casing up to about 3.5 m
(11.5 ft) in length be installed during construction. This requirement could affect the constructability of the
micropiles at the site in terms of the longest casing section that can be installed within the headroom restrictions
imposed by the existing bridge structure. Based on information provided by MRC, the foliowing approximate
clearances (or maximum head room) estimated to be available below the underside of the existing bridge girders
are summarized below. The Contractor shall verify these dimensions based on the existing field conditions prior
to commencement of the micropile drilling/installation.

. Elevation of Elevation of Base of | Estimated
Location of | ynderside of Existing | Pile Cap / Subgrade Vertical
W?:.: Pier Bridge Girders for Construction Clearance
nin
J (m) (m) (m) / (ft)
South Side 8541 % 77.58 + 7.83/257+
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. Elevation of Elevation of Base of Estimated
Location of | pderside of Existing | Pile Cap / Subgrade Vertical
:Uvg:;;:‘er Bridge Girders for Construction Clearance
i
9 (m) (m) (m)/ (£t
North Side 84.88 + 77.58 + 73071240+

Following discussions with a micropile contractor, it is our understanding that sufficient vertical clearance is
available at the site to facilitate the construction in accordance with the above requirements on locations of the
threaded joints in the casing. However, as an alternative to the above restrictions, the option could be provided
in the Technical Specification that all casing joints be constructed using full penetration field welds.

4.11.3  Drilling Requirements

The Micropile Contractor must select a drilling method that will minimize the potential for ground loss during the
advancement of the micropile through the sequence of limestone slabs and into the bedrock to minimize the risk
of surface settlement and movement of the existing pier foundation. In this regard, it is important that hollow
core centrai bars equipped with sacrificial drilling bits and advanced with a thin grout flush (not water flush) are
utilized to install the micropiles. The use of compressed air or other method(s) of drilling and installation of
micropiles, in particular through the limestone slab layer, that have a high potential for surface settlement and
movement of the existing pier foundations should not be allowed.

4.11.4 Grouting Requirements

The uncased section of the micropiles shall be installed by advancing the hollow core central bar (and sacrificial
drill bit) using a continuous thin grout flush during drilling. Flushing with water should not be allowed. The
water/cement ratio of the thin grout flush (by weight) shall not exceed 0.90.

If large voids are encountered during drilling (in particular within the limestone slab layer), it may be necessary
for the Contractor to stop advancement/drilling of the central bar and switch to injection with a Low Mobility Grout
{LMG) to minimize grout take within a particular horizon. The LMG grout should be thickened by a suitable
admixture (such as a thixotropic agent); thickening by use of an inert filler (such as sand) should be avoided
given the potential for difficulties in pumping such a thickened grout through the sacrificial drill bits. Grouting
pressures may have to be controlled depending on the response of the structure during micropile installation.

Upon completion of filling of the void (or upon achieving return of grout at surface), advancement of the central
bar by drilling and flushing with the thin grout flush may continue. Near completion of drilling {i.e., when the
sacrificial drill bit approaches the design tip elevation of the micropile), the Contractor shall inject a final structural
grout (with a water/cement ratio (by weight) less than 0.45) from the lowest point of the drilt hole until clean, pure
structural grout flows from the top of the micropile.

4.11.5 Lateral and Axial Pile Load Tests

Considering the recommendations for load tests on micropiles in FHWA/NHI (2005), Section 5.9.2 and on piles
in general in AREMA (2009), Section 4.3.6.2, and given the scale and importance of this project, it would be
appropriate to carry-out load testing on pre-production micropiles to verify the axial and lateral performance.
Axial load tests on selected production micropiles (minimum one (1) per group) should also be carried out.
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For the pre-production load tests, it is recommended that at least one (1) vertical micropile be subjected to‘axial
load testing and two (2) vertical micropiles be subjected to lateral load testing at the outset of the construction,
prior to the installation of any of the production micropiles. The purpose of the axial load test is to confirm the
axial geotechnical resistance at ultimate limit states (ULS), while the purpose of the lateral load test is confirm
the assumptions regarding the horizontal coefficient of sugbrade reaction of the upper soil layers.

It is recommended that the pre-production test micropiles be installed on the north side of the existing bridge
near the west ;iier widening area as the near surface overburden soil {in particular the silty sand fill} in this area
is considered to be more critical for the design and performance of the micropiles subjected to lateral loading.
The pre-production test micropiles shall be installed at a minimum distance of 2 m from the location of the
production micropiles.

During production micropile installation, it is recommended that a minimum of one vertical micropile be
subjected to proof load testing (under axial compression conditions) within each pile group on the north and
south side pier widening.

A proposed load test pile arrangement for the pre-production micropile testing is shown on Figure 3. The details
of the pile load tests (in terms of load increments and maximum applied loads) are included in the NSSP
“Technical Specification for Grouted Micropiles” in Appendix D.

4.11.6 Frost Protection

Based on the information provided in the Ontario Provincial Standard Drawing, OPSD-3400.010, a frost
penetration depth of approximately 1.5 m is expected at the location of the site. In order to avoid excavation
adjacent to the rail track and the embedment of the micropile cap for frost protection (as described in
Section 4.8), it is recommended that a 125 mm thickness of rigid extruded polystyrene insulation (i.e., DOW
Highload or equivalent) be installed below and around the perimeter of the pile cap, extending to a distance of
1.5 m in all directions.

4.11.7 Monitoring of the Existing Foundation

It is our understanding that the west pier of the existing bridge is founded on a spread footing supported on the
limestone slab layer. Given the likelihood of sensitivity of the existing foundation to movement and considering
the presence of voids within the limestone slab layer, it is recommended that a monitoring program be set-up to
continuously monitoring the petrformance and response of the existing bridge to the new construction.

Monitoring of the existing structure could include checking for settlement and tilt of the existing pier. The details
of the structural monitoring program, along with the Review and Alert Levels appropriate for the existing bridge
structure must be defined by the structural engineer.

In addition, it is recommended that the sequence of the installation of the micropiles within the group(s} be
specified in the Technical Specification so that the micropiles furthest from the existing foundation (i.e., Piles #1
to #5 as shown on Drawings 2 and 4) be installed first, while the micropiles closest to the existing foundation
(ie., Piles #26 to #30) be installed last. In this manner, given the type of micropiles recommended for
construction (i.e., hollow core central bars drilled with a continuous grout flush through the limestone siab layer),
the voided limestone siab layer that currently supports the existing west pier foundation, should undergo a level
of ground improvement as each micropile is advanced within the group.
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5.0 CLOSURE

This report was prepared by Mr. Gilberto Alexandre, Ph.D. and Mr. J. Paul Dittrich, Ph.D., P.Eng., a Senior
Geotechnical Engineer and Principal with Golder Associates Ltd. Mr. Fintan J, Heffernan, P.Eng., Golder's
Designated MTO Contact for this project, conducted an independent quality review of the report.
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West Pier Micropile Foundation Detail Design

TABLE 1: Detailed Results of Micropile GROUP Analysis - Load Combinations ULS-1 and ULS-8

November 2012

Resultant Moment Resultant Shear Foree Demand/Capacity Demand/Capacity
ULS case Pile P [kN) Shear Force Y (k) Shear Force Z (kiN} Moment x {kim) Mementy (kNm} Moment z (kNm} Displacement X, {mm) | Displacement ¥, {mm) } Displacement Z, (mm) . according ta AREMA,
{kNm) (kN} according to FHWA
{2009}

1 1 -149.78 -6.5% -25.38 0.04 27.80 1.65 7.9 6.2 -0.7 -1.3 -1.5 0.23 0.23
1 2 16.99 -10.65 -27.03 2.04 29.87 -3.07 30 29,3 0.1 -1.6 : -L7 .19 0.20
1 3 18364 -14.70 -28.66 .04 31.80 -7.73 32.7 322 0.9 -1.9 -1.8 0.28 0.31
i 4 523.16 -30.65 8.6 0.04 -1.08 -34,70 34.7 21.8 2.3 -1.9 1.5 0.44 0.41
1 5 717.72 -34.20 9.17 0.04 -1.60 -37.99 38 35.4 3.1 -0 1.5 0.54 0.51
1 3] -151.01 -9.25 -24.81 0.04 27.51 -1.53 27.5 26.5 -0.7 -1.5 -1.5 0.23 0.23
1 7 15.76 -13,19 -26.32 0.04 29,35 -6.10 30 23,4 0.1 -1.8 : -1.7 0.1% .22
1 B8 182.42 -17.09 -27.88 0.04 31.23 -10.65 33 32.7 0.9 -2.1 -1.8 0.28 0.32
1 9 535,65 -29.85 10.84 0.04 -3.97 -34.33 344 31.8 2.3 . -1.9 1.7 0.44 0.43
1 10 736.21 -33.53 11.79 0.04 -4.66 -37.53 37.8 355 3.2 -2.0 1.7 .55 2.53
1 11 -152.26 -12.34 -24.83 0.04 27.50 -4.92 7.9 277 -0.7 -1.7 -1.5 0.23 025
1 12 14.52 -15.23 -26.34 0.04 29.34 -9.46 30.8 30.9 0.1 -2.0 -1.7 0.1% 0.24
1 13 181.17 -20.07 -27.87 0.04 31.20 -13.96 342 34.3 0.9 -2.3 -1.8 0.29 0.34
1 14 548.35 -29.90 13.68 .04 -7.15 -34.15 34.9 39 2.4 -1.9 1.9 0.45 0.45
1 15 742.92 -33.53 14.76 0.04 -7.94 -37.52 38.3 36.6 3.2 =245 1.9 0.56 0.55
i 16 -153.78 -16.43 -25.23 0.04 27.74 -9.27 29.2 30.1 0.7 -1.9 -1.5 0.24 0.28
1 17 13.00 -20.34 -26.78 0.04 29.60 -131.81 32.7 33.6 0.1 -2.2 -1.7 0.2 0.27
1 i8 179.66 -24.18 -28.32 0.04 31.47 -18.31 36.4 37.2 0.9 -2.5 -1.8 0.3 Q.37
1 19 563.84 -30.45 17.52 0.04 -11.28 -34.51 36.3 351 2.5 -1.9 2.1 0.47 .49
1 20 758.41 -33.98 18.70 0.04 -12.15 -317.80 39.7 38.8 3.3 -2.0 2,1 0.57 0.58
1 21 -155.02 -18.98 -24.65 0.04 27.31 -12.30 799 31 -0.7 -2.1 -1.5 0.25 0.30
1 212 11.75 -22.69 -26.19 0.04 29.11 -16.71 33.6 346 0.1 -2.4 1.7 0.21 0.28
1 23 178.41 -26.36 -27.58 0.04 30.93 -21.0% 174 382 .9 -2.7 -1.8 0.3 0.38
1 24 576.54 -29.68 19.72 $.04 -14.05 -33.96 36.7 35.6 2.5 -1.9 2.3 0.47 0.50
1 25 77111 -33.28 21.14 .04 -15.09 -37.31 4.2 39.4 3.4 -2.0 2.3 0.58 0.60
1 26 -156.54 -23.13 -25.02 0.04 27.52 -16.66 32.2 34,1 0.8 -2.4 -1.5 G.26 .32
1 27 10.23 -26.86 -26.52 0.04 29.36 -21.67 36.1 37.7 0.0 -.6 -1.7 0.22 .31
1 28 176.89 -30.41 -27.93 0.04 31.16 -25.40 40.2 41.3 0.9 -2.9 -1.8 0.32 0.41
i 25 592.04 -30.15 23.58 0.04 -18.18 -34.26 38.8 38.3 2.6 -1.9 25 0.49 0.54
1 30 786.60 -33.63 25.05 0.04 -19.27 -37.54 42,2 41.9 3.4 -2.0 2.5 0.6 0.64
8 1 -28.12 68.76 -3.30 0.03 4.01 B2.70 82.8 68.8 -0.1 3.8 -0.2 0.51 .53
8 2 83.65 59.56 -4.13 0.03 5.13 75.01 75.2 59.7 0.4 3.6 -0.3 0.4% 0,51
8 3 195.39 57.50 -5.31 0.03 65.50 7347 72.8 57.7 0.9 34 -0.3 0.52 0.55
5 4 80.15 -6.86 -58.35 0.03 73.58 -8.60 741 58.7 0.4 -0.4 -3.5 0.48 0.53
8 5 210.61 -8.02 -58.50 £.93 73.78 -0.96 74,4 59 0.9 -0.5 -3.5 0.54 .58
8 & -18.13 66,98 -3.32 $.03 4.03 80.47 80.6 67,1 -G.1 3.6 L 2 0.49 0.52
8 7 93.63 57.90 -4.15% 0.03 514 72.89 731 58.1 0.5 3.4 0.3 0.48 0.51
8 8 205.37 55.84 -5.35 0.03 6.52 79.34 70.6 56.1 1.0 3.3 -0.3 0.52 0.54
8 9 101.47 -6.89 -56.91 0.03 71.76 -8.62 723 57.3 0.5 -0.4 -3.4 0.48 0.52
8 10 231.93 -8.06 -57.05 0.03 71.96 -9.99 72.6 57.6 1.0 3.5 -3.4 0.54 0.58
8 11 -7.97 6519 -3.35 0.03 4.05 7822 783 65.3 .0 3.5 -0.2 0.48 0.50
] 12 103.78 56.36 -4.19 0.03 5.17 70.83 71 56.5 G.5 3.3 -0.3 D.47 Q.53
B 33 21552 54.28 -5.41 0.03 6.56 68,26 68.6 54.5 1.0 31 -0.3 G.51 .53
8 14 12315 -6.94 -55.58 0.03 70.02 -8.66 70.6 56 0.5 -0.4 -3.3 0.48 0.52
8 15 253,60 3,12 -55.72 0.03 78.20 -10.03 76.2 56.3 1.1 -0.5 -3.3 0.54 0.58 .
8 16 4.41 63.01 -3.38 0.03 4.07 75.48 75.6 £3.1 0.0 3.3 0.2 0.46 0.48
] 17 116,15 54.3% -4.24 503 5.20 68.26 68.5 54.6 0.6 3.1 -0.3 0.46 0.49
3 18 22790 52.22 -5.46 G.03 6.60 65.63 66 52.5 il 2.9 -0.3 0.5 .52
8 19 149.58 -7.01 -53.90 0.3 67.84 -B.7CG 98.4 543 0.7 -0.4 P-31 0.48 0.52
8 20 280.03 -8.19 -54.03 0.03 58.01 -10.08 58.8 54.6 1.2 0.5 C-31 0.59 0.58
8 F 14,55 6113 -3.4% ' 0.03 4.09 73.16 733 61.2 LA 3.1 -0.2 0.45 2.47
8 22 126.30 52.65 -4.27 0,03 5.23 66.06 66.3 52.8 G.6 3.0 0.3 .45 .48
8 23 238.04 55.38 -5.50 0.03 6.63 53.40 63.7 50.7 1.1 2.8 -3.3 (.49 0.51
8 24 171.26 -7.435 -52.44 0.03 66.00 -8.73 66.6 529 0.8 -0.4 3.0 0.48 0.51
8 25 301.71 -8.25 -52.57 0.03 66.16 -10.12 66.9 53.2 1.3 -0.5 -3.0 0.54 0.57
8 26 26.93 58.81 -3.45 0.03 4.11 70.33 7.4 58.9 0.1 3.0 -0.2 0.44 0.46
8 27 138.67 50.50 -4.32 0.03 5.26 63.40 63.6 50,7 0.7 2.8 . -0.3 0.44 047
8 28 250.492 48.15 -5.55 0.03 6.66 60.70 61.1 48.5 1.7 2.5 -0.3 0.48 0.50
8 29 197.69 -7.11 -50.67 .03 63.78 -8.77 64.4 51.2 0.9 -0.4 . -29 0.47 0.51
] 30 328.14 -8.32 -50.80 1.83 63.94 -10.17 64.7 515 1.4 -G.5 -2.9 0.53 0.57

Max, 785.60 68.76 25.05 0.04 73.78 82.70 82.80 68.80 3.4 3.8 2.5 .60 .64

Min -156.54 -34.20 -58.50 0.03 -19.27 -37.9% 27.50 25.20 -0.8 -2.9 -3.5 .19 .20

Notes:

X-Axis coincides with the axis of the each pile

Y-Axis and 2-Axis are perpendicular to the X-Axis and orthogonal to each other

Report No. 08-1111-0044 {4050)

Golder Associates Ltd.
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SCHEMATIC OF POSSIBLE MICROPILE CONNECTION DETAIL
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Figure 2

FLUSH JOINT CASING - THREAD LOCATION DETAILS

CNR BRIDGE REHABILITATION AND WIDENING
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MIS-NTO 001 08-1111-0044 GPJ GAL-MISS GDT 123410 DD

OF 2
PROJECT 0811110064 RECORD OF BOREHOLE No B2 1 METRIC
GW.P,__ 789301 LOCATION N 4904273 3 .E 3072054 ORIGINATED BY HEC
DIST HWY _401 BOREHOLE TYPE _ Pottabts Equipmonl, Conlinuous Sampling, NW, BW, AW, EW Casing, Wash Boring COMPILED BY M
DATUM _Gecdetic DATE Augusl 26 - Seplember 1, 2009 CHECKED BY KSL
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES I W |RESISTANCE PLOT 2_;_ NATURAL = REMARKS
ral & PLASTIC yowsrore VORI, ¢ s
b e 5] & 20 4 e 80 wo [T conent MM 2 Q
Sle w22 2 T - W w | S8 | crawsizE
ELEV e|B| & 5 lagl © |SHEAR STRENGTH kPa 5 . DISTRIBUTION
IPTION HE 215z &
DEPTH DESCR SI2| £ | 3138| § [o unconriNeD  + FIELDVANE ¥ %)
£1= z 20| & |e auickiraxaL x RemouLpgp| WATER CONTENT (%)
30.4]  GROUND SURFAGE ! L 2% 50 75 ¥Nim* {GR SA S CL
0.0 Rack FILL
80 e
.z
1.2 Coarse gtained rock M), some
gravel and grey-brown silly clay 79 N
{FILL) 1 BWRg DD
Moist
2 BWR{ DU 78
77.5
Sity clay {FILL) g
77T Very slift 3] 88 12
3.4 \ Grey-brown / 77
Maoist
Fine grained rock fill, irace sand, 4 pWRQ DD
some grey-hrown silly clay {FELL} :
Maist 5 AWWRQ LD K
76 i S S QISR
6 WWRY DD
7654
51 SILTY CLAY (Weathered Crusl) 7
SIiff to very sUff 47| ss] 13 75 A
Grey-brown o grey 3
Maisl
i 8 | 88 | 72 1
7es
2 74|
ues
9 S8 28 =]
734 %
7.3 LIMESTONE SLABS, wilh some ' [N P—
volds and soil infilling
Grey
1 10| RC DD
72 PR P PR —
?111| rc | oD
7
104
;"fg or ;‘me 5"?: 12| re | DD
'0id of Joose soil
03] S TiESTONE SLABS, with some o111 T
voids and sofl infiling =y IR L
Grey f =
683 N 7
Void or 1oose Soi
13 LIMESTONE SLABS, wilh some 69
veids and soll infiling A,
Grey g 13| RC DD %
68 b
4% RC : DB
_ 67|~ P
15| RC Db
66.2 /é
143 1l re REG (1] I Se— RSP SR SRS N e ROD:-TWD
9%
v/

Conlinuad Next Page
ontin 4 + 3 3 Numbers refer to

3%
Sensilivity O ** STRAIN AT FAILURE



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

RECORD OF BOREHOLE No B2

2 oF 2 METRIC

Badrock cored botween 143 m
and 17.9 m depth,

For badrock coring detalls reler
1o Record of Drillhole B2.

Ead of Borehole

Note:

Waler leve! in well screen
al 4.3 m depth {Elev. 76.1}
on Sepl. 28, 2003,

PROJECT __08-1111-0044
GW.P. 789501 LOCATION N 4904273.3 ;E 307205.4 ORIGINATED BY _HEG
DIST HWY 401 BOREHOLE TYPE __Poriable Equipment, Continuous Sarpling, NW, BW, AW, EW Casing. Wash Boring COMPILED BY JM
DATUM _Geodetic DATE Augus! 26 - September 1, 2008 CHECKED BY KSL
SOIL PROFILE SAMPLES [ | W |Borepanc i o NETRATION
o NATURAL - REMARKS
W | = PLASTIC Lo L
=2l o Lty MOISTURE E &
= o |25 » 20 40 60 B0 100 GONTENT z 9
Sl w =g = T e w w | S8 | oramsize
ELEV & @ E &l g [= _'O: SHEAR STRENGTH kPa 1 P S—— DISTRIBUTION
BERTH DESCRIPTION SI21F | 5 {331 5 |0 UNCONFINED & FIELDVANE Y %)
|2 7 lg° @ | & QUICKTRIAXIAL X REMOULDED| WATER GONTENT (%)
— CONTINUED FROM PREVIOUS PAGE — m 20 40 80 B0 GO 25 S0 75 kNm' [GR SA St CL
652 LIMESTOME (BECROCK) Cii RC ROD = 71%
1652 Fresh 85
Thinly bedded — g e
Wesh cz| re | RS2 RQD = 13%
Greenish-gray /
4.3 LIMESTONE {BEDROCK) R
16.1 Fresh lo wealhared
Thinly bedded
Weak ci| RC 535,,? 64 RQD = 55%
Grieenish-grey and reddish-gray ¢
1IMESTONE (BEDROCH)
a3.2 Fresh
37.2 Thin!E bedded REC
: eal _— — =
Raddish-grey / Cal RC |y00% 63 RQD = 83%
626 TPIESTONE {BEDROCK) A
17.9 Fresh
Thinly bedded
Medium sirong
Grey
Nola:

-+ 31 x 3 Numbers refer lo

Sensitivily

3%
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MIS-RCK 003 08-1111-0044 (ROCK). GPJ GAL-MISS GOT 12/31C 0D

PRQJECT: 0B-1111-0044
LOCATION: N 49042733 E 3072054

RECORD OF DRILLHOLE: B2

DRILLING DATE: August 26 - Seplember 1, 2009

DRILL RIG: Porlable

SHEET 1 OF 1

DATUM; Geodelic

INCLINATION: -50° AZIMUTH: ---
DRILLING CONTRACTOR: OGS
=) 5 |wjz] FRFXFRACTURE F-FAULT SMSMOOTH  FLFLEXURED: | BC-BROKEN CORE
w & e [ ﬁ CL-CLEAVAGE  J-JOINT R-ROUGH UE-UNEVEN MB-MECH BREAK
o g =] o |5 _lalwh shsHEAR P-POLISHED ST-STEPPED  W.WAVY 8-BEDDING 97 NOTES
B | x DESCRIPTION Q |ELEV. | = QE || vy S-SLICKENSIDED PL-PLANAR C-CURVED ES2 WATER LEVELS
k70 Y Q |oErPTH Sz RECOVERY FRACT DISCONTINUITY DATA HYORAULIC gE ] INSTRUMENTATION
5= 1| 3 =l om |® f:, < [T Fsam | Fal | moex [ Teory CONDUCTIMTY | E53
s} E' P % | 8| corcx | cosex ® | PER© 2 |odimaxy| TYPEAND SURFAGE |, K emisse =
2} Lol = als [ P R DESCRIFTION 5Bb%® |,
Continuad from Racord of Borehole B2 56 10
: LIMESTONE (BEDROCK) 1230 §
- Fresh N
- Thinly bedded c -
MY Weak r
» Greenish-gray NN 8530 naa L N i
[ LIMESTONE (BEDROCK) 1620 -
» Fresh to weathered o2 :
i Thinly bedded k
- Weak ] | [ ]| ]
— 16 Greenish-grey and reddish-gray I Lk =
- LIMESTONE (BEDRGCH} o0 :
o Fresh ca :
- Thinly bedded ]
N Weak ' 7
- 17 Reddish- o
: eddish-gray - 1 4 ] -
- LIMESTONE (BEDROCK) 1720 p
- Fresh ca I 3
: Thinly beddod 3
o Medium strong 8250 E
~ 18 Grey 17.90 -
N End of Crillkole :
- 10 E
- =0 -
- 21 ]
— 2 =
- = _'
— E
— 25 _
- 2 -
- 27 4]
— -]
e 20 .
DEPTH SCALE LOGGED: HEC
1:75 CHECKED; KSL




MIS-MTO 001 $8-1411-0044 GPJ GAL-MISS GDT 2/310 DO

man,
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Sensilivily
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PROJECT 0841310044 RECORD OF BOREHOLE No B7 oF 2 METRIC
GW.P, 789301 LOCATION N 4804318.2 ;E 307227.7 ORIGINATED BY DG
DIST HWY 40t BOREHOLE TYPE _ Porlable Equipment, Continuous Sampling, AW, BW Casing, Wash Baring COMPILED BY JM
DATUM _Gepdelic DATE June 19, 2009 CHECKED BY KSL
SOIL PROFILE SAMPLES [ o | tu |DERMIC GONE ETNETRATION MARKS
ai 4 pLastic NATURAL ) oun = R
=21 g LT MOISTURE . “rumt B % &
b w |28 @ 20 40 60 80 100 CONTENT z9
A I I EF Z 1 . L L L W w w | 5% | eramsize
ELEV DESCRIPTION & o | o 2|2 & 8 SHEAR STRENGTH kPa . DISTRIBUTION
DEPTH (3] ¢ | 5 |38] = [o unconFNED  + FIELDVANE Y %)
El= 2 |€0] © [e QUICKTRIAXIAL x REMOULDED] WATER CONTENT (%)
79.7 GROUND SURFACE w 20 40 80 80 100 25 0 75 kNmm® |GR 5A 81 CL
0.0 Sand and gravel, trace silt (FILL)
Compact 11858 | 28
Grey-brown
7ag|  Mowl 7 | 55 Banag 79 -
Rock FILE 3 AWRA DD
10 N\ _Grey e
Silly sand, some grave), frace day,
wilh cobbles and boulders {(FILL) 4 AWRQ DD
Compacl 7 s
Grey-brown 8 o
Malst to wet
5|85 | 16 o
6| 85 | 15 77|
7 85 18 [«)
75.9 76— I
EX: Siit, some ctay, lrace sand {FILL) 55 17 ° 0 8 &7
Gray-brown
Wet
7652
4.6 Silly sand, wilh cobbles and 58 27 75—t -
boulders (FILL)
Grey AW Rg D
74.4 Wet
5.3 SILTY CLAY, irace gravel 85 [710.18
(Weathered Crusi)
Very stif 85 | 96 74} =%
Grey-browa
73.4 13 ] 88 {11/0.23 —e—
731 LIMESTONE SLABS \‘i\@
VOID or loose seil 73
727 14 AW RQ DD
LIMESTONE SLAB
72,3
74 VOID or loosa sail
15 pWRG DD 72 -
717
1A LIMESTONE SLAB N7 mime i e o
VOID er leose 5ok
710
[IMESTONE SLABS 17 hw Rt DD [ B S R s S ]
0.6
703 VGID or loose soll
LIMESTONE SLABS N
VOID or loose sof 18 WWR(Q DD 70
50.6 LIMESTONE SLABS N
VOID or oose soil - 19 WWR{Q DD
VOID or foose soil
109 From 5.3m o 12,2 dopih; 69 —
LIMESTONE SLABS, with 20 W RGO DD
nurmerous voids and occasional
inclined bedding planes
Grey
2t WRd DD 11 S R
676
12.2 Grey COBBLES, BOULDERS and
red brown SILTY CLAY
22 EWRG DD 87 S PN U P
66.3 23 EWR{ DO
13.4 LIMESTONE (BEDROCK) REC
Fractured — ’ I IR N _ = %,
5.7 Medium sirong 7. C1EWRQ v, 66 RQD = 42.3%
d Grey 1o reddish brown o REC rrent vy
4.1 i =S RS ge; )
C3 Ew R REC RQD = 0%
i 76.3%
REC 85 —ep1n
c4 EW R( 100% RQD = 58.1%
Conlinued Noxt Page
+ 3‘ % 3. Numbers refer 1o o 3% STRAIN AT FAILURE




MIS-MTO 001 08-1111-0044 GPJ GAL-MISS GOT 12/3/10 DD
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PROJECT  0B1111.0044 RECORD OF BOREHOLE No B7 2 oF 2 METRIC
GW.P. 789901 LOCATION N 4904318.2 ;E 3072277 ORIGINATEDBY DG
DIST HWY 401 BOREHOLE TYPE _Porable Equipment, Conlinuous Sampling, AW, BW Casing, Wash Boring COMPILEDBY UM
DATUM _Gepdalic DATE Jung 14, 2008 CHECKED BY K51
DYNAMIC CONE PENETRATION
SOIL PROFILE SAMPLES e W |RESISTANGE PLOT stic MATURAL oo . REMARKS
=3 b MOISTURE O = x s
B w |25 » 20 40 60 80 g0 [UMT oy VWIS O
Si%l Wl b E El 3 e Lot W, w w | 5@ | oransize
FLEY DESCRIPTION o il 28] 8 SHEAR STRENGTH kPa o DISTRIBUTION
BDEETH Zi5 P 3 &1 < |o unconFINED + FIELD VANE v %)
£12 7z |£0] G |e auckirixaL x RemouLDED] WATER CONTENT (%)
— CONTINUED FROM PREVIOUS PAGE — w 20 40 80 80 100 25 80 75 kN/m* |GR SA St CL
:: Ir?;lsE}.]STONE {BEDROCK) c4 Ew Rd 1%%& RQD =58 1%
Thinly bedded T5 EW R REC _ROD=667%
Medium strong C5 EW ROt 100% ROD=0%
Grey lo reddish brown REC 64
100%
Note: G7 EW RQ REC RQD = 83.9%
Bedrock cored between 134 m 100%
fgé and 16.5 m deplh.

For bedrock corting details refer
fo Record of Drillkale B7.

/

End of Borehole

F 3' x 3. Numbers refer to

Sensilivily

0 3% STRAIN AT FAILURE
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PROJECT: 08-1111-0044 RECORD OF DRILLHOLE: B7 SHEET 1 OF 1
LOCATION: N 4804318.2 |E 307227.7 DRILLING DATE: June 18, 2009 DATUM: Geodetic
DRILL RIG: Portable
INCLINATION: -90°  AZIMUTH: --- LR
DRILLING CONTRACTOR: OGS
[a) o laz] FREXFRAGTURE F-FAULT SH SMOOTH  FL-FIEXURED | BC-BROKEN CORE
ur 5 @ I ‘é CL-CLEAVAGE  J-JGINT R-ROUGH UE-UNEVEN  MB-MECH BREAK
Sol| @ 3 o 1% |l stsHERR P-POLISHED  SE-STEFPED  W-WAVY B-BEDDING 97 NOTES
D | & DESCRIPTION L |ELEV. = O B[z} vhVEIN 5-SLICKENSIDED PL-PLANAR C-CURVED EBE WATER LEVELS
Ihl @ Q foep| 5 [2E RECOVERY FRAGT DISCONTINUITY DATA WoraULG | SEH | IMSTRUMENTATION
E Z13 SHhm [l om T eom | e | NOEX oo, conqueTviry | 269
fat é’ 5 & 8| conen | coRkx PER 08 {cons axs| TYPE AND SURFACE | Kd,crr"’ﬂ%
il © |2 |geen|spen saen|cun]onge] OSHTM coba |,
Continued from Racord of Borehole 87 30 l |
E | BAESTONE (BEDROGK) 40 :
- Fractured cs .
" Medium sirong n
- U Grey to reddish brown o500l E  EemESE -
- LIMESTONE {BEDROCK) LAl s
- Fresh :
[ Thinly bedded BEER NN 4
- Madium strong 3
15 Grey to reddish brown 4 ]
- [ 1 :
- [ -
F -
N c7 ]
- 6336
o €nd of Drithote 1660
7 -

HLARRERER

T
2
L1

T

. :

T

LR WAL

21 .
1

22 ]

]

— 73 ‘
1

— |
|

— 25 " 3
28 ‘1
27 .
28 :

IBAENEAERREEEELEREEERE ERRERRE]
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DEPTH SCALE
1:76
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WEST PIER MICROPILE FOUNDATION DETAIL DESIGN

APPENDIX B

Original Foundation Drawings (from Department of Highways, Ontario)

% November 2012
35 Report No. 08-1111-0044 (4050}
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SUPPLY EQUIPMENT FOR INSTALLING MICROPILES - Item No.
PRE-PRODUCTION MICROPILE - Item No,

PRODUCTION MICROPILE - Item No.
PRODUCTION MICROPILE TESTING - Hem No.
GROUT FOR MICROPILES — Item No.

Non-Standard Special Provision QOctober 2012

1.0 SCOPE

This Special Provision covers the requirements for the installation and testing of grouted micropiles at west pier
for the widening of the existing Highway 401 structure over CNR line (Mile 171.10 of the Kingston
Subdivision), located approximately 310 m east of the Montreal Street interchange in Kingston, Ontario, as
shown on the Contract Drawings,

1.01 Qualifications of the Contractor
The minimum pre-qualification requirements of the micropile Contractor are specified as follows:

i. The Contractor shall be fully experienced in all aspects of micropile construction and with the execution of
pile load tests. The Contractor shall demonstrate that he has successfully completed at least three (3)
projects in the previous five (5) years of similar scope, complexity and size.

ii. The micropile superintendent, micropile project manager and the drill and grout operators responsible for
installation of the micropile system must have micropile installation experience on at least 3 successfully
completed projects over the past 5 years. The Contractor shall provide resumes of key personnel who will
be present full time on site (and will be substantially involved) and who will each have at least five (5) years
of relevant experience. These personnel include as a minimum the micropile superintendent, the micropile
project manager, the foreman driller and grouter and the Quality Verification Engineer.

iii. The micropile work shall be carried out in whole by a specialist Contractor having the qualifications stated
above.

2.0 REFERENCES
This Special Provision refers to the following standards, specifications or publications:
Ontario Provincial Standard Specifications, General and Construction:

OPSS 180 Management of Excess Material
OPSS 903 Piling

QPSS 904 Concrete Structures

OPSS 905 Steel Reinforcement for Conerete
QPSS 906 Structural Steel

Ontario Provincial Standard Specifications, Material:

OPSS 1002 Aggregates — Conerete
OPSS 1301 Cementing Materials
OPSS 1302 Water

OPSS 1303 Admixtures for Concrete



QPSS 1350 Concrete - Materials and Production

OPSS 1440 Steel Reinforcement for Concrete

OPSS 1442 Epoxy Coated Reinforcing Steel Bars for Concrete
OPSS 1840 Non-Pressure Polyethylene (PE) Plastic Pipe Products

Canadian Standards Association Standards, CSA:

A23.1-04/A23.2-09 Concrete Materials and Methods of Concrete Consiruction/Methods of Test and
Standard Practice for Concrete

A283-06 Qualification Code for Concrete Testing Laboratories

G30.18-09 Billet-Steel Bars for Concrete Reinforcement

(G40.20-98/G40.21-04  General Requirements for Rolled or Welded Structural Quality Steel/Structural Quality
Steels

W59-03(R2008) Welded Steel Construction (Metal Arc Welding)

American Society for Testing and Materials Standards, ASTM:

AT22/AT22M-07 Uncoated High-Strength Bar for Prestressing Concrete

A 252-10 Standard Specification for Welded and Seamless Steel Pipe Piles

C144-11 Standard Specification for Apgregate for Masonry Mortar

D1143M-07 Standard Test for Piles Under Static Axial Compressive Load

D3966-07 Standard Test Methods for Deep Foundations Under Lateral Load

Di784-11 Standard Specification for Rigid Poly {Vinyl Chloride) (PVC) Compounds and .
Chlorinated Poly (Vinyl Chloride} (CPVC) Compounds

D3689-07 Standard Test Methods for Deep Foundations Under Static Axial Tensile Load

D 4380-84 (2006) Standard Test Method for Density of Bentonite Slurries
American Welding Society (AWS):

D1.1/D1.1M:2004 Structural Welding Code - Steel
D 1.4:2005 Structural Welding Code — Reinforcing Steel

American Society of Civil Engineers (ASCE):
ASCE 20-96  Standard Guidelines for the Design and Installation of Pile Foundations
International Organization for Standardization/International Electrotechnical Committee, ISO/TEC

IS 17025:2005 General Requirements for the Competence of the Testing and Calibration Laboratories
Others:

Post Tensioning Institute Publications - Recommendations for Prestressed Rock and Soil Anchors — 2004.
Canadian Foundation Engineering Manual (CFEM), 4™ Edition.

Federal Highway Administration Publication No. FHWA NHI-05-039: Micropile Design and Construction
Reference Manual, December 2005 (FHWA 2005).




3.0 DEFINITIONS
For the purposes of this Non-Standard Special Provision, the following definitions apply:

Admixture means a substance added to the grout to either control bleed and/or shrinkage, improve flowability,
reduce water content, retard setting time, or resist washout,

Alignment Load (AL) means a nominal load applied to a micropile during testing to keep the testing equipment
correctly positioned.

Apparent Free Micropile Length means the length of micropile that is not bonded to the surrounding ground,
as calculated from the elastic movement data during testing,

Bond Length means the length of the micropile that is bonded to the ground and capable of transferring the
applied axial leads to the surrounding soil or rock.

Bond-Breaker means a sleeve placed over the reinforcement steel to prevent load transfer.

Casing means a steel pipe introduced during the drilling process to temporarily stabilize the drill hole and/or
permanently reinforce the pile.

Centralizer means a device used to centrally locate the reinforcing element(s) within the casing and/or borehole
to ensure that minimum grout cover is provided.

Central Bar or Central Steel means steel reinforcing bars (sold or hollow core) or pipes used to strengthen or
stiffen the pile, excluding any left-in drill rod or casing.

Coupler means a device used to transmit load from one partial length of reinforcement to another.
Creep Movement means the movement that occurs during the creep test of a micropile under a constant load.

Design Engineer means the Engineer retained by the Contractor who produces the Working Drawings and
designs the pile load test system(s).

Design Checking Engineer means the Engineer retained by the Contractor who checks the Working Drawings
and the design of the pile load test system(s).

Design Load (DL) means the anticipated final maximum service load in the micropile. The design load
includes appropriate factors to ensure that the overall structure has adequate capacity for its intended use.

Duplex Drilling means a drilling system involving the simultaneous rotation and advancement of (inner) drill
rod and (outer) drill casing in which the cuttings from the inner drill rod exit the borehole via the annulus
between the rod and the casing.

Flastic Movement means the recoverable movement measured during a micropile load test.

Encapsulation means a corrugated or deformed tube protecting the reinforcing steel against corrosion.

Engineer means a professional engineer, licensed by Professional Engineers, Ontario to practice in the Province
of Ontario.

Flush Grout means a suitably thin Portland cement based grout that is injected through the micropile hollow
core central reinforcing bar during drilling,



Free (Unbonded) Length means the designed length of the micropile that is not bonded to the surrounding
ground or grout during testing,.

Low Mobility Grout means a low slump grout with a mix design that typically contains sand or a suitable
admixture (thixotropic agent) in order to conirol s travel from its point of injection.

Micropile means a bored, cast-in-place pile containing steel reinforcement, designed to accept load (axial,
bending or lateral) directly, and transfer it to an appropriate bearing stratum.

Maximum Test Load (TL) means the maximum load to which the micropile is subjected during testing,

Overburden means a non-lithified material, natural or placed, which normally requires cased drilling methods
to provide an open borehole to underlying strata.

Post-Grouting means the injection of additional grout into the load transfer length of a micropile after the
primary grout has set.

Pre-Production Micropile means a sacrificial micropile that is not part of the final foundation system and is
subjected to load testing to verify the design and installation procedures.

Primary/Structural Grout means a Portland cement based grout that is injected into the micropile hole prior
to, during or after the installation of the reinforcement to provide the load transfer to the surrounding ground
along the micropile and affords a degree of corrosion protection when the micropile is in compression.

Production Micropile means a micropile that forms part of the final foundation support system to a structure.

Proof Load Test means the incremental loading of a production micropile, recording the total movement at
each increment.

Quality Verification Engineer (QVE) means an engineer who has a minimum of five (5) years experience in
the field of design and/or installation of micropiling 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 certify that the work is in
general conformance with the Contract Documents and to issue Certificate(s) of Conformance.

Reinforcement Steel means the steel component(s) of the micropile which accepts and/or resists applied
loadings. This includes the central steel bar and the permanent steel casing on this project.

Residual Movement means the non-elastic (non-recoverable) movement of a micropile measured during load
testing,

Rotary Percussive Duplex (Concentric) means a drilling system involving the simultancous rotation,
percussion and advancement of an (inner) drill rod and an (outer) drill casing in which the cuttings from the
inner drill rod exit the borehole via the annulus between rod and casing,

Rotary Percussive Duplex (Eccentric or Lost Crown) means a drilling system involving the simultaneous
rotafion, percussion and advancement of an (inner) drill rod combined with an eccentric underrcaming bit and an
(outer) drill casing in which the cuttings from the inner drill rod exit the borehole via the annulus between rod
and casing. Previcusly called the Overburden Drilling Eccentric (ODEX) System.

Sheathing means a smooth or corrugated piping or tubing that protects the reinforcing steel against corrosion.




Spacer means a device used to separate elements of a multiple-clement steel bar reinforcement.
Tremie Grouting means the placing of grout in a borehole via a grout pipe introduced to the bottom of the hole.

Ultimate Grout-To-Ground Bond Value means the estimated ultimate geotechnical unit grout-to-ground bond
strength selected for use in design.

Verification Load Test means a pile load test performed to verify the design of the pile system and the
. construction methods proposed, prior to installation of production piles.

4.0 DESIGN AND SUBMISSION REQUIREMENTS
4.01 Design Requirements

The Contractor shall be responsible for the design of the pile load testing set-up including the reaction system(s),
the reaction piles/ground anchors and all loading frame connections.

The reaction piles/ground anchors and the reaction system(s) shall be designed to safely withstand the applied
loads specified in the Contract Documents,

The design assumptions of the reaction piles/ground anchors, the reaction system(s) and all loading frame
connections shall accurately represent the subsurface conditions prevalent at the site.

Except as specified herein, the reaction piles/ground anchors shall be designed in accordance with the design
recommendations of the Post Tensioning Institute Recommendations for Prestressed Rock and Soil Anchors
(2004).

4.02 Submission Requirements
4.02.01 Site Survey

One week prior to commencing any work associated with the micropile operation, the Contractor shall submit to
the Contract Administrator, a condition survey of property and structures that may be affected by the work. The
survey shall include, but not be limited to, the locations and conditions of adjacent properties, buildings,
underground structures, utility services and structures such as bridges at or adjacent to the site.

4.02.02 Working Drawings

At least three (3) weeks prior to the commencement of the micropile operations, the Contractor shall submit
three copies of the Working Drawings to the Contract Administrator for information purposes only. These
Working Drawings shall bear the seal and signature of the Design and Checking Engineers who have a
minimum of five years of experience on projects of a similar nature and scope to the required work.

Information to be shown on the Working Drawings shall describe and illustrate the complete details of the
micropile installations, as well as the micropile testing equipment, test set-up, and reaction system(s) for the pre-
production and production test micropile(s). The information on the Working Drawings shall include the
following:

a) Plans, Elevations and Sections (at each of the south and north side pier widenings)
i micropile spacing
i, orientation

iil. minimum total micropile length



iv. casing plunge length

V. uncased bond length
vi. design load
vii, a unique identification number for each micropile

vili.  micropile components and details

b Materials

i physical properties of reinforcement steel (central bar and casing)
it. physical properties of pile top attachment
iii. bond length grout materials and mix proportions
iv. corrosion protection material physical/mechanical properties
c) Micropile Installation
i construction methods
ii. work restrictions
i, schedule of major equipment resources
iv. sequence of pile installation and coordination of work
V. procedures for monitoring micropile installation
vi. type, number and location of pre-production load tests
Vii. method of evaluation of load test results
d) Micropile Construction Details
i. Detailed description of the proposed construction procedures.
it Method of drilling the micropile holes and maintaining the stability of the holes during the
micropile installation.
iii. Method to be employed to penetrate the limestone slab layer and limestone bedrock while
minimizing the surface ground movement at the adjacent structure.
iv. Detailed description of the drilling equipment and materials including drill bit/auger diameter

and lengths, casing diameter and lengths, flush type, slurry materials or other materials to
facilitate the construction of the micropile hole.

V. Method of verifying the lengths of micropile holes.

vi. Detailed description of the grout mixing procedure and the method of grout installation and
placement. The description shall include the grout pressures and details of the grout mix
design(s) and procedure(s) for limiting the grout takes within the voids in the limestone slab

layer.
e) All design assumptions, loads, parameters and bond stresses used for the micropile load tests.
f) Testing records and evaluation when testing has been completed to assess bond stress and micropile
movement.
4.02.03 Mill Certificates

The Contractor shall submit to the Contract Administrator at the time of delivery to the job site, one copy of the
certified mill test reports, indicating that the steel meets the requirements for the appropriate standards for casing
and central bar reinforcement, plates and shapes. The ultimate strength, yield strength, elongation, and material
properties composition shall be included. For steel pipe used as permanent casing, or core steel, the Contractor
shall submit a minimum of two representative coupon tests or mill certifications on each load delivered to the
project.




Where mill test certificates originate from a mill outside Canada or the United States of America the Contractor
shall have the information on the mill certificate verified by testing by a Canadian laboratory. The laboratory
shall be accredited by a Canadian National Accreditation Body to comply with the requirements of ISO/IEC
17025 for the specific tests or type of tests required by the material standard specified on the mill test certificate.
The mill test certificates shall be stamped with the name of the Canadian testing laboratory and appropriate
wording stating that the material conforms to the specified material requirements. The stamp shall include the
appropriate material specification number, the date and the signature of an authorized officer of the Canadian
testing laboratory.

One copy of the stress-strain curves representative of the lots to be used shall be submitted to the Contract
Administrator together with the mill test certificates detailed in OPSS 1440.

4,02,04 Grout

The Contractor shall submit to the Contract Administrator a suitable, site specific grout mix design(s), including
details of all materials to be incorporated, and the procedure for mixing and placing the grout. This submittal
shall include certified test results verifying the acceptability of the proposed mix design(s). The acceptability of
the mixes will be further verified on site prior to production.

4.02.05 Installation Records
The Contractor shall submit micropile installation records, signed by the Quality Verification Engineer, to the

Contract Administrator, within 3 business days after each pile installation (including all test piles and production
piles) is completed. The installation records shall include the following information:

a) Pile identification number and location;
b) Pile drilling duration, including date of installation and start and finish time;
c) Pile drilling observations, including nature of and variation in cuttings return, penetration rates for each

(.5 m of penetration, presence of boulders or obstructions or voids, connections between holes, top of
limestone slab layer, top of bedrock;

d) Information on depth of drilling and soil and rock types encountered, including description of strata,
depth fo water, etc.;

e) Sequence of installation;

D Inclination and direction;

2) Final tip elevation;

h) Casing tip elevation;

i) Cut-off elevation;

i) Length and diameters of all components;

k) Bar length, spacers/coupler details;

D Casing length, joint location details;

m) Description of unusual installation behaviour, conditions, voids, high grout takes;

n) Any deviations from the intended parameters, exceptions and “unusual” events;

0) Grout pressures attained, where applicable;

p) Grout mix proportions;

Q) Grout quantities pumped, inchuding depths were larger than normal grout takes occur;

1) Pile materials and dimensions;

5) Micropile test records, analysis and details;

) As-built drawings showing the location of the piles, their depth and inclination, and details of their

composition shall be submitted within thirty (30) calendar days of each pier completion.



4.02.06 Micropife Load Testing

The Contractor shall submit to the Contract Administrator details of the micropite load testing, three (3) weeks
prior to construction. The details shall include the following:

a) Detailed description of the proposed load testing procedures.

b) Shop drawings and structural calculations for the design of the pile load testing, including reaction
system(s). The structural calculations shall confirm that the materials will meet the specified load and
movement criteria.

¢) Detailed plans for the set-up method proposed for testing the pre-production and production micropiles
including all necessary drawings and details to clearly describe the test method, means for providing
reaction, equipment proposed including independent reference beams for measuring micropile head
movement. Special attention shall be paid to ensuring safety and providing adequate structural stability of
the reaction piles/ground anchors and loading frame connections.

d) Calibration reports for each test jack, pressure gauge, and master pressure gauge to be used. The calibration
tests shall have been performed by an independent testing laboratory and tests shall have been performed
within one year of the date submitted. Testing shall not commence until the Contract Administrator has
approved the jack, pressure gauge and master pressure gauge calculations.

4.02.07 Quality Control
4.02.07.01 Interim Inspections during Installation of Micropiles
The Quality Verification Engineer shall carry out Interim Inspections of the:

a) drilling and casing installation (including cleanliness of casing and depth of penetration of casing into
the limestone slab layer); and

b) drilling and grouting with central hollow-bar reinforcement steel (including depth, diameter and length
of penetration into bedrock, and grout takes in limestone slab lfayer).

The above shall be carried out for each individual micropile to verify that the works are constructed in general
conformance with the Contract Documents and Working Drawings.

4.02.07.02 Certificate of Conformance
4.02.07.02.01 Pre-Production Micropile Tests

The Contractor shall submit, to the Contract Administrator, a Certificate of Conformance sealed, signed and
dated by the Quality Verification Engineer (QVE) upon completion of all of the pre-production micropile
testing, The certificate shall state that the pre-production micropiles have been installed and tested in general
conformance with the Contract Documents and Working Drawings.

4.02.07.02.02 Production Micropile Tests

The Contractor shall submit, to the Contract Administrator, a Certificate of Conformance sealed, signed and
dated by the Quality Verification Engineer (QVE) upon completion of each production micropile test. The
certificate shall state that the production micropile has been installed and tested in general conformance with the
Contract Documents and Working Drawings.



4.02.07.02.03 Production Micropiles

The Contractor shall submit, to the Contract Administrator, a Certificate of Conformance upon completion of all
of the micropile installations. The certificate shall be sealed, signed and dated by the QVE. The cettificate shall
state that all of the production micropiles have been supplied and installed in general conformance with the
Contract Documents and Working Drawings.

4.02.08 As-Built Drawings

As-built drawings shall be submitted to the Contract Administrator in a reproducible format prior to final
acceptance of work.

The as-built drawings shall be dated and bear the seal and signature of the Quality Verification Engincer.
5.0 MATERIALS

5.01 Water

Water for mixing grout shall be according to OPSS 1302.

5.02 Admixtures

Admixtures shall be according to OPSS 1303. Admixtures which control bleed, improve or control flowability,
reduce water content, and retard set may be used in the grout only if the admixture manufacturer certifies that
their use will not affect the required properties of the grout. Expansive admixtures shall only be added to the
grout used for filling sealed encapsulations (if used). Accelerators and admixtures with chlorides shall not be
permitted. Admixtures shall be compatible with the grout and mixed in accordance with the manufacturer’s
recommendations.

5.03 Cement
All cement shall be Type GU General Use hydraulic cement conforming to QPSS 1301.
5.04 Fillers

Inert fillers, such as sand, may be used in the grout in special situations (e.g., presence of large voids in the
ground) to limit grout take and travel and only if the QVE certifies that their use will not affect the required
properties of the grout.

5.05 Grout

The grout mix materials and procedures for placement and testing shall conform to OPSS 1301, OPSS 1302,
OPSS 1303, OPSS 1350 and CSA A23.2-1B.

The Contractor shall provide a stable, homogenous neat cement grout or a sand-cement grout. The grout shall
be free of any lumps and not contain any evidence of poor or incomplete mixing. The grout shall be mixed to
the supplier’s specification. The water /cement grout ratio of the thin grout (by weight) shall not exceed 0.90.
The water/cement ratio of the grout (by weight) shail not exceed 0.45. The structural grout shall have the
following physical properties:

a) A minimum compressive strength of 25 MPa at 7 Days.
b) A minimur compressive strength of 35 MPa at 28 Days.
b) No segregation and a bleed of less than 2 percent when allowed to stand for 1 hour.



5.06 Reinforcement Steel
5.06.01 Central Bar

The central bar reinforcement steel shall be continuously threaded Titan Hollow Bar or approved equivalent,
according to OPSS 1440 with minimum yield strength of 570 MPa.

5.66.02 Couplers

Couplers for the central bar reinforcement steel shall be as specified by the supplier of the central bar and shall
develop at least 100% of the guaranteed minimum ultimate strength of the central bar.

5.06.03 Casing

The steel casing shall meet the requirements of ASTM A252-10, Grade 3 with mininum yield strength of 552
MPa.

New “Structural Grade” (a.k.a. “Mill Secondary™) steel pipe meeting the above but without Mill Certification is
acceptable for use as permanent casing provided it is free from defects (dents, cracks, tears) and is accompanied

by two coupon tests per truckload confirming it meets the above requirements.

All casing joints shall be threaded or comprised of full penetration field welds. The casing joints shall develop
at least the required compressive, tensile and/or bending strength used in the design of the micropile.

5.07 Plates and Shapes
Structural steel plates and shapes for pile top attachments shall be according to OPSS 906 Grade 300W.
5.08 Centralizers and Spacers

Centralizers shall be fabricated from schedule PVC pipe or tube, steel, or material that is non-detrimental to the
reinforcement steel. Wood shall not be used.

6.0 EQUIPMENT

0.01 General

All equipment for the installation, testing and monitoring of the pre-production (verification) and production
micropiles shall be suitable for the intended purposes and capable of working on the site under the prevailing

access and clearance conditions.

The equipment used shall be capable of installing and grouting the micropiles to the prescribed depths or
elevations without damage to the pile materials or to the adjacent structures.

6.02 Grouting Equipment
All grout mixers, pumps and hoses shall be of an adequate capacity and shall be sized to enable the grout to be
pumped in one continuous operation, while keeping the grout in consiant agitation prior to pumping, and to

allow continuous grouting of an individual micropile with the final structural grout within one hour,

A high speed, high shear, colloidal grout mixer with a gauge to measure the quantity of water discharged into
the mixer shall be used. A paddle mixer is not acceptable,




The grout pump(s) shall be equipped with a pressure gauge to monitor grout pressures of at least 1 MPa or twice
the actual grouting pressures used, whichever is greater.

6.03 Micropile Testing Equipment

The equipment shall be capable of loading the test piles to the maximum specified test load (TL) within the
rated capacity.

The equipment shall be capable of loading the pile in increments so that the load on the pile can be increased or
decreased in accordance with the test procedures outlined in the Contract Documents.

Dial gauges shall have at least a 75 mm travel and longer gauge stems or sufficient gauge blocks shall be
provided to allow for greater travel where required. Gauges shall have precision of at least 0.02 mm.

Dial gauges shall allow the measurement of total micropile movement at every load increment to be read to the
nearest 0.02 mm increment. The gauge shall have sufficient travel to record the total pile movement at Test
Load without the need to reset at an interim point.

Loading equipment shall be calibrated within an accuracy of +/-2% immediately prior to use.

Current calibration curves, dated and bearing the seal and signature of an Engineer shall be provided for all
gauges and jacks.

7.0 CONSTRUCTION
7.01 General

The Contractor shall be responsible for the material, fabrication, installation, testing and monitoring of the test
micropiles and the production micropiles. In addition, for non-Owner designed reaction piles/ground anchors,
the Contractor shall be responsible for design parameters and the design of the reaction piles/ground anchors.

The Contractor’s attention is specifically drawn to the following details:

a. The drilling, grouting and micropile installation shall be carried out immediately adjacent to the west pier
foundation of the existing Highway 401 bridge (over the CNR line Mile 171.10 of the Kingston
Subdivision) which is comprised of spread footings founded on limestone slabs and considered to be
sensitive to settlement. The Contractor shall select construction techniques (including the use of hollow
core central steel reinforcement bars, with sacrificial drill bits, to allow the simultaneous drilling and
injection of grout during installation of the micropiles) that will prevent settlement or heave of the existing
structure. The Contractor shall select drilling and grouting methods and be prepared with suitable
equipment and procedures to penetrate through the overburden soils, limestone slabs and into the bedrock
while minimizing basal heave, soil cave in and surface ground movement at the adjacent structure so as to
avoid causing an unacceptable level of distrubance as defined clsewhere in the Contract Documents. The
use of rotary percussion drilling with compressed air flush to advance the micropile through the limestone
slab layer and into the bedrock will not be allowed.

b. The equipment as well as the drilling, grouting and installation method shall allow for modifying the grout
type from the thin grout utilized during the drilling and flushing of the hollow core central bars to a thicker
Low Mobility Grout (LMG) to minimize grout takes where voids are encountered, if necessary. Gouting
pressures shall be controlled to prevent movement of the adjacent structure during micropile installation.

¢. The lateral performance of the micropiles relies, in part, on the short embedment of the outer casing within
the limestone slab layer, the elevation of the top of the limestone layer which is anticipated to be variable at



the site. In this regard, the Contractor shall ensure that the permanent outer steel casings are embedded
0.3 m beyond the top of the limestone slab layer. However, advancement of the casing significantly beyond
the elevation of the top of the limestone slab layer is to be avoided due to the risk of disturbance to the
limestone slab layer that supports the adjacent existing bridge foundation.

d. Where mechanical connectors are used for the casing, threaded joints shall not be located above Elevation
74.58 m (e.g., no threaded joints allowed within the portion of the micropile extending down from the top of
the pile to within 3 m below the underside of the pile cap). In this regard, the Contractor shall verify that
sufficient vertical clearance exists below the underside of the existing bridge girders to satisfy this casing
installation requirement prior to the commencement of micropile drilling.

The Contractor shall not proceed with the installation of production micropiles until the satisfactory completion
of the pre-production load tests and until approval has been given by the Contract Administrator.

The Contractor shall control all drilling fluids, water and drill cuttings during micropile installation and upon
completion of the micropile installations shall clean up, and off-site dispose of all excess fluids and cuttings in
accordance with the requirements of OPSS 180.

The Contractor shall comply with all environmental provisions as specified elsewhere in the Contract
Documents.

7.02 Subsurface Conditions

A Foundation Investigation Report that describes the subsurface conditions for the project is available, as
specified elsewhere in the Contract Documents. The Ministry warrants that the information provided in the
Foundation Investigation Report can be relied upon with the following limitations and exceptions:

a) Any interpretation of data or opinions expressed in the reports is not warranted.

b) Although the raw measured data presented is warranted, the Contractor must satisfy itself as to the
sufficiency of the information presented for the intended construction purpose and obtain any updating
or additional information as required to facilitate the deep foundation works.

The Contractor is alerted that the micropiles will be installed (in part) through the overburden soils, limestone
slab layer containing voids or zones of loose soil and into the underlying limestone bedrock. Voids or loose soil
zones, interpreted to be up to 0.6 m in height, were encountered in the limestone slab layer during the foundation
investipation. The factual information contained in the Foundation Investigation Report (that is available as
specified elsewhere in the Contract Documents), provides information on the subsurface conditions at the site.

7.03 Transpertation, Handling, Storage

Casings and central bar reinforcement shall be transported, stored and handled in such a manner that damage
and distortion is prevented and that the strength and infegrity are maintained.

All materials, including cement, additives for grout and pile reinforcement steel (central bar and casing) shall be
stored off-ground, under cover and protected against moisture and directly from the elements,

Lifting of any casings and bar reinforcement shall not cause excessive bending.
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7.04 Installation of Micropiles
7.04.01 General

The Contractor shall install the micropiles in accordance with the diameter, orientation and length specified in
the Contract Documents and as detailed on the Working Drawings.

The micropile installation technique shall be such that it is consistent with the geotechnical, logistical,
environmental, and load carrying conditions of the project.

The micropiles will be installed in close proximity to each other and to the existing spread footing foundation at
the west pier of the existing adjacent bridge. The Contractor shall carry out the drilling and grouting works in
such a manner to prevent any damage to previously installed micropiles, to prevent any loss of ground, and to
prevent ground movement at the adjacent bridge structure. In this repard, the sequence of installation of the
micropiles, at both the south side and north side widening, shall start furthest from the existing bridge and
progress along the row(s) perpendicular to the adjacent rail line.

Movement of the existing bridge structure shall be monitored as specified elsewhere in the Contract Documents.
The Contractor’s method of installing the micropiles shall be adjusted according to the observation(s) of the
response of the adjacent bridge during the course of the work to minimize undue impact to the overall structure.

if the bridge structure monitoring indicates movements of the existing structure are within acceptable limits (as
specified elsewhere in the Contract Documents) following installation of the first row(s) of piles at the
widenings, the next row of piles closer to the bridge can be installed. Subsequent to this, the next row(s)
progressively closer to the existing structure can be installed so long as the bridge structure monitoring indicates
total movements remain within acceptable limits.

If, at any point in the micropile installation, the bridge structure monitoring indicates that the Review Levels
(Threshold Limits) are being reached, the Contractor will have to re-evaluate and modify the micropile
installation and grouting method prior to continuing construction.

The available working space is limited. The Contractor shall inspect the work area to ensure that adequate
access and headroom are available for the proposed equipment and procedures for the micropile installation
work.

7.04.02 Drilling

The Contractor shall employ drilling equipment and methods suitable for drilling through the anticipated
subsurface conditions to be encountered and cause no damage or disruption to these conditions or any overlying
or adjacent structure or service. The Contractor shall use steel casing during drilling and installation. Bentonite
slurries to stabilize the holes are not permitted.

The upper cased sections of the micropiles shall be drilled using duplex drilling technigues with the cuttings
returning up the inside of the casing. The lower uncased sections of the micropiles shall be installed using the
hollow core central steel reinforcing bars with sacrificial drill bits that allow the simultancous drilling and
injection of grout,

Drilling shall be conducted in a manner that does not result in significant loss of ground beyond the hole
diameter. Disposed cuttings from the upper cased sections of the micropiles shall not exceed 110% of the
theoretical borehole volume based on the outside diameter of the casing. The Contractor shall take appropriate
measures to prevent interconnection between drill holes during the work.



The Contractor shall determine and schedule all installation techniques such that there will be no
interconnection or damage to previously installed micropiles.

7.04.03 Reinforcement Steel
7.04.03.01 General

Pile reinforcement steel (central bar and permanent casing) shall be installed as specified in the Contract
Documents and detailed on the stamped Working Drawings.

The Contractot’s attention is drawn to the Contract Drawings which show the embedment requirements for the
permanent casing into the limestone slab layer as well as for the central bar into the good quality bedrock for
each pile.

7.04.03.02 Placement

The Contractor shall be responsible for determining the number of centering devices required. As a mininwm,
centralizers shall be provided at 3 m centre maximum spacing on the central bar reinforcement. The uppermost
centralizer shall be located a maximum of 1.5 m from the top of the micropile. Centralizers shall permit the free
flow of grout without misalignment of the reinforcement.

All pile top elevations shall be checked and adjusted to ensure all installed micropiles are installed to the
planned elevations.

7.04.03.03 Connections

The pile reinforcement steel connections (splices and joints) shall be constructed to develop the required design
strength of the pile section. The central bar reinforcement steel connections (splices) shall be constructed using
mechanical connectors only. The casing connections shall be constructed using either mechanical connectors
(e.g., threaded joints) or full penetration field welds.

If mechanical connectors are used for the casing, threaded joints shall not be located above Elevation 74.58 m
(e.g., no threaded joints allowed within the portion of the micropile extending down from the top of the pile to

within 3 m below the underside of the pile cap).

The proposed pile splice/connection details shall be submitted to the Contract Administrator, for information
purposes only, prior to use.

Reinforcement steel central bar connections shall not be in the same plane as casing connections/splices.

Secure lengths of casing and reinforcement steel central bar shall be joined in proper alignments and in such a
manner that causes no eccentricity between the axes of the two joined lengths or the angle between them.

7.04.04 Grouting
7.04.04.01 General

The grout shall be installed as specified in the Contract Documents and as detailed on the stamped Working
Drawings.

The Contractor shall provide systems and equipment to measure the grout quality, quantity and pumping
pressure during the grouting operations.




During advancement of the hollow core central reinforcement bar (with sacrificial drill bit), the Contractor shall
continuously flush the hole using the thin flush grout. Flushing with water shall not be allowed.

The Contractor’s attention is drawn to the expected presence of voids and/or zones of loose soil in the limestone
slab layer which may necessitate the use of a thicker Low Mobility Grout (LMG) to minimize grout takes at
some locations.

Upon completion of drilling of the uncased section of the micropile to the design tip elevation, the Contractor
shall inject the final structural grout from the lowest point of the drill hole until clean, pure structural grout flows
from the top of the micropile (to be verified by specific gravity testing with a Baroid mud balance).

Subsequent to completion of grouting, all installation operations associated with completion of the micropile
must ensure complete continuity of the grout column. The use of compressed air to directly pressurize the fluid
grout is not permissible. The grout pressures and grout take volumes shall be controlled for each stage of each
pile to prevent excessive heave or fracturing in the foundation soils, rock formations or adjacent structure. The
entire micropile shall be grouted to the design cut-off level.

The grout within the micropiles shall be permitted to attain the minimum design strength prior to being loaded.
Any micropiles not installed according to the specifications shall be replaced, or otherwise remediated
appropriately. The cost of replacement and any required foundation modifications are to be carried out at no
additional cost to the Owner.

If necessary, the Contractor shall undertake cold weather protection requirements, preparation and protection in
accordance with CSA CAN3-A23.1. The temperature of the grout during mixing and pumping shall be
maintained between 10 °C and 30 °C.

7.04.04.02 Quality of Grout Mixture

7.04.04.02.01 General

Any grout mixture showing evidence of dampness, lumps, harden pieces, or contamination shall not be
incorporated into the work.

The Contractor shall be responsible for testing of bleed, preparation and initial storage of grout cubes for
determination of compressive strength, and delivery of the grout cubes to a testing laboratory designated by the
Owner.

The Contractor shall employ staff from a testing company certified according to CSA A283 - Certification for
Additional Tests 1B, by an organization accredited by the Standards Council of Canada, to carry out testing for
bleed, making and curing of grout cubes and early strength determination.

Making of grout cubes for compressive strength test and testing of bleeding, shall be done on a level, vibration
free surface.

The Contractor shall perform and record specific gravity testing using a Baroid mud balance following ASTM
D4380-84 on the grout utilized for each and every micropile,

7.04.04.02.02 Bleed Requirements

The testing for bleed of the grout shall be according to CSA A23.2-1B.



Prior to the grouting operation, in the presence of the Quality Verification Engineer and the Contract
Administrator, a trial batch shall be mixed and the grout tested for bleed, to ensure that the grout meets the
requirements specified in the Contract Documents. The trial batch of grout shall not be used in the actual
grouting operation unless it meets the requirements for bleed as specified herein.

During the grouting operation, bleeding measurements shall be performed on the grout sampled at the mixer.
The measurements shall be performed and recorded at least once a day and as requested by the Contract
Administrator.

The bleed test results shall be submitted to the Contract Administrator in writing at the end of each working day.
The test results that indicate the grout is not meeting the requirements of the Contract Documents shall be
reported immediately to the Contract Administrator and the grouting operation halted until the cause of the
problem is identified and corrected.

7.04.04.02.03 Strength Requirements

Grout cubes shall be prepared as follows on site from the grout pumped into the micropile:

a) Three sets of grout cubes, consisting of three cubes each, shall be made each day the grouting operations are
carried out.

b) The grout cubes shall be prepared and stored according to CSA A23.2-1B, and shall not be moved prior to
demoulding.

¢} The grout cubes shall be demoulded and transported to the laboratory within 24 hours + 4 hours.

d) The grout cubes shall be transported in a sealed white opaque plastic bag containing at least 250 mL of
water and maintained at a temperature between 15°C and 25°C.

¢) Compressive strength testing shall be carried out on the grout cubes according to CSA A23.2-1B at 3, 7 and
28 days and the test results provided to the Contract Administrator,

f) The Contractor shall prepare and test additional grout cubes to determine when the grout has attained a
compressive-strength of 25 MPa.

T7.05 Tolerances
The allowable tolerances are as follows:

a) Centreline of the installed micropiles shall not be more than 75 mm from that shown on the Contract
Drawings.

b) Micropile-hole alignment shall be within 2% of the total-length plan alignment.

d) Top elevation of micropiles shall be within +25 mm or -50 mm maximum of the vertical design
elevation.

e) Centreline of central bar reinforcement shall not be more than 19 mm from centerline of micropile.




7.06 Testing of Micropiles
7.06.01 General

Verification load tests shall be carried out on pre-production test micropile(s) and proof load tests shall be
carried out on selected production micropiles. The micropile load testing shall be carried out according to the
Working Drawings and as specified herein.

The Contractor shall provide to the Contract Administrator a minimum of three (3) Working Days notice of
when the load tests will be carried out. The load tests shall be conducted at a time mutually acceptable to the
Contractor and Contract Administrator.

The maximum load in the reaction piles/ground anchors shall not exceed 80% of the guaranteed minimum
ultimate tensile strength of the central bar reinforcement or tendon.

The testing shall not be performed until after the grout in the micropiles (or reaction piles/ground anchors) has
reached a minimum 7 Days unconfined compressive strength of 25 MPa,

The load tests shall be closely monitored for the duration of the test by the Quality Verification Engineer and the
test results recorded and submitted to the Contract Administrator.

7.06.02 Reaction System

The reaction system(s) for the pre-production and production micropile load tests shall be designed by the
Contractor and shall be installed as detailed on the Working Drawings.

The Contractor shall determine the number of reaction piles (or ground anchors) required for proper execution
of the axial compression load tests. The reaction piles or ground anchors shall located no closer than 2 m to the
micropile to be tested under axial compression conditions.

The reaction system for the lateral load tests can be provided by jacking between the two (2) test micropiles.

The Contractor shall make provisions, as appropriate and necessary, to ensure safety and structural stability of
the reaction piles, ground anchors and their connection to the load frame and load apparatus.

7.06.03 Reference System, Testing Equipment and Procedures

The layout of the reference systems and testing equipment required for testing shall be as detailed on the
Working Drawings and as specified herein,

The Contractor shall supply a suitable means for providing independent reference beams for measuring
micropile head movement, jack, electronic load cell, dial gauges or electronic displacement transducers, anchor
extension, and any other hardware necessary to carry out the load tests. A minimum of 3 dial gauges or
electronic displacement transducers and piano wire, is required. Dial gauges or displacement transducers shall
have an accuracy of £0.0254 mm (0.001 in). Load cells shall have an accuracy of £2% of the maximum
intelcore2duo1107!test load. The calibration curve between the jack pressure and the load shall be submitted to
the Contract Administrator for information purposes.

All reference beams shall be independently supported with the support firmly embedded in the ground at a
distance of not less than 2.5 m from the reaction system. Reference beams shall be sufficiently rigid to support
instrumentation such that variations in readings do not occur,



All gauges, scales and reference points attached to the micropile (or reaction piles/ground anchors) shall be
mounted so as to prevent movement relative to the micropile {or reaction piles/ground anchors) during the test.

The jacks shall be secured (with chains or other profective housing(s)) to provide adeguate protection to
personnel in the event of breakage of the micropile, ground anchor or loading system.

The Contractor shall perform the micropile load tests according to ASTM D-1143, ASTM D-3689 and ASTM
D-3966, superseded where applicable by the procedures specified in this Special Provision, and indicate the
minimum following information:

a) Type and accuracy of apparatus for measuring load.

b Type and accuracy of apparatus for applying load.

c) Type and accuracy of apparatus for measuring the micropile displacement.

d) Type and capacity of reaction load system, including sealed Working Drawings.
€) Hydraulic jack calibration report.

7.06.04 Pre-Production Micropile Load Tests

7.06.04.01 General

The Contractor shall perform a pre-production load test (axial compression and lateral) on sacrificial micropiles
to verify the design assumptions and the appropriateness of the proposed construction procedures, prior to
installation of production micropiles. In the pre-production axial compression micropile test, the micropile shall
be subjected to an axial compressive load equal to 2.5 times the factored axial geotechnical resistance at
Ultimate Limit States (ULS); but not necessarily to failure. In the pre-production lateral micropile test, two (2)
micropiles shall be subjected to a lateral load equal to 2.5 times the maximum lateral design load; but not
necessarily to failure.

For the purposes of the pre-production axial compression load test, ground anchors or micropiles will be used to
provide the tensile reaction. For the purposes of the pre-production lateral load test, the two micropiles will be
loaded by jacking between the two test micropiles.

The pre-production lateral load tests shall be completed prior to carrying out the axial compression load test.
After completion of the lateral load tests and the axial compression load test on the sacrificial micropiles, both
of the ground anchors (reaction piles) shall be tested in tension to failure (if possible) so that the ultimate grout-
to-ground bond can be assessed for design verification purposes.

The pre-production sacrificial micropile load tests with dead weight, or reaction piles/ground anchors shall be
designed, constructed and tested by the Contractor and, based on the load test results, the design verified by the
Contract Administrator prior to approval being given to the Contractor to start installation of the production
micropiles. Approval to start production micropiles shall be given no later than 3 Working Days after
completion of all of the pre-production load tests.

7.06.04.02 Installation of Pre-Production Sacrificial Test Micropiles

The Contractor shall install a four (4) micropile pre-production load test section (consisting of three (3)
micropiles and one (1} reaction micropile/ground anchor). One of the micropiles subjected to the lateral load
test may be subsequently used as a reaction pile for the axial load compression test, provided no damage is
caused during its lateral load test,




The pre-production test piles and reaction anchor(s) will be installed near, but a minimum of 2 m away from, the
proposed micropile group cap located on the north side of the existing bridge at a location selected by the
Contract Administrator. The Contractor shalt install and test two (2} micropiles under lateral loading, one (1)
micropile under axial compressive loading and two (2) reaction piles under axial tensile loading at the test
section location.

The Contractor shall employ the drilling and grouting methods, casing and other reinforcement details, and
depth of embedment for the test micropiles identical to those to install the vertical production micropiles, except
where specified otherwise by the Contract Administrator. In this regard, the ground surface in the area of the
pile load tests shall be excavated to Elevation 77.58 m, approximately the same elevation as the underside of the
pile cap for the production micropiles. The details of the test pile set-up and excavation area shall be submitted
to the Contract Administrator for information purposes only.

The Quality Verification Enginecer shall be responsible for logging the holes for the pre-production micropiles to
be tested and for the associated reaction piles (ground anchors)., The subsurface conditions in terms of
stratigraphy at the test locations are required for proper interpretations of the load test results. The Contractor
shall also make provisions, as appropriate, to facilitate the Contract Administrator in carrying out their own
logging of the holes for the pre-production sacrificial micropiles and the associated reaction piles.

Upon completion of the sacrificial, pre-production micropile load tests, and prior to demobilization from the
site, the test section area is to be restored to near original conditions as per the direction of the Contract
Administrator.

7.06.04.03 Test Procedures and Measurement

The Contractor shall load the tested micropile(s) to a minimum of 250 % of the design load (DL) (i.e., 2.5 DL).
The jack shall be positioned at the beginning of the tests such that unloading and repositioning of the jack during
the test will not be required. The Contractor shall apply an Alignment Load (AL) to the piles prior to setting the
movement recording devices. This Alignment Load shall be no more than 10 % of the Design Load (i.e., 0.1
DL); dial gauges shall be zeroed at the first setting of the AL.

The Contractor shall carry out the lateral load test by loading the micropiles and recording the micropile head
movement, as well as the deflection at the ground line, according to the load increments presented in Table 1.
The maximum lateral test load (TL) shall be 175 kKN. The Contractor shall maintain each load increment for a
mininmum duration as indicated in Table 1.



Table 1
Lateral Micropile Load Test Increments

Load Minimum Hold Time
{Minutes)
AL -
0.25 DL 10
(.50 DL 10
AL 5
0.25 DL 5
(.50 DL 3
0.75 DL 10
1.00 DL 10
AL 5
0.25 DL 5
0.50 DL 5
0.75 DL 5
1.00 DL 5
1.25 DL 10
1.50 DL 10
AL 5
0.50 DL 5
1.00 DL 5
1.50 DL 10
2.00 DL 10
1.50 DL 5
1.00 DL 5
0.50 DL 5
AL 5
0.50 DL 5
1.00 DL 5
1.50 DL 3
2.00 DL 5
2.25 DL 10
2.50 DL 20
2.00 DL 10
1.50 DL 10
1.00 DI, 10
0.50 DL, 10
AL 5

AL = Alignment Load;

DL~ Design Load

Lateral DT = 70 kKN

TL = maximum test load = 175 kN (2.5 DL) unless failure occurs at a lower load increment

‘The Contractor shall carry out the axial load test by loading the micropile and recording the micropile head
movement according to the load increments presented in Table 2. The maximum axial test load (TL) shall be
1,975 kN. The Contractor shall maintain each load increment minimum duration indicated in Table 2 or until
the settlement rate is less than 1 mm/log cycle of time.



Table 2

Axial Micropile Compression Load Test Increments

Load

Minimum Hold Time

(Minutes)
AL -
0.15DL 2.5
0.30 DL 2.5
0.50 DL 10
AL 10
0.15 DL 1
0.45 DL 1
0.60 DL 2.5
0.70 DL 2.5
0.80 DL 10
0.0 DL 10
1.00 DL 30
Al 10
0.15DL 1
1.00 DL 1
1.15 DL 2.5
1.30 DL 2.5
1.50 DL 10
AL 10
0.25DL 2.5
0.50 DL 2.5
0.75 DL 2.5
1.00 DL 10
1.25 DL 2.5
1.50 DL 2.5
1.75 DL 2.5
2.00 DL 60
1.50 DL 5
1.00 DL 5
(.50 DL 5
Al 10
0.25 DL 2.5
0.50 DL 2.5
0.75 DL 2.5
1.00 DL 10
1.25 DL 2.5
1.50 DL 2.5
1.75 DL 2.5
2.00 DL 10
2.25 DL 10
2.50 DL 60
2.00 DL 5
1.50 DL 5
1.00 DL 5
0.50 DL 5
AL 10




AL = Alignment Load;

DL~ Design Load

Axial DL =790 kN

TI. = maximum test load = 1,975 kN (2.5 DL) unless failure occurs at a lower load increment

The Contractor shall carry out an axial tension load test on each of the reaction piles (ground anchors) following
the completion of the pre-production micropile lateral load tests and axial compression load test. The tension
load tests shall be carried out in a manner to induce uplift failure of the reaction piles (ground anchor) to enable
assessment of the ultimate value of the grout-to-ground bond.

The Contractor shall identify and record the geometry of the grouted section and the rock in which the grouted
section exists. This information will provide additional confirmation of the design grout-to-ground bond value
for the production micropiles. Construction and installation procedures used for the grouted section of the tested
reaction piles (ground anchors) shall be identical to those used for the grout-to-ground section of the pre-
production and production micropiles. The load increments and hold times for the uplift test shall be as shown
in Table 3.

Table 3
Axial Reaction Pile (Ground Anchor) Tension Load Test Increments
Load Minimum Hold
Time (Minutes)
AL -
0.15TL 2.5
0.25TL 2.5
AL 1
0.15TL 2.5
0.30 TL 2.5
(.50 TL 2.5
AL 1
0.15TL 2.5
(.45 TL 2.5
0.60 TL 2.5
0.75 TL 2.5
AL 1
.15TL 2.5
0.45 TL 2.5
0.75 TL 2.5
0.50 TL 5.0
1.00 TL 5.0
0.75 TL 5.0
0.50 TL 5.0
0.25 TL 5.0
AL 5.0

Al~Alignment Load
TT=Maximum Test T.oad estimated to cause failure= 1,975 kN

The movement of the test pile (or reaction pile/ground anchor) shall be measured at each load increment. The
load hold period shall be started as scon as the test load is applied. The pile movement shall be measured and
recorded, with respect to a fixed reference, at 1, 2, 3, 4, 5 and 10 minutes, and at 10 minute increments thereafter
(if applicable). For durations longer than 60 minutes, readings shall be taken at 30 minute intervals
(if applicable).



7.06.04.04 Design Acceptance Criteria for Pre-Production Load Tests
The acceptance criteria for micropile pre-production load tests are:

a) Sustaining the lateral design load (1.0 DL) with no more than 15 mm total lateral movement at the
ground line, as measured relative to the vertical axis of the pile prior fo the start of testing. If an
Alighnmnet Load is used, then the allowable movement will be reduced by multiplying by a factor of
(DL-AL)/DL.

b) Sustaining the axial compression design load (1.0 DL) with no more than 4 mm total vertical movement
at the top of the pile, as measured relative to the top of the pile prior to the start of testing. If an
Alignment Load is used, then the allowable movement will be reduced by multiplying by a factor of
(DL-AL)/DL.

c) Creep rate at the end of the 2.5 DL increment on Axial Test micropiles not greater than 1 mmv/log cycle
time from 1 to 10 minutes or 2 mm/log cycle time from 6 to 60 minutes and having a linear or
decreasing creep rate.

d) Failure does not occur at the 2.5 DI, axial load where failure is defined as the slope of the applied load
versus deflection (at end of load increment) curve exceeding 0.15 mm/kN.

e) Overall micropile alignment of all test micropiles within 2% of vertical. This is required given the close
spacing of the micropiles to avoid interaction between or intersection of micropiles at depth.

) The above is under the assumption that the test piles have been installed in accordance with the
specifications and drawings to a proper standard of care.

7.06.05 Production Micropile Load Tests and Target Criteria
7.06.05.01 General

The Contractor shall carry out proof load tests (under axial compression conditions) on a minimum of one (1)
vertical production micropile at each of the two (2) pier widenings. The Contractor shall submit to the Contract
Administrator a proposal recommending the production micropile(s) to be selected for testing, however, the
final selection will be up to Contract Administrator.

The selected micropiles for proof testing will be tested no sooner than 7 Days after installation to allow the grout
to reach sufficient strength. It is noted that the use of adjacent vertical micropiles as reaction anchors is
acceptable, provided that the minimum spacing requirements between the reaction piles and the test pile (as
defined in Section 7.06.02) can be satisfied. The reaction system, including any reaction anchors, if necessary,
is to be entirely designed by the Contractor and submitied to the Confract Administrator for information
purposes.

The Contractor shall set-up the reaction frame and load test set-up, complete with jacks, load cells and gauges in
a manner similar to the pre-production load tests. The Contractor shall repair any previously installed
production micropiles that may have been damaged during the course of proof load testing to the approval of the
Contract Administrator and at no cost to the Owner,

The Contractor shall carry out proof load testing in axial compression and loading in increments to 1.6 DL as
shown in Table 4.




Table 4
Axial Production Micropile L.oad Test Increments

Load Minimum Hold
Time (Minutes)
AL -
0.15 DL 2.5
0.30 DL 2.5
0.45 DL 2.5
0.60 DL 2.5
0.75 DL 2.5
0.85 DL 10*
0.95 DL 10*
1.00 DL 10%
1.30 DL 10*
1.60 DL 10%
1.00 DL 4
0.75 DL 4
0.50 DL 4
0.25 DL 4
AL 4

AL = Alignment Load

DL = Design Load = 790 kN

*  Hold untii acceptance criterion for creep movement is satisfied as specified in
Section 7.06.05.02 of this specification,

7.06.05.02 Target Criteria for Production Load Tests
The target criteria for proof load tests shall be as follows:

a) Total vertical movement at the top of the micropile shall not be greater than 4 mm (at 1.0 DL), as
measured relative to the top of the micropile prior to the start of testing.

b) Creep rate at the end of the 1.00 DL and 1.60 DL load increments shall not be greater than 1 mm/log
cycle of time.

c). Failure does not occur where failure is defined as the slope of the applied load versus deflection (at the
end of load increments 1.00 DL and 1.60 DL) curve exceeding 0.15 mm/kN,

d) Overall micropile alignment of all production micropiles is within 2 % of vertical.

7.07 Management of Excess Material

Management of excess material shall be according to OPSS 180.

7.08 As-Built Drawings

As-built drawings shall be prepared by the Contractor for Owner designed installations as follows:

a) For all work incorporated in the.conlpieted structure that required the submission of Working Drawings.

b) For all changes from the oi*i:g:i'ﬁéli(fbntrgct requirements.



The as-built drawings shall be submitted to the Contract Administrator in a reproducible format prior to final
acceptance of the work.

The as-built drawings shall be dated and bear the seal and signature of the Quality Verification Engineer.
8.0 MEASUREMENT FOR PAYMENT
8.1 Pre-Production Micropile Testing

A count will be made of the number of pre-production micropiles that are load tested and satisfy the Contract -
requirements.

8.2 Production Micropile
Measurement will be made in metres of the micropiling left in place after cut-off.
83 Grouting

Measurement will be made in cubic metres of grout pumped into the subsurface during the installation of the
micropiles.

8.4 Production Micropile Testing

A count will be made of the number of production micropiles that are load tested and satisfy the Contract
requirements.

9.0 BASIS FOR PAYMENT
9.1 Supply Equipment for Installing Micropiles - Item

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

It will be assumed, for payment purposes, that 50% of the work under this item has been completed when the
satisfactory performance of the equipment has been demonstrated to the Contract Administrator by the
installation of one (1) micropile. The remaining 50% will be paid on the satisfactory completion of the
installation.

9.2 Grout for Micropiles — Item

Payment at the Contract price for the above items shall be full compensation for all Labour, Equipment and
Material required to do the work.

9.3 Pre-Production Micropile - Item

Payment at the Contract price for the above items shall be full compensation for all labour, load testing,
equipment and material required to do the work.

No payment will be made for micropiles that fail the load test.

For pre-production micropiles that fail the load test, payment for P g
Administrator shall be made as Extra Work. o

ya] work directed by the Contract
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No payment will be made for additional work for pre-production micropiles that fail to meet the Design
Acceptance Criteria for Pre-Production Load Tests.

9.4 Production Micropile - Item

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

9.5 Production Micropile Testing - Item

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