


First expanded in the 1950s, the facility produces an average
of 482,000 m3/d and has a maximum treatment capacity of
950,000 m3/d. Perched atop a bluff on the north shore of
Lake Ontario, the plant has a commanding presence on the
lake’s shoreline. A classic example of art deco architecture, it
includes structures that have been designated as historically
and architecturally valuable under the Ontario Heritage Act,
and in 1992 it was named a civil engineering landmark.

A series of underground tanks under construction in the
hillside between two existing structures—the filter building
and the services building—will be covered to preserve the
facility’s architectural style. The filter building is positioned
at the crest of the hill and the services building is located
downslope; the excavation is between the two. Contract
documents required two stepped excavations with depths of
12 and 10 m supported by secant walls extending down more
than 35 m to rock.

The drilled shafts used to construct the foundations for
the underground tanks penetrate a gravel layer with high
artesian head. Meanwhile, aquitard soils—those that con-
tain groundwater but cannot transfer that water—above and
below the gravel layer contain cobbles and boulders, cre-
ating challenging drilling conditions. The presence of sand
prompted concerns that drilling might cause excess ground
loss below the footings of the two buildings and compromise
their structural integrity. Because of the potential for piping,

ground loss, and settlement, the risk to the existing buildings
and plant was considered high.

Concerns regarding potential movements at an exist-
ing expansion joint within the plant’s potable water tanks
prompted the City of Toronto’s design engineer in charge of
contract administration—cH2M HILL, of Englewood, Colo-
rado—to limit the allowable lateral deflection of one excava-
tion support wall to 4 mm. A comprehensive monitoring plan
was implemented that included inclinometers, electrolytic
tilt sensors (also called electrolevels), extensometers, preci-
sion and pile target monitoring, load cells, thermistors, and
SMART (stretch measurement to assess reinforcement tension)
cables. Over the course of several weeks, baseline readings
were obtained from all instruments to establish allowable
movement criteria and to determine if the mandated limits
were attainable.

The design/build team consists of the specialty deep
foundation construction company Deep Foundation Con-
tractors, Inc., of Toronto, and the shoring designers Ish-
erwood Associates, of Mississauga, Ontario. After hiring
Monir Precision Monitoring, also of Mississauga, to con-
duct monitoring at the site, the teamn crafted an alternative
design that resulted in significant savings over the original
concept. The new concept featured interlocked continuous
flight auger shafts with three levels of tieback soil anchors
on the critical north-side earth retention wall between

Table 1 Monitoring Locations and Frequencies®

Number of
Instrumentation units Location Reading frequency Baseline requirement
Survey benchmarks 8 OQutside zone of Twice weekly Prior to drilled shaft instal-
influence lation
Surface monitoring 135 2 per pile, 43 on Twice weekly Prior to drilled shaft instal-
point, type 1 buildings lation, except for piles
Surface monitoring 46 In three arrays Twice weekly When exposed
point, type 2
Inclinometers 10 Piles Twice weekly Prior to excavation
Thermistor strings 5 Secant walls Twice weekly As available
Piezometers 5 Outside excavation Twice weekly Prior to drilled shaft instal-
lation
Electrolevels 5 Filter building Daily Prior to excavation
Electrolevels 4 Services building Daily Prior to excavation
Strain gauges 1827 Struts Daily As struts become available

Vibration monitoring

Twice weekly At start of each new opera-
tion and then two shifts

per week

*Type 1 surface monitoring points measured settlement and horizontal displacement. Type 2 surface monitoring

points measured settlement only.
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the filter building and the excavation (see the figure at the
top of page 68). The design was optimized to minimize
movement along a critical expansion joint between the fil-
ter building’s south-face footing and the tank slab. With
extensive analyses performed using finite layer analysis of
consolidation (FLAc) methods, the shoring engineers were
able to predict movements at each stage of the excavation.
Monitoring the movements and comparing them with the
FLAC predictions enabled the team to assess the need for
design or methodology modifications during construction.
Because of its willingness to commit itself to an extensive
monitoring program to justify the optimized design, the
contractor was able to satisfy the owner’s objectives with a
cost-effective solution.

Contract documents prepared by the owner’s representa-
tive dictated the monitoring locations as well as allowable
vertical and lateral movements for the neighboring structures
and each region of the excavation support. Furthermore,
limited differential displacement criteria were established for
each structure and region. Table 1 summarizes the specified

monitoring locations and frequencies. Table 2 summarizes
the specified review and alert levels at several of the monitor-
ing locations. (A general layout of the monitoring points and
equipment is shown in the figure on page 69.)

Generally, project participants felt that construction could
be conducted without exceeding the allowable movement
criteria. However, the lateral movement limits set for the
filter building and the 1,200 mm diameter concrete tunnels
used for conveying and discharging water at the west side of
the excavation were considered very demanding at respec-
tively 4 and 10 mm.

After holding several meetings, project participants deter-
mined that the owner’s representative was, in fact, less con-
cerned about the filter building’s overall lateral movement
than about the potential for differential movements across
the building’s expansion joint between the south exterior
wall footing and the tank base slab beyond (see the figure
opposite).

Once the key issue was determined, the project’s design,
analysis, and monitoring programs were adjusted to focus

Table 2 Typical Review and Alert Levels

Location Level
Cofferdam walls:
Total vertical movement 25 mm
Relative vertical deflection across a length of 20 m 12 mm
Maximum horizontal movement at elevation 86.2 m above sea level 4 mm
Alert level horizontal deflection 18 mm
Review level horizontal deflection 12 mm
Peak particle velocity at south face of filter building 5 mm/s
Filter building:
Total vertical movement 25 mm
Relative vertical deflection across a length of 20 m 12 mm
Maximum horizontal movement at elevation 86.2 m above sea level 4 mm
Alert level horizontal deflection 18 mm
Review level horizontal deflection 12 mm
Peak particle velocity at south face of filter building 5 mm/s
Tunnels and conduits:
Total allowable vertical movement 25 mm
Relative vertical deflection across a length of 20 m 15 mm
Maximum horizontal movement 10 mm
Alert level for settlement 18 mm
Review level for settlement 12 mm
Peak particle velocity at south face of filter building 5 mm/s
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more on the potential for movement at the construction
joint at the bottom of the tank. The design, then, concen-
trated on reducing differential lateral movements of the fil-
ter building, and the monitoring was modified by adding
direct measurements across the critical joint, allowing for
more lenient movement criteria.

Extensive FLAC analyses carried out by the shoring engi-
neers indicated that the filter building’s movements would
be elastic and would be distributed up to 50 m back from
the structure’s south footing. Therefore, the amount of
movement at the shoring or the filter building walls would
not necessarily indicate differential movement across the
expansion joint.

To monitor the most critical area precisely, a total of
four vibrating-wire extensometers were installed within
the filter building tanks. At two locations, two exten-
someters were installed so as to span the expansion joint
between the south footing and the base slab. At each loca~
tion, one extensometer was used to monitor movements
directly across the joint and the other was used to monitor
movements between the footing and the wall of the flow
control structure located in the middle of the tank, a dis-
tance of more than 5 m.

To monitor movement across the critical joint, two
vibrating-wire extensometers were attached to telescoping
1,500 mm diameter aluminum tubes that were anchored

Cross Section

into the tank walls and supported by the columns. Exten-
someters equipped with thermistors measured changes
in water temperature to distinguish between movements
caused by construction and movements caused by tempera-
ture fluctuation in the tanks.

The logistics proved to be intricate because of the short
installation window of 48 hours—the maximum amount
of time that the City of Toronto could afford to have the
tanks out of service—and the locations where the instru-
ments were to be installed. The tanks, which were decom-
missioned strictly for this installation, were to be refilled
with treated potable water after the installation. Therefore,
it was imperative that all steps related to the installation be
precisely planned and coordinated. For example, any mate-
rials and equipment entering the tanks had to be made with
approved materials—stainless steel or aluminum~—and san-
itized. Checklists and inventory counts were used to ensure
that tools were not left behind after the installation. In this
respect, the checklists provided in John Dunnicliff and
Gordon E. Green’s Geotechnical Instrumentation for Monitoring
Field Performance (Wiley, 1988) proved invaluable as a plan-
ning tool.

Most readings were taken at the specified frequencies.
However, on several occasions reading frequencies were
increased at particular instruments or locations to monitor
an area of concern more thoroughly.
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Monir Precision Monitoring

Diagram of Monitoring Site Plan

the pile moved “into site,” or away from the filter building,
approximately 5.5 mm. These observed movements differed
from the prediction of the rLAC analyses that the pile would
move toward the excavation at the top. However, the pre-
dicted pile movements below the top tieback level closely
matched the observed movements.

The north shoring wall’s movements consistently matched
the movements and loads predicted by the rLAC analyses,
including the overall magnitude, deflected shape, and toe
deflection. The tieback loads, monitored via liftoff tests
and permanent load cells, sustained loads that consistently
matched the jacked-in and predicted loads. (Liftoff tests are
typically used throughout construction to confirm that the
load remains consistent in a shoring element.) Meanwhile,
the electrolevels installed on the neighboring structures
indicated negligible differential movements or rotation,
again in keeping with the FLAC prediction. The vibrating-
wire extensometers revealed no discernible movement across
the joint-monitoring apparatus.

This project illustrates how monitoring the performance of
excavation support systems can be a vital component of a complex
project when geotechnical observations and instrumentation are
used during construction to adjust designsin accordance with field
conditions. The support system was expressly designed to address
risk at potentially challenging locations. The system’s overall per-
formance was monitored throughout construction by measuring
pile and building movement. Moreover, the monitoring made it
possible to confirm design assumptions early in the construction
process.
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Extensometers installed within the potable water tanks
were of paramount importance in monitoring joint move-
ments at the critical junction between the filter building’s
south-face footing and the slab beyond. Instantaneous moni-
toring in the 12 months after the installation of the exten-
someters showed negligible movements across the joint at the
filter building’s south-face footing, while the accompanying
instrumentation detected total construction-related hori-
zontal movements of 6 to 10 mm at the same location. These
findings gave the client the assurance necessary to modify
the allowable lateral deflection.

Construction associated with the expansion of the R.C.
Harris Water Treatment Plant is expected to be complete
by year’s end. The design/build team’s approach of analyz-
ing areas of concern, using models to predict behavior at
these areas, and then monitoring the areas to confirm design
assumptions and performance worked well to reduce risk
and construction costs considerably. The design, analysis,
installation, and monitoring of the project met the owner’s

needs for a cost-effective solution. n

Matcelo Chuaqui is the general manager, Samantha Ford a moni-
toring and field technician, and Ivan Barua the operations manager
for Monir Precision Monitoring, of Mississauga, Ontario. Matthew
Janes, P.Eng., is a senior engineer for Isherwood Associates, also of
Mississauga. This article is based on a paper the authors presented
at the Seventh International Symposium on Field Measurements in
Geomechanics, which was sponsored by ASCe and its Geo-Institute
and held in Boston in September of this year.
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