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DESIGN REPORT
TROUT CREEK BY-PASS - KING’S HIGHWAY 11
WICK DRAIN DESIGN AND MONITORING PROGRAM
NORTH INTERCHANGE EMBANKMENTS
DISTRICT 54, SUDBURY, ONTARIO
GWP No. 774-93-00

Introduction

This report presents the results of a supplementary geotechnical
investigation and engineering analysis carried out by Thurber Engineering
Ltd. (Thurber) for the design of wick drains and monitoring program for the
proposed approaches and embankments at the North Interchange located
north of Trout Creek, at the intersection of McCarthy Street and the
proposed King's Highway 11 Trout Creek By-Pass.

Thurber carried out the investigation as a sub-consultant to Trow
Consulting Engineers (Trow). The Terms of Reference for this work have
been included in a letter by Trow to Thurber dated February 23, 1999.
Authorization to proceed with this work was given in a letter by Mr. Eric
Gonneau, P.Eng. of Trow, dated March 12, 1999.

Background Information and Scope of Work

Trow have been retained by Marshall Macklin Monaghan (MMM) to provide
geotechnical services as part of the Total Project Management, Detailed
Design Services for the above noted project. Trow's scope of work
included geotechnical, pavement and foundation investigation and design
recommendations for a number of proposed structures along this section of
four-laning of Highway 11. The results of Trow’s investigation program for
the North Interchange were summarized in the following draft report:

. Foundation Investigation, Bridge Structure, Approaches and
Embankment Fills - North Interchange (McCarthy Street) - Trout
Creek by-Pass, King's Highway 11 - District 54, Sudbury, Ontario,
GWP No.774-93-00, January 7, 1999
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The investigation by Trow at the North Interchange revealed the presence
of thick soft foundation clayey deposits. Trow's analysis indicated that a
combination of side berms and wick drains are required for successful
construction of the high approach embankments, with final design heights
up to 10.5 m. The side berms and wick drains are required to prevent a
foundation failure during construction and to accelerate the foundation
settlements so that most of the settlements are completed prior to bridge
foundation construction and paving of the road.

Thurber Engineering Ltd. (Thurber) has been retained by Trow for the
detailed design of the wick drains and to design a geotechnical
instrumentation monitoring program to control the embankment
performance during and after construction. In order to carry out this task
Thurber has been provided with the following:

. portions of the above noted report containing the factual
geotechnical data, excluding Trow’s recommendations for the
embankment design;

. drawings including a site plan, longitudinal profiles and simplified
subsurface conditions;

. McCarthy Street Bridge General Arrangement and embankment
typical cross sections.

This report should be read in conjunction with Trow’s report.
3. Methodology
The work presented herein was developed in the following stages:

. Review of available information;

. Visit to Trow’s office in Sudbury for visual inspection of soil samples,
on March 18, 1999, by Mr. Scott Peaker, P.Eng. of Thurber. Some
soil samples were brought to Thurber's office in Toronto for visual
inspection,;

. Site visit on March 19, 1999, by Mr. Scott Peaker, P.Eng. of Thurber,
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for site reconnaissance and evaluation of site access by a drill rig for
piezocone testing

. Piezocone testing on March 25 and 26, 1999

. Engineering Analysis

. Design Recommendations

Proposed Interchange

The North Interchange consists of one bridge structure that will carry the
proposed McCarthy Street over the proposed realigned and widened

Hwy 11, approach embankments to the bridge and access ramp
embankments. The proposed bridge consists of a two span structure with
integral abutments, with a length of 67.2 m between abutments. A site plan
view is shown on Figure A1 in Appendix A.

The embankments at this site will be constructed to a height of up to
10.5 m using blast rock with side slopes of 1.25H:1V and headslopes at the
bridge abutments inclined at 2H:1V.

Site Description

Details about the site location and surface conditions have been included in
Trow's report and they will not be repeated herein.

Piezocone Testing

Piezocone testing was carried out with the purpose of:

. confirming the subsurface conditions encountered by Trow
. obtaining continuous strength information at depth
. carrying out pore pressure dissipation tests at selected depths for

assessment of the horizontal coefficient of consolidation required for
optimizing wick drain design

. measuring the piezometric head at the base of the fine sediments to
verify the presence of artesian condition
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Piezocone testing (CPTU) was carried out on March 26, 1999, by ConeTec
Investigations Ltd. of Vancouver, B.C. The piezocone was pushed using a
track mounted CME 75 owned and operated by All Terrain Drilling Ltd. of
Waterloo, Ontario.

A total of five CPTUs were carried out at the North Interchange at the
approximate locations shown on attached Figure A1. The CPTUs were
numbered CPTUN1 through CPTUNS. Table B1 in Appendix B presents
approximate coordinates and ground surface elevations at the CPTU
locations and the maximum depth of testing where refusal to penetration
was encountered.

The results of the CPTUs are summarized in a report by ConeTec included
in Appendix C.

Figures A2 to A6 in Appendix A present a summary of both the results of
CPTUs and the nearby borehole and laboratory information presented in
Trow's report.

Description of Subsurface Conditions

71 Subsurface Soil Conditions

The subsurface conditions at this site were characterized based on a
drilling and laboratory program carried out by Trow and on the results of the
CPUTs carried out by ConeTec.

The bridge is located at the western edge of a flat area where the bedrock
is overlain by a sequence of non-plastic sediments and a layer of
compressible silty clay. The plastic soils are present to the east of the
bridge West Abutment. West of the bridge the soil sediments consist
mainly of non-plastic silt and sand overlying bedrock.

Of interest to this work is the area located at and east of the bridge, where
plastic compressible sediments are present. A description of this area of
interest is presented in the following sections. For a detailed analysis of the
area west of the bridge the reader should refer to Trow’s report.
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The subsurface conditions at and east of the bridge consist mainly of a
layer of organic soils, to a depth of up to 1 m, overlying loose to compact
layers of silty sand, sand, sandy silt and silt. The thickness of these non-
plastic deposits increase from 2 m at the bridge to up to 8 m close to the
existing Hwy 11.

Of interest to this project is a layer of compressible silty clay that underlies
the non-plastic sediments referred to above. The Silty Clay typically
increases in thickness and in depth towards the east.

At the bridge site the Silty Clay is absent at the West Abutment but it was
encountered underlying the Sand/Silty Sand deposit up to 7.5 m depth at
the Central Pier and East Abutment. Several layers of silt, up to 0.5 m
thick, were detected by the CPTUNS in the Silty Clay. The undrained
shear strength (Su) interpreted from the CPTU ranged from 40 kPa to

75 kPa, with values higher than 60 kPa typically measured in the silt
lenses. The undrained cohesion (Cu) measured using a field vane
indicated values of about 30 Kpa. One pore pressure dissipation test
carried out in the Silty Clay at 4.0 m depth in CPTUNS indicated a
horizontal coefficient of consolidation (Ch) value of 142 m?y. Atterberg
limits from tests carried out on two samples indicated that the Silty Clay is
medium plastic. The CPTU interpretation of the stratigraphy shows that
Silty Clay is sensitive which was confirmed by the field vane tests.

East of the bridge the Silty Clay layer is in a relatively uniform condition,
similar to those described above, from the East Abutment to approximate
Station 10+120. East of Station 10+120 Silty Clay increases in thickness
and in depth and it is underlain by interbedded layers of clayey silt, silt and
sandy silt. In the stratigraphic profile presented in Trow’s Drawing 1E, the
interbedded layers of clayey silt, silt and sandy silt were presented as part
of the Silty Clay layer. The undrained shear strength (Su) in the Silty Clay
interpreted from the CPTU ranged typically from 45 kPa to 60 kPa The
undrained cohesion (Cu) measured with the field vane indicated values
ranging from 25 kPa to 50 kPa. Pore pressure dissipation tests carried out
in the Silty Clay at eight different locations and depths indicated horizontal
coefficient of consolidation (Ch) values of 74 m?/y to 258 m?/y. Atterberg
Limits obtained from tests carried out on Silty Clay samples indicate that
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the material is of low to medium plasticity.

The interpretation of CPTUN1, CPTUN2 and CPTUN3 indicate that south
of the proposed McCarthy Street, along the EW-N Ramp, the Silty Clay
deposit is 3 m to 6 m thick, and it extends to a depth of 10.5 m at CPTUNS.
CPTUNZ2 did not confirm the stratigraphy encountered at nearby Borehole
BH-9BP. With reference to Dwg 11F in Trow’s report, the abrupt change in
elevation of the Silty Clay layer at BH-9BP, shown in the stratigraphic
profile along the centreline of the EW-N Ramp, was not confirmed in
CPTUNZ, which was carried out relatively close to BH-9BP. The CPTUs
south of McCarthy Street indicate a strength profile similar to that described
above, along McCarthy Street. One Shelby tube sample collected at 7.7 m
depth from BH-10BP, was tested in an oedometer cell and resulted in the
following parameters:

Cv (vertical coefficient of consolidation) = 4 .7 m?ly
eo (initial void ratio) ~ 1.64

Cc (compression index) = 0.57

Cr (reload index) = 0.032

Underlying the Silty Clay interbedded layers of silt and sandy silt, referred
to as Lower Silt, was encountered with total thickness ranging from 5m to
8m. The SPT “N” in the Lower Silt, interpreted from the CPTUs, ranged
typically from 6 to 12, which is consistent with the SPT “N” values from the
augered holes. Pore pressure dissipation tests carried out in the Lower Silt
indicated a wide range of horizontal coefficient of consolidation (Ch) values,
ranging from 210 m?y to 3,574 m%y. The higher values of Ch were
obtained from tests carried out in sandy lenses.

The Lower Silt is underlain by a silty sand and gravel till. The SPT “N”
values in this material were larger than 17.

A more detailed description of the subsurface conditions encountered in the
boreholes are presented on the borehole logs in Appendix B of Trow’s
report. Stratigraphic profiles inferred from the borehole information have
been prepared by Trow and are summarized in Appendix A of Trow's
report. Laboratory test results are summarized in Appendix C of Trow's
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report
7.2  Groundwater

The groundwater level at and east of the bridge, observed in the boreholes
after completion of drilling carried out by Trow, was at or 0.3 m below
ground surface. The stabilized pore pressure measurements carried out at
the bottom of the CPTUs in the Lower Silt or the Silty Sand and Gravel Till
deposit indicated a piezometric head at or up to 0.45 m above ground
surface, implying a small artesian head.

7.3 Summary

In summary, with the exception of the subsurface condition at BH-9BP, the
CPTUs generally confirmed the stratigraphy presented in Trow’s report.
The CPTUs indicated, however, that the bottom portion of the compressible
fine soils consist mostly of silt and sandy silt. The undrained shear strength
values were generally higher in the CPTUs.

Of significant importance to the consolidation analysis and wick drain
design was the fact that the Ch values obtained from the CPTUs were
significantly higher than those obtained from one cedometer test and that a
slight artesian condition was encountered below the soft sediments.

Engineering Analysis
8.1 General
The engineering analysis was carried out in the following stages:

. Selection of cross sections for analysis that represent typical
subsurface conditions and embankment configurations with respect
to embankment height and width;

. Stability analysis to identify the required stabilizing berm dimensions,
required construction staging and required gain in strength after
each construction stage due to consolidation in the clayey layers, for
a minimum factor of safety of 1.3 during construction;
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. Settlement analysis to identify the required height of surcharge and
the need for and the spacing of wick drains to accommodate the
construction schedule.

Based on the analysis of the subsurface conditions and the geometry of the
embankments the following test holes and embankment geometries were
selected for analysis:

. Bridge East Approach - McCarthy St. (Sta. 10+040 fo 10+120) and
Hwy 11 at and north of the bridge:
Characteristics: High embankment close to structure;
Low and wide embankments at Hwy 11
Subsurface Conditions: CPTUNS
Embankment Height (excluding surcharge):
9 mto 10.5 m at McCarthy St.; 2 m along Hwy 11
Embankment Width (at the top): 17.4 m at McCarthy St. and 60 m
at Hwy 11
Berm Elevation: 6 m below the top of the embankment

. McCarthy St. (Sta. 10+120 to 10+240) and
W-N (Sta. 13+091 to 13+160) and S-EW (Sta.13+630 to 13+540)
Ramps:
Characteristics: Intermediate embankment height, deep soft
deposits
Subsurface Conditions: CPTUN1
Embankment Height (excluding surcharge): 6 m to 9 m
Embankment Width (at the top):
17.4 m to ~ 40 m (at “T" intersection)
Berm Elevation: 6 m below the top of the embankment

. McCarthy St. (Sta. > 10+240) :
Characteristics: Intermediate to low embankment height, thick
soft deposits
Subsurface Conditions: CPTUN4
Embankment Height (excluding surcharge):3 m to 6 m
Embankment Width (at the top): 17.4 m
Berm Elevation: No berm
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. EW-N (Sta. 13+160 to 13+270) and S-EW (Sta. 13+540 to 13+450)
Ramps:
Characteristics: Intermediate to low embankment, thick soft deposits
Subsurface Conditions: CPTUN2
Embankment Height (excluding surcharge): 4.5 to 6.0 m
Embankment Width (at the top): 14 m
Berm Elevation: no berm

. EW-N (Sta. 13+270 to 13+350) and S-EW (Sta.13+450 to 13+380)
Ramps:
Characteristics: Low embankment height, thick soft deposits
Subsurface Conditions: CPTUN3
Embankment Height (excluding surcharge): 3.0 mto 4.5 m
Embankment Width (at the top): 14 m
Berm Elevation: no berm

. EW-N (Sta. 13+350 to 13+458) and S-EW (Sta.13+380 to 13+125)

Ramps and
Hwy 11 south of the bridge:
Characteristics: Low embankment height, thick soft deposits

Subsurface Conditions: BH-11BP

Embankment Height (excluding surcharge): < 3.0 m
Embankment Width (at the top): 14 m and 60 m
Berm Elevation: no berm

Figure A1, Appendix A, shows the Stations used to limit the study regions
above.

Table B2, Appendix B, presents a summary of the soil properties used in
the stability and settlement analysis for each of the test holes above. The

~ soil properties presented in Table B2 were selected based on the
interpretation of the field and laboratory data. In order to avoid an
extensive parametric analysis the following criteria was used for the
selection of soil properties:
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Strength:
select most likely values in view of the slight conservatism
inherent to the undrained analysis and the selected factor of
safety during constructions (F.S.~1.3)

Pore Pressure Generation:
select conservative values of Bbar equal to 1 for cohesive
deposits.

Time Independent Deformation:
Elastic Properties:
select most likely to conservative values since these
parameters, with the exception of selection of the minimum
required height of surcharge, have only a minor impact on the
cost and performance of the embankment
Compression Ratio: {Cc/(1+e ) and Cs/(1+e )} - same as above.
Pre-Consolidation Pressure (Pc):
This parameter impacts both the time-independent and
time-dependent settlements. The latter occurs because the
coefficient of consolidation (Cv and Ch) values are
significantly impacted by the over-consolidation ratio. A Pc
value obtained from one oedometer test has been provided in
Trow’s report (Table 1-2). Due to the importance of properly
assessing the Pc values, two Pc values were selected for a
sensitivity analysis:
- Most Likely Value: Pc = Su/0.235 (Su is the
undrained shear strength)’
- Reduced Values: 50% of the Most Likely Value
above and not lower than the anticipated in situ
vertical effective stress

Time Dependent Deformation:
Coefficient of Consolidation:
Ch (horizontal): Over-consolidated: select values

Ladd, C.C. (1991). “Stability Evaluation During Staged Construction”, ASCE Journal of
Geotechnical Engineering, Vol.17, No .4, 1991
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Cv (vertical):

interpreted from the CPTUs

Normally Consolidated: select the
minimum Ch value interpreted from the
CPTUs in that deposit;

20% of Ch above (lower bound values?)

Secondary Compression Ratio (Ca):

8.2  Stability Analysis

Select the values measured in the
pre-consolidated range of oedometer
tests assuming that the surcharge will be
removed after 100% completion of
primary consolidation.

The stability analysis was carried out based on the following assumptions:

. Embankment Geometry:

. Surcharge:

. Site Preparation:

Side slopes: 1.25H:1V

The width of the embankment at the top of the
surcharge will be the same as the final design
width. Hence, the embankment side slopes
above the berm will be temporarily steeper than
1.25H:1V. This is required to maintain the
minimum required embankment width at the top
after settlements due to primary consolidation
take place.

The berm height was maintained 6 m below the
top of the final embankment height

Up to 1.5 m above the embankment design
height. Actual height of surcharge to be verified
based on the settlement analysis

All organic soils will be removed within the
footprint of the embankment

Hansbo, S. (1979). “Consolidation of clay by band-shaped prefabricated drains”. Ground

Engineering, July, Vol.12, N0.5, 16-25,1979
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Limit Equilibrium Analysis:
Bishop Modified using G-Slope, developed by
Mitre Software.

Soil Shear Strength:
Undrained shear strength (Su) for cohesive
soils; Drained (¢')for cohesionless soils. Su
increases with vertical stress; for vertical stress
larger than the pre-consolidation pressure (Pc):
use Su=0.23%"¢’,, for o', >Pc. The values of ¢’,
at depth and at different times were obtained
from the consolidation analysis presented in
Section 8.3.

Groundwater Table:
At the original ground surface

The results of the stability analysis are summarized in Table B3 and
Figures A7 to A10. The analysis of Table B3 indicates the following:

Location: East Abutment - McCarthy St. - CPTUN5S

The construction of the embankment to a height of 12 m, including

surcharge, with a berm width of 11 m is feasible in one construction

stage.

The construction of the embankment to a height of 12 m, including

surcharge, with a berm width of 9 m is feasible in two construction

stages:

- Stage 1: from0Omto 11.5m

- Stage 2: from 11.5 m to 12 m with 75% dissipation of excess
pore pressure (EPP) after Stage 1

The embankment temporary headslopes at the abutment locations

will be constructed in two stages according to the above schedule.

The temporary headslope crest will be located at the abutment

location, with maximum height of 12 m, sloping towards Hwy 11

inclined at 1.25H:1V, provided that the Hwy 11 embankments under

the bridge are constructed prior to the temporary abutment

embankments.
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Location: East Approach to Bridge-McCarthy St. and E-W and S-EW
Ramps - CPTUN1
. The construction of the embankment, with a berm width of 8 m, to a
height of 9.5 m, including 1.5 m surcharge, is feasible in two
construction stages:
- Stage 1: from0Omto 8.0 m
- Stage 2: from 8.0 m to 9.5 m with 100% dissipation of EPP
after Stage 1

Due to the fact that it is not practical to wait for 100% consolidation
between Stages 1 and 2, different berm widths were considered in the
analysis, as follows:

. The construction of the embankment, with a berm width of 9 m, to a
height of 9.5 m, including 1.5 m surcharge, is feasible in two
construction stages:

- Stage 1: from0Omto 8.8 m
- Stage 2. from 8.8 m to 9.5 m with 75% dissipation of EPP
after Stage 1

. The construction of the embankment, with a berm width of 11 m, to a
height of 9.5 m, including 1.5 m surcharge, is feasible in two
construction stages:

- Stage 1: fromO0mto9m

- Stage 2: from 9 m to 9.5 m with 75% dissipation of EPP
after Stage 1

It should be noted from an analysis of Table B3 that the Factor of

Safety for this case, with a berm width of 11 m is slightly larger than

for a berm width of 9 m, as expected.

Location: McCarthy St.-Transition to high embankments- BH-3BP

. The construction of the embankment to a target height of 8.5 m,
including 1.5 m of surcharge, is feasible in one stage with a
minimum berm width of 8 m.

Location: McCarthy St.- Embankments up to 6m high- BH-3BP to BH4-BP
. The construction of the embankment to a target height of 7.5 m,
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including 1.5 m of surcharge, is feasible in one stage without side
berms.

Location: EW-N and S-EW Ramps up to 6m high - CPTUN2

. The construction of the embankment to a target height of 8.5 m,
including 1.5 m of surcharge, is feasible in one stage with a
minimum berm width of 9 m.

8.3 Settlement Analysis

8.3.1 General

The settlement analysis was carried out in the following steps:

. One dimensional primary consolidation analysis: no wick drains
. Pseudo three dimensional consolidation analysis: with wick drains
. One dimensional secondary consolidation analysis

8.3.2 One Dimensional Consolidation Analysis - No Wick Drains

The one dimensional consolidation analysis was carried out in order to:

. establish the required height of surcharge;

. establish the need for wick drains;

. provide input for the vertical consolidation component in the wick
drain design

. provide excess pore pressure dissipation at depth for the
assessment of gain of shear strength with time for the stability
analysis

The analysis was carried out using the finite difference software Consol
Version 2.0, developed at Virginia Polytechnic Institute and State
University. The program allows the one dimensional consolidation analysis
of multilayered soil masses, taking into account non-linear constitutive law,
variable parameters as a function of the over-consolidation ratio, impeded
drainage and variable boundary conditions. The ability to model impeded
drainage was considered a key factor in the selection of this software, due
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to the presence of layers of silt above and below the Silty Clay layer
deposit.

The vertical stress distribution under the embankment was estimated using

- Boussinesq's stress distribution under an infinite strip loaded area.

The following simplified embankment construction schedule was used in
our analysis:

. Stage 1: the embankment load was applied instantly at time
zero
. Stage 2: the additional load was applied instantly at the time

after the EPP had dissipated enough for a minimum FS
of 1.3 against global stability according to the stability
analysis presented in the preceding section.

This is a simplified model of the actual construction process in which
several days or weeks will be required to construct the embankment to the
specified height. The adopted approach predicts larger settlements and
lower EPP in the soft sediments at any point in time provided the time
elapsed between the construction stages is adopted as the time elapsed
between the end of the embankment construction at Stage 1 and beginning
of Stage 2.

Figures A11 to A21, Figures A11B to A21B and Tables B4 to B17 present a
summary of the results of the one dimensional consolidation analysis for a
range of embankment heights within each representative area. The bottom
portion of Tables B4 to B17 show the “minimum amount of time” after the
end of the embankment construction when the surcharge may be removed
for stabilization of settlements due primary consolidation. The “minimum
amount of time” is defined herein as the time required for the EPP in the
cohesive soils to dissipate to values that, when the surcharge is removed,
the EPP will disappear due to a relief of vertical total stresses. Therefore,
after the removal of the surcharge, the cohesive soils are normally
consolidated. However, in order to minimize long term settiements due to
secondary consolidation it is desirable that the cohesive soils be slightly
overconsolidated after the removal of the surcharge. This is possible with
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the full dissipation of EPP and stabilization of settlements due to primary
consolidation for an embankment height 0.5 to 1.0 m higher than the final
embankment height. Therefore the elapsed times shown in the bottom part
of Tables B4 to B17 should be treated as the minimum and not necessarily
the ideal elapsed times after the end of construction for removal of the
surcharge and reshaping of the embankment.

The construction schedules that Thurber has been requested to analyse
are:

Schedule 1:

. Site Preparation: 2 months (removal of organics, wick drain
installation)

. Embankment construction to the final target height including
surcharge: 3 months

. Waiting period for primary consolidation: 12 months

Schedule 2:

. Site Preparation: 2 months (removal of organics, wick drain
installation)

. Embankment construction to the final target height including

surcharge and stabilization of settlements: 12 months

Schedule 3:

. Site Preparation: 2 months (removal of organics, wick drain
installation)

. Embankment construction to the final target height including

surcharge and stabilization of settlements: 6 months

Based on these construction schedules and on the analysis of Figures A11
to A21, Figures A11B to A21B and Tables B4 to B17, the following can be
concluded:

. General: The pre-consolidation pressure has a significant impact on
the magnitude and the time required for the dissipation of EPP

. Bridge East Approach - McCarthy St. (Sta. 10+040 to 10+120)
H=10.5 m plus 1.5 m surcharge - CPTUNS - Figure A19 and



-

Trow Constulting Engineers Page 17

Tables B4 and B5:

Time delay between Stages 1 and 2: 90 days
Time after the end of construction required for stabilization of
settlements due to primary consolidation for embankment with
surcharge: 400 days
Minimum time required after the end of construction for
removal of surcharge and stabilization of primary
consolidation of embankment at final design elevation:

4 to 6 months for Most Likely Pc;

6 to 8 months for Reduced Pc
Based on time required between Stage 1 and 2 for
embankment with berm width <11m, and the time required for
stabilization of settlements, wick drains will be required to
accommodate the proposed construction Schedules 1 and 3.
Wick drains are not required for Schedule 2.

. Location: Hwy 11 at and north of the bridge - H=2 m plus 1 m
surcharge - CPTUNS - Figure A20, Tables B6 and B7

1

Time delay between Stages 1 and 2: N/A
Time after the end of construction required for stabilization of
settlements due to primary consolidation for embankment with
surcharge: 300 days
Minimum time required after the end of construction for
removal of surcharge and stabilization of primary
consolidation of embankment at final design elevation:

1 to 2 months for Most Likely Pc;

1 to 2 months for Reduced Pc
Wick drains are not required for Schedules 1, 2 and 3.

. Location: McCarthy St. (Sta. 10+120 to 10+240) and
W-N (Sta. 13+091 to 13+160) and S-EW (Sta.13+630 to 13+540)
Ramps - H=9m and 6m plus 1.5 m surcharge CPTUNT - Figures A11
and A12, Tables B8 and B9:
For H=9m plus 1.5 m surcharge:

Time delay between Stages 1 and 2: 60 days
Time after the end of construction required for stabilization of
settlements due to primary consolidation for embankment with
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surcharge: 300 days
Minimum time required after the end of construction for
removal of surcharge and stabilization of primary
consolidation of embankment at final design elevation:

3 to 4 months for Most Likely Pc;

4 to 6 months for Reduced Pc¢
Based on time required between Stage 1 and 2 for
embankment with berm width <11m, and the time required for
stabilization of settlements, wick drains will be required to
accommodate the proposed construction Schedules 1 and 3.
Wick drains are not required for Schedule 2.

. Location: McCarthy St. (Sta. > 10+240) - H=3m and 6m plus 1.0m
and 1.5m surcharge - CPTUN4 - Figures A17 and A18, Tables B10
and B11:

For H=6m plus 1.6 m surcharge:

Time delay between Stages 1 and 2: N/A
Time after the end of construction required for stabilization of
settlements due to primary consolidation for embankment with
surcharge: >720 days
Minimum time required after the end of construction for
removal of surcharge and stabilization of primary
consolidation of embankment at final design elevation:

8 to 10 months for Most Likely Pc;

10 to 12 months for Reduced Pc
Based on time required for stabilization of settlements, wick
drains will be required to accommodate construction
Schedule 3. Wick drains are not required for Schedules 1
and 2.

. EW-N (Sta. 13+160 to 13+270) and S-EW (Sta.13+540 to 13+450)
Ramps - H=7.5m and 4.5m plus 1.5 and 1.0 m surcharge - CPTUNZ2
- Figures A13 and A14, Tables B12 and B13:
For H=7.5m plus 1.5 m surcharge:

Time delay between Stages 1 and 2: N/A
Time after the end of construction required for stabilization of
settlements due to primary consolidation for embankment with
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surcharge: 600 days
Minimum time required after the end of construction for
removal of surcharge and stabilization of primary
consolidation of embankment at final design elevation:

4 to 6 months for Most Likely Pc;

6 to 8 months for Reduced Pc
Based on time required for stabilization of settlements, wick
drains will be required to accommodate construction
Schedule 3. Wick drains are not required for Schedules 1
and 2.

. EW-N (Sta. 13+270 to 13+350) and S-EW (Sta.13+450 to 13+380)
Ramps - H=4.5m and 3.0m plus 1.0 m surcharge - CPTUN3 -
Figures A15 and A16, Tables B14 and B15:

For H=4.5m plus 1.0 m surcharge:

Time delay between Stages 1 and 2: N/A
Time after the end of construction required for stabilization of
settlements due to primary consolidation for embankment with
surcharge: 360 days
Minimum time required after the end of construction for
removal of surcharge and stabilization of primary
consolidation of embankment at final design elevation:

3 to 4 months for Most Likely Pc;

6 to 8 months for Reduced Pc
Wick drains are not required for Schedules 1, 2 and 3.

. EW-N (Sta. 13+350 to 13+458) and S-EW (Sta.13+380 to 13+125)
Ramps and
Hwy 11 south of the bridge - H=3.0m plus 1m surcharge - BH-11BP -
Figure A21, Tables B16 and B17:

Time after the end of construction required for stabilization of
settlements due to primary consolidation for embankment with
surcharge: >720 days
Minimum time required after the end of construction for
removal of surcharge and stabilization of primary
consolidation of embankment at final design elevation:

2 to 3 months for Most Likely Pc;
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10 to 12 months for Reduced Pc
- Wick drains are not required for Schedules 1, 2 and 3.

8.3.3 Settlements due to Primary Consolidation - With Wick Drains

The one-dimensional consolidation analysis above identified that,
depending on the construction schedule selected, the following areas will
require wick drains to accelerate dissipation of EPP:

. Bridge East Approach - McCarthy St. (Sta. 10+040 to 10+120)

. McCarthy St. (Sta. 10+120 to 10+240) and W-N (Sta. 13+091 to
13+160) and S-EW (Sta.13+630 to 13+540)

. McCarthy St. (Sta. 10+240 to Sta. 10+310)

. EW-N (Sta. 13+160 to 13+270) and S-EW (Sta.13+540 to 13+450)

The presence of slight artesian pressures in the non-plastic silt deposit
underlying the Silty Clay deposit poses a potential for loss of fines due to
the continuous flow of water around the wick drains. In order to minimize
this potential, the wick drains should be terminated within the Silty Clay,
about 1 m above the underlying layer of silt.

The wick drain spacing was selected based on the percentage
consolidation required within the Silty Clay layer, determined from the
stability analysis, for the construction schedules presented in the preceding
section.

Two methods were used for the wick drain design:

. Hansbo (1979, opt.cit.)

. Robertson, Campanella and Brown?® (1988)

The former method includes well resistance and disturbance factors due to
the wick drain installation. The latter method uses the original derivation by
Hansbo* (1960) adjusted for wick drain design based on Ch values

Robertson, P.K., Campanella, R.G., and Brown, P.T. (1988). “Prediction of wick drain

performance using piezometer cone data”. Canadian Geotechnical Journal 25, 56-61
(1988)

Hansbo, S. (1960). "Consolidation of clay, with special reference to influence of vertical
sand drains. Swedish Geotechnical Institute, Proceedings No.18 (1960)
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interpreted from the CPTU. The wick drain spacing has been selected as
the smallest of the two spacings provided by the two methods above. EPP
dissipation due to vertical drainage was coupled with EPP due to horizontal
drainage into the wick drains according to the following equation:

U = 1-(1-Uv)*(1-Uh)

where U is the combined total percentage consolidation and Uv and Uh are
the percentage consolidation values due to vertical and horizontal drainage
only, respectively, divided by 100.

The design parameters and required percentage consolidation at specific
times used in the analysis are summarized in Table B18. Since the wick
drain design methods described above do not allow inclusion of variable Ch
values for the horizontal drainage portion of the analysis, the lowest value
of Ch has been assumed for a specific test hole location. [t has been
assumed that the wick drains will be installed in a triangular pattern. Since
the wick drains will be terminated within the Silty Clay, the wick drain
drainage length has been assumed equal to the entire length of the wick
drain.

The results of the wick drain analysis are presented in Tables B19 to B30.
Figures A11-C, A13-C, A17-C A19-C and A19-D present EPP dissipation at
depth. These tables and figures present only the analyses carried out for
Most Likely Pc values. The analyses carried out with Reduced Pc values
yielded results very similar to the Most Likely Pc¢ values due to the fact that
the lowest Ch values were selected at the test hole locations, as discussed
above.

A summary of the required wick drain spacing for each of the regions
studied and different construction schedules is presented in Table 31.

8.3.4 Settlements due to Secondary Consolidation

Settlements due to secondary consolidation have been assessed based on
the following equation:
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AT = Cag*T*Log t,/t,,

where:
AT, = settlement due to secondary consolidation
Cae = secondary compression ratio
T = initial thickness of compressible layer

t.. = time over which secondary consolidation is to be calculated
t, = time to complete primary consolidation

As indicated in Table B2, a value of 0.002 has been selected for Cae. This
value reflects the fact that upon completion of primary consolidation, a
minimum of 0.5 m to 1.0 m will be removed from the embankment top and
the compressible soils will be slightly over-consolidated.

The settlements due to secondary consolidation anticipated at the
interchange embankments are presented in the table in the following page.

The settlements due to secondary consolidation below indicate that the
design requirement of maximum long term settlement of 25 mm, after
removal of the surcharge, is met at all locations with the exception of
McCarthy St at Stations greater than 10+240. In view of the extended
period of time considered in the calculations (35 years) and the fact that the
embankments where the design specifications, for on going secondary
settlements, are exceeded are not in the proximity of the bridge, these
anticipated long term settlements may be acceptable to MTO. This should
be discussed with MTO.
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Secondary Consolidation Analysis

Location T t,. t, AT,
(m) | (years) [ (years) | (mm)

McCarthy St. (10+040 - 45 35 1 15
10+120) CPTUNS

McCarthy (10+120 - 10+240); | 4.5 35 1 15
W-N Ramp (13+091 - 13+160)
S-EW Ramp (13+630 -
13+540) CPTUN1

McCarthy (>10+240) 9 35 1 30
CPTUN4

W-N Ramp (13+160 - 13+270) 75 35 1 25
S-EW Ramp (13+540 -
13+450) CPTUN2

W-N Ramp (13+270 - 13+350) 7 35 1 25
S-EW Ramp (13+450 -
13+380)
CPTUN3

W-N Ramp (13+350 - 13+458) | 8.5 35 1 25

S-EW Ramp (13+380 -
13+125)

Hwy 11 South of Bridge
BH-11BP

8.4 Lateral Displacement at Depth at the East Abutment

Provided that the abutment piles are installed after most of the settlements
due to primary consolidation have taken place, relatively small time
dependent lateral displacements are anticipated to occur along the piles.
For monitoring purposes and verification of the structural capacity of the
abutment piles, the maximum outstanding pile lateral deflection should be
equal to 20% (Ladd, opt.cit.) of the maximum outstanding settlement of the
embankment at the centre of the silty clay layer, at EL. 311. The lateral
deflections can be assumed decreasing to zero above and below the point
of maximum deflection, at ground surface and at the top of the silty sand &
gravel layer, at El. 303, respectively.
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Embankment Design Recommendations

9.1 Embankment Geometry and Construction Schedule

Based on the analysis presented in the preceding sections, the
embankment design, wick drain location and spacing and construction
sequence summarized in Table B31 is proposed. It should be noted that
recommendations have been provided for a berm width of 9 m, since other
berm sizes either required 100% consolidation between construction

stages, which is not desirable, or resulted in minor gain in construction
time.

9.2 Site Preparation

All organic soils should be removed within the footprint of the
embankments, including side berms. Due to the relatively high
groundwater table at this site, a NSSP should be included in the contract
documents warning the contractor that the removal of organic soils will
probably be carried out below water at most locations. Where unwatering of
excavation is required, it shall comply with the requirements of OPSS 517

Following the removal of organic soils, at locations where wick drains will
be installed, free draining material, complying with the NSSP included in
Appendix D, should be placed to an elevation at least 0.5 m above the
groundwater table with minimum thickness of 0.5 m. '

9.3 Wick Drain Specifications

In order to satisfy the design requirements for discharge capacity, soil
retention, permeability and clogging criteria, and installation, the wick drains
should be supplied and installed according to the NSSP included in
Appendix D.
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9.4 Monitoring Program

9.4.1 Types of Instruments

The performance of selected areas of the embankments will be monitored
using the following instruments:

. Slope Indicator (Sl). to monitor horizontal displacements at depth at
the abutment locations. Due to the potential for large settlements at
the abutment locations telescopic casings should be used and
selected to accommodate settlements of up to 1 m;

. Vibrating Wire Settlement Cells with Pressurized Reservoir
(SC): for the remote monitoring of settlements of the embankment
base at the abutment locations;

. Settlement Rods (SR). anchored on a steel plate at ground surface,
at the base of the embankment, extended to the top of the
embankment for monitoring of settlements of the embankment base
with conventional survey methods. The rods should be protected by
a PVC or ABS pipe of larger diameter, to minimize the development
of friction along the rods, and by a 400 mm CMP, for protection
against damage during the embankment construction. The rods and
protection pipes should be erected in 3 m increments as the
embankment increases in height.

. Settlement Pins (SP). standard steel pins anchored in a concrete
block cast on top of the embankment surcharge.
. Vibrating Wire Piezometers (VWP). installed in the compressible

clayey silt and silty clay deposits and underlying sand deposit. The
VWPs should be installed as close as possible to the centre of the
triangle defined by the nearby three wick drains.

. Shallow Standpipe (SSP): installed near each of the monitoring
sections to monitor the near surface groundwater table
. Read-out Unit. depending on the economics of the monitoring

program, the vibrating wire instruments may be read automatically at
specified time increments by an automatic acquisition system
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9.4.2 Monitoring Sections

The instruments will be installed in the following three typical monitoring

sections:

Monitoring Section Type A

Location:

One SI:
Two 8C:
Two SR:

Four SP:

at the East Abutment location, 3 m behind the line of
piles: ~Sta. 10+043

at the embankment centreline

at the centreline of the E/B and W/B lanes

at the centreline of the E/B and W/B lanes (1.0 m from
the SC)

Two at the top of the surcharge: at the centreline of the
E/B and W/B lanes (1.0 m from the SR);

Two: one on each side berm, near the side slope of the
main embankment

Two strings of VWP: at the centreline of the E/B and W/B lanes.

One string will include Two VWP installed at the
following elevations: EL 311.5 (0.5 m above the bottom
of the silty clay layer) and EL 310.5 (0.5 m below the
top of the silty clay layer).

The other string of VWPs should include the VWPs
above plus one VWP installed in the Sand and Gravel
layer, at EL. 302.

One Standpipe: Installed to 3 m depth and slotted in the bottom 1 m

Monitoring Section Type B

Location:
Two SR:
Four SP;

McCarthy St. Sta. 10+160

at the centreline of the E£/B and W/B lanes

two at the top of the surcharge: at the centreline of the
E/B and W/B lanes (1.0 m from the SR);

Two: one on each side berm, near the side slope of the
main embankment

Two strings of VWP: at the centreline of the E/B and W/B lanes.

Each string will include three VWP. One string will
include VWs installed at the following elevations: EL
310, EL 308, EL 306. The other string of VWPs should
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9.4.4 Frequency of Readings

All instruments should be initialized and read at least three times in three
different days before placement of any rock fill.

During construction the instruments should be read at least once
immediately before the placement of 1 m high fill lifts and at least once a
week between construction of 1 m lifts and between Stage 1 and Stage 2.

Upon completion of the embankment construction to the top of surcharge
the instruments should be read:

. weekly for a period of 2 months

. monthly thereafter until the removal of the surcharge

. weekly for a period of 1 month after the removal of surcharge

. monthly for a period of one year following the removal of
surcharge

. once every three months following the paving of the roads for

a period of three years
9.4.5 Monitoring Levels

There are basically three parameters that should be monitored closely
during and after construction:

. Excess Pore Pressures (EPP)
. Embankment Base Settlement
. Lateral Displacements at Depth

The EPP requirements for stability purposes during construction are shown
in Table B31. The EPP shown have priority over the estimated times
shown in Table B31.

The monitoring of settlements after the end of construction of the
embankment to top of surcharge, allows the assessment of long term
settlements due to primary consolidation and when the surcharge can be
removed for the pavement construction. It is recommended that the
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Rectangular Hyperbola Method® be used for reduction of and prediction of
long term settlements due to primary consolidation.

Lateral deflections at the abutment pile locations should also be monitored
in order to confirm that the lateral displacements due to primary
consolidation have mostly stabilized prior to installation of piles.

9.5 Trial Embankment

Although the CPTUs provided a significant increase in confidence about
the foundation material properties and expected performance of the
embankment, some issues regarding the pre-consolidation pressures and
time required for stabilization of settlements in areas where wick drains are
not required remain unanswered.

In order to confirm the design assumptions and possibly further optimize
the wick drain and surcharge design, it is recommended that portion of the
proposed embankment be constructed in an advance contract.

In our opinion, the trial embankment is a prudent investment that should
minimize the potential for construction schedule delays.

Sridharan, A., Murthy, N.S. and Prakash, K (1987)."Rectangular hyperbola method of consolidation analysis”.
Geotechnicque 37, No. 3, 355-368 and,

Tan, S.A., (1993). "Ulimate Settlement by Hyperbolic Plot for Clays with Vertical Drains”. ASCE Journal of
Geotechnical Engineering, Vol. 119, No.5, May, 1993, 950-956
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Gamma C Phi Piezo Ru Thurber Engineering Ltd. - Toronto
kN/m3 kPa deg Surf. 19-1104-4
Rock Fill 20 0 42 1 0] Trout Creek North {.C. BH 38F East Abutment
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NORTH INTERCHANGE - APPROX. STATION 10+161, MCCARHTY STREET (CPTUN1)

HIGHWAY 11

Nint-cptun1-high.xls

- TROUT CREEK BY-PASS

SETTLEMENTS DUE TO PRIMARY CONSOLIDATION - NO WI