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ABSTRACT Reflection on Resources

To allow a 5.5 m widening of both sides of Cedarvale Station, formerly known as Eglinton West Station, in Toronto, a
micropile and shotcrete shoring system was constructed to support a 10 m deep excavation. The excavation process was
balanced to minimize any eccentric loading onto the existing structure. A top-down approach was taken to quickly allow
pedestrian traffic. The Southern portion of the existing station featured a T-shaped structure that was widened to expand
the capacity at platform level. Support of this overhang during excavation was achieved using high-capacity soil-bonded
micropiles installed directly adjacent to the structure. A careful excavation and load transfer procedure was executed to
safely transfer the loads onto the micropiles and allow the excavation to advance. The micropile shoring and underpinning
solution allowed the excavation to proceed to depth while maintaining the bus and subway service in and out of the station.
A detailed description of the project, including subsurface conditions, installation, monitoring, testing, and lessons learned
are outlined in this paper.

RESUME

Pour permettre un élargissement de 5.5 m des deux cotés de la station Cedarvale, anciennement connue sous le nom de
station Eglinton West, a Toronto, un systéme d'étaiement en micropieux et en béton projeté a été construit pour supporter
une excavation de 10 m. Le processus d'excavation a été équilibré pour minimiser toute charge excentrique sur la structure
existante. Une approche descendante a été adoptée pour permettre rapidement la circulation des piétons. La partie sud
de la gare existante comportait une structure en forme de T qui a été élargie pour augmenter la capacité au niveau du
quai. Le souténement de ce porte-a-faux lors de l'excavation a été réalisé a l'aide de micropieux liés au sol de grande
capacité installés directement a c6té de la structure. Une procédure minutieuse d'excavation et de transfert de charge a
été exécutée pour transférer en toute sécurité les charges sur les micropieux et permettre a I'excavation d'avancer. La
solution d'étaiement et de soutenement des micropieux a permis de procéder a l'excavation en profondeur tout en
maintenant le service de bus et de métro a l'intérieur et a I'extérieur de la gare. Une description détaillée du projet, y
compris les conditions du sous-sol, l'installation, la surveillance, les essais et les legons apprises sont décrites dans ce
document.

1 INTRODUCTION

The Eglinton Crosstown LRT project will connect Toronto’s
midtown region to the existing subway network.
Approximately 19 km of subway line and 25 stations will be
built as part of the project. The first phase of the project is
expected to be open in 2022. The existing station opened
in 1978 and has served as an active bus terminal and
subway stop for the TTC Yonge-University Line 1.
To create an interchange station with the new Line 5,
upgrades and expansion of the existing station was
required while maintaining active service throughout
construction. A sensitive existing structure and restricted
access required a delicate approach to completing the
work while maintaining the current TTC service. The
workflow to achieve this goal can be broken down in three ®
main components: |
e Construction of the platforms and supporting
facilities for the new Line 5;

e Construction of the underground Line 5
underneath Eglinton Ave W

e Expansion of the existing concourse levels,
connecting passengers between Line 1 and Line 5.

Figure 1 shows the existing station, the Project Areas
(station widening), and the added Line 5 concourse levels
and track line.
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Figure 1. Cedarvale Station Layout — Existing and New
Structures

The project scope discussed in this paper pertains to
the third stage which provided temporary support of
excavation (SOE) to the West and East sides of the
existing station, and to underpin the existing building,



enabling the construction of the permanent structure for the
platforms.

A micropile is a small-diameter pile (normally smaller
than 300 mm). It is installed by various processes using
air/water or polymer slurry as the flushing medium, central
reinfforcement placement, and grouting (sometimes
pressure or post-grouted). It provides static and seismic
loading capacity via skin frictional and tip resistances.
Micropiles can be beneficial for many engineering
applications due to its low energy installation process, use
of small drilling equipment for restricted access work, ease
of installation in rock and stiff soil, and high axial load
capacity.

Micropiles were selected to form the support for the
underpinning and SOE structure. Its ability to work under
constrained and low-headroom locations in conjunction
with its high load capacity were key for allowing the
structure construction without roof removal and station
shutdown. Figure 2 shows the work zones.
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Figure 2. Project work zones

2 PROJECT SETTINGS

Situated at the Eglinton Avenue West and Allen Road
intersection, the new Cedarvale Station construction site
presented difficult site logistics. A single truck
loading/unloading zone was available for the entire station
construction. The available means of ingress/egress
to/from the Project Area was facilitated by a tower crane. A
detailed traffic control plan and coordination with the
general contractor and other trades were required for
routine material and equipment handling. Figure 3
illustrates the general site arrangement.

The compact micropile and shotcrete equipment,
tooling, and supporting equipment were vital for the
success of this project. The small setup (drill rig, mud
shaker, decantation tanks, and air compressor) is shown in
Figure 4.

3  LOAD TEST PROGRAM

Two pre-production static compression load tests were
performed to verify the micropile ultimate and service
capacities. LT-1 test pile was installed with a 15 m cased
length followed by a 5 m bare bond length. LT-2 test pile,
on the other hand, was installed with a 20 m cased length
and a 7.5 m bare bond length.

Both tests were bonded to a very dense silty sand to
sand layer, with SPT blow counts between 65 and 102 per
300 mm penetration. The test piles were configured with

324 mm diameter x12.7mm wall steel casing fy=550 MPa
and a 279 mm diameter uncased bond zone. In addition,
both tests were de-bonded with a low-strength cement-
bentonite grout injected through the annulus of the cased
length and drilled hole. Figure 5 shows the two micropile
profiles along with the representative soil profile.
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Figure 3. General site arranement

Figure 4. Drilling setup: Hutte HBR203D (top), mud shaker
and tanks (bottom left), and air compressor (bottom right)



LT-1 was loaded to a maximum test load of 2200 kN.
Its results are shown in Figure 6. The maximum measured
displacement was 18 mm, with a creep test performed at
1100 kN and 2200 kN. The total creep measured from 1 to
10 minutes were 0.29 mm and 0.22 mm, respectively.

LT-2 was loaded to a maximum test load of 1800 kN
with a total measured displacement of approximately 12
mm. The creep test was performed at 900 kN and 1800 kN,
with creep measurements of 0.06 mm and 0.10 mm,
respectively, for a hold period of 10 minutes. LT-2 results
are presented in Figure 6.

Both tests are well below the criterion of 0.15 mm/kN
recommended by the Federal Highway Association in its
micropile design manual (FHWA, 2005).

4  PRODUCTION WORK

41 Micropile Installation

Micropile drilling was performed by rotary duplex drilling
process, where the outer casing and the inner drill string
and drill bit were simultaneously advanced. A polymer
slurry was used as the flushing medium. The slurry
provided hole stability, maintaining a minimum hydrostatic
pressure within the drill hole. In addition, the flush return
evacuated cuttings from the drill hole. The polymer slurry
had to be tested and controlled on a frequent basis to
maintain the optimum level for hole stability and cuttings
removal. The slurry circulated from the bottom of the drill
hole up to the shaker as shown in Figure 7 and

LT-1

subsequently to the decantation tank to be recycled. The
324 mm diameter x12.7mm wall permanent casing was
installed throughout the full cased length. The 292 mm tri-
cone drill bit attached to the drill string advanced past the
cased length to the design tip elevation.

75-mm thread bars, 830/1035 MPa, were installed full
length for all underpinning micropiles. All piles were tremie
grouted with a 35 MPa cementitious grout.

4.2 Top-Down Excavation

A top-down excavation method was utilized to limit the
impact of the excavation process onto the existing building
and SOE structures. It also allowed passenger traffic as
soon as the excavation was completed. This procedure
consisted of the installation of all micropiles (for
underpinning and SOE structure), then partially
prestressing the underpinning micropiles to lock in the
required resistance to support the roof. The load was
transferred from the roof to the underpinning micropiles
through a system of beams, namely the roof support
structure. This was followed by the top slab installation, in
the regions where the roof support structure was not
present. The pit excavation commenced after key
components of the existing structure was restrained. The
slab and roof support structure served as a locking
mechanism at the top of the SOE wall, limiting the lateral
displacement of the wall, allowing for a better performance
of the micropiles.

LT-2
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Figure 5. Sacrificial Pre-Production Test micropiles and representative soil profile
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Figure 6. LT-1 (top) and LT-2 (bottom) test results

Figur 7. Shaker in action searating the poler slurry
from the cuttings

The excavation process started under the slab and roof
support structure. The excavation was sequenced in 1.22
m lifts (4 ft). Also, each side of the station (East and West
of the station) could not be excavated more than one lift
ahead of the opposing excavation side to limit the lateral
load imposed onto the existing structure. Within every
excavation stage, the shotcrete wall mesh and steel

bracing were installed. Heavy HSS and I-beams were used
as struts and walers for the SOE structure. All steel
elements were cut and assembled on site due to the little
room available inside the excavation pit to position the
elements. The struts were welded onto pre-installed steel
plates, anchored into the existing structure, and into the
SOE wall. Shotcrete passes were manually conducted due
to the restricted access and congested area with steel
bracings. Figure 8 shows the temporary bracing, along with
the underpinning micropiles , the shotcrete wall, and the
roof support structure.

Upon reaching approximately 5.0 m of excavation
(bottom of existing structure), the existing building was
supported onto the underpinning micropiles to allow the
excavation to proceed to the final excavation elevation.
This was accomplished through a needle beam system
connecting the existing building to the underpinning
micropiles. This stage of the project was critical due to the
required micropile stiffness of 475 kN/mm so that the
existing structure would experience limited settlement (i.e.
< 3 mm) with a serviceability capacity of 1850 kN. The
underpinning micropile performance was then governed by
the serviceability limit state instead of the ultimate limit
state because of this stage.

Once the existing structure was supported onto the
needle beams and underpinning micropiles, the excavation
was successfully completed to the bottom elevation. Figure
9 shows the needle beams supported by the underpinning
micropiles and bottom of excavation.

5  QUALITY CONTROL & QUALITY ASSURANCE
51 Micropile Quality Control Program

The micropile QA&QC program comprised of 4 no. major
steps: micropile location, polymer slurry quality, central bar
assembly, and grouting parameters.

The micropile location was surveyed by means of a
total station and was verified after installation, also by a
total station. A few micropiles were off-center due to
obstructions during drilling. An abandoned facility and
uncontrolled fill were found to be present during drilling
activities. However, no remedial work had to be performed.

The polymer slurry was verified every morning and after
each micropile installation. The main parameters checked
were viscosity (by Marsh Funnel test), pH, sand content,
and density. During grouting, the QC inspector controlled
the mud return to the tank by constantly measuring the pH
at the micropile head (mud return point). Once the pH
started to rise, the slurry return line was diverted to a dump
bin and the laitance layer was disposed of. This ensured a
longer durability of the mud and avoided any subsequent
drilling issues. The laitance layer is a transition zone
between the drilling slurry and the grout. It is usually
composed of mud contaminated with grout and/or soils
(Deep Foundations Institute and European Federation of
Foundation Contractors, 2019). The laitance layer material
is shown in Figure 10.



Bracing
System

P ? 3

of the Cearva

Figure 9. Final excavation stage le Station

widening project

During the thread bar installation, the coupler
placement was checked to confirm the full bar
engagement, the centralizer positions were confirmed, and
the tremie tube was verified to be free of kinks and cracks.

The grout was verified before, during, and after grouting
operations. The specific gravity of the grout was checked
at the pump to verify the mix design and double-checked
during grouting and at the slurry/grout return on top of the
drill hole. Grouting was finalized once the obtained specific
gravity from the grout return had a minimum value of
1.85+0.05 g/cm3. Also, the 28-day grout strength was
tested by the Unconfined Compressive Strength (UCS)
test.

Figure 10. Laitance layer (mud contaminated with grout
and/or soil)

5.2 Excavation Quality Program

The main component of the QA&QC program for the
excavation phase was the weld and installation inspection
of the bracing structure. In addition, shotcrete mesh
placement (mesh overlap and geometries), and wall depth
and thickness were verified before shotcreting operations.
Finally, the shotcrete Unconfined Compressive Strength
(UCS) was tested at 28 days.



6 SUMMARY & CONCLUSIONS

The required transformation of the Cedarvale Station
project posed many challenges. Maintaining a live subway
and bus lines, while performing the work within the same
station in a restricted access setting was highly complex.

The constrained and small working areas with little
access for equipment maneuvering and complicated site
logistics, along with an aggressive schedule posed many
challenges to the job. However, with the compact setup
provided by micropile and shotcrete techniques, the
Cedarvale Station widening project was successfully
delivered. The micropiles provided the required high
capacity for both underpinning and support of excavation,
while the shotcrete guaranteed a stable excavation. A
stringent Quality Control program was implemented by the
specialty contractor to ensure the installation of each
production pile was consistent with the sacrificial pre-
production test piles.

With growing urbanization, similar complex problems
may be encountered to allow for further expansion and
development. These can be facilitated by a combination of
techniques such as micropiles and shotcrete along with
ground improvement and grouting techniques, if required.
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