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ABSTRACT: This paper presents a case study of a deep excavation near a historic building in downtown Toronto, Canada. The 
excavation was supported by interlocking steel pipe piles plus jet grout columns with a layer of top struts and base slab. The existing 
foundation of the historic building was stabilized using polyurethane injection. Comprehensive field instrumentations were used to 
monitor the building and ground movements as well as groundwater variation to guarantee the success of foundation stabilization, jet 
grouting and excavation. Back-analysis using a finite element program was carried out to evaluate the shoring wall performance. 
Recommendations for the design of shoring wall and foundation protection in the similar soil conditions are provided. 

RÉSUMÉ : Cet article présente une étude de cas d’une excavation près d’un bâtiment historique situé dans le centre-ville de Toronto, 
Canada. L’excavation a été appuyée par emboîtement tas de tuyaux en acier plus colonnes coulis jet avec une couche de top struts et 
galette basse. La Fondation existante du bâtiment historique a été stabilisée à l’aide d’injection de polyuréthane. Instrumentation complète 
champ ont été utilisées pour surveiller les mouvements de bâtiment et de masse ainsi que variation de la nappe phréatique pour garantir la 
réussite de la stabilisation de fondation, de jet grouting et d’excavation. Rétro-analyse à l’aide d’un programme d’éléments finis a été 
réalisée pour évaluer la performance du mur étayage. Recommandations pour la conception des étaiements de fondation et le mur de 
protection dans les conditions de sol semblables sont fournies.
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1  INTRODUCTION 

Infrastructures and buildings have to go deeper today than in 
the past due to limited space in densely populated urban 
environments. Deep excavation for the construction of 
underground structures will induce large stress and strain, 
which may lead the damage of adjacent structures and utilities. 
As the soil stress-strain behaviour is non-linear and affected by 
many factors, it is difficult to predict the ground movement 
induced by excavation. In practices, field measurements are 
widely used to monitor soil behaviour and to control ground 
movement.  

This paper presents a case study of a deep excavation, 2 to 3 
m offset from the National Rubber Industries (NRI) building in 
downtown Toronto, Canada. Interlocking steel pipe piles 
installed using pressing method (i.e. Giken system) with a layer 
of top struts and base slab were employed to support a deep 
excavation reaching up to 11 m below ground level. The Giken 
piles were installed up to approximately 25 m below the 
existing grade. Jet grouting was carried out behind the Giken 
piles to prevent groundwater seepage through the interlocks and 
potential loss of ground undermining the NRI building. 
Polyurethane injection was used to reinforce the existing 
foundation of the NRI building which was constructed in 1880. 
Field instrumentations including inclinometers, settlement 
points, surveys targets and tiltmeters were installed to monitor 
the movements of the building and ground during polyurethane 
injection, jet grouting and excavation. Real-time monitoring 
using robotic total-stations with automated web-produced 
reports were used to monitor the vertical and horizontal 
movements of the building during jet grouting. Vibrating wire 
piezometers and open standpipe piezometers were used to 
monitor the variation of groundwater level during the jet 
grouting and excavation. The open standpipe piezometers were 
also used to monitor potential ground migration during jet 
grouting. The field monitoring guaranteed the success of 
foundation stabilization, jet grouting, and excavation. A finite 
element analysis was carried out to evaluate the performance of 
the shoring wall. Recommendations for the shoring design and 
foundation protection in a similar soil condition are provided. 

 

 
2  GROUND CONDITION AND PROJECT DESCRIPTION 

The site is located at north of Junction Road and south of St. 
Clair Avenue in the City of Toronto, Ontario. Field 
investigation with drilled boreholes revealed that the subsurface 
condition consisted of about 1 m to 3 m of loose to compact 
granular fill overlying a firm to hard silty clay to clayey silt 
deposit. The thickness of the cohesive deposit was about 1 m to 
4 m, locally up to 8 m. Underlying the silty clay to clayey silt 
deposit, a deposit of compact to very dense sand to sand and silt 
was encountered with interlayers of silty clay and silt, which 
was then underlain by a deposit of stiff to hard clayey silt to 
silty clay glacial till. The surface of the granular deposit was 
typically encountered at a depth ranging from 2 m to 10 m 
below ground surface and was 9 m to 19 m in thickness. The 
cohesive glacial till deposit primarily consisted of silt and clay 
with some sand and trace to some fine gravel fractions. The 
groundwater level was at 5.2 m to 8.3 m below the existing 
ground surface.         

The project was to separate the grades between two rail lines, 
in which one rail line would pass beneath the existing rail line 
with a grade difference of about 9 m between the two rail lines 
that would result in an excavation depth up to 11 m below the 
existing ground surface. The grade separation required the 
construction of retaining walls, approximately 1 km in length. 
A base slab structure, approximately 0.8 to 1.4 m thick, would 
be constructed to act as support for the rail track bed as well as 
horizontal bracing of the retaining structures, and also to limit 
ingress of groundwater seepage. For the higher retaining walls, 
to provide lateral restrain to limit temporary and permanent 
displacements, permanent top struts would be constructed. 
Where the retaining structures would have permanent exposed 
wall heights of 6 m or less, the walls would be constructed as 
cantilever walls with horizontal support only at the wall base.  

With the side space restrictions, the retaining structures was 
to be constructed in two sections, each about 11 to 11.5 m in 
width. To permit continued operation of the railways, a central 
wall was constructed to facilitate construction staging, which 
was also intended to provide intermediate support to the 
permanent top struts. The eastern half of the lower corridor was 
excavated first and a single rail track was constructed  in  the   
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Photograph 1. Eastern half of the lowered corridor and NRI building. 
 

lower corridor as shown in Photograph 1. This was followed by 
excavation of the western half of the lower corridor and 
construction of the second rail track.           

The most suitable wall type to achieve the project goals was 
found to be an interlocking steel pipe pile wall (concrete filled 
piles) forming a continuous wall near the historic NRI building. 
A test pile installation program was carried out at the site to 
assess various installation techniques. Based on the test result, 
the designed 0.9 m outside diameter steel pipe piles were 
installed using Giken pressing system.    

The lowered rail tracks would be running parallel to and 
about 2 to 3 m away from the eastern perimeter wall of the NRI 
building as shown in Photograph 1, in which the Giken piles 
near the building had been installed and the eastern half of the 
lowered corridor had been excavated. The existing building 
consists of at least three sections along the length of the 
building which is adjacent to the rail tracks. The main structure 
consists of steel and timber columns with masonry infill on the 
exterior walls. Interior partitions with masonry infill between 
columns are located perpendicular to the railway tracks behind 
the exterior walls of the building. The interior walls of the 
building are approximately 4.4 to 5.5 m in height. The single-
storey brick structure is supported on the shallow spread 
foundation consisting of limestone pieces with possible lime 
mortar. 

3  PROTECTION METHODS FOR NRI BUILDING 

With the excavation of up to 11 m for the rail track, there was a 
serious concern about the settlement of the NRI building 
foundations adjacent to the proposed excavation. This potential 
settlement could occur during construction and the dewatering 
process due to consolidation of the soils and loss of soil through 
the shoring system. Some settlements could also occur because 
of the lateral movement of the shoring system as the excavation 
progressed. 

In view of this serious concern, strengthening the building 
was proposed as follows: 

(1) To undertake stabilization grouting (foam injection) 
under the existing foundation of the NRI building to 
provide additional support to the building; 

(2) To do jet grouting at the steel pipe pile interlocks to 
seal the joints and to prevent leakage of water inside 
the excavated area; and 

(3) External struts connected to the pipe pile wall to 
support the NRI building wall. 

The stabilization and jet grouting are descripted in detail in 
following sections.  

3 .1  Stabilization grouting 

In order to provide additional ground support to the shallow soil 
within or in close proximity to the NRI building foundation, 
and to seal any gaps below the floor slab and entry-way where 
jet grouting conducted later might enter the foundation, a 
polyurethane grouting program was implemented. The grout 
material was a patented water blown formulation of high 
density polymer.  

A grout injection test was carried out to assess the grouting 
technique and quality. A total of 6 injection holes were selected 
between the Giken pile wall and the NRI building wall. 4 test 
holes were drilled at a 5º angle within a distance of 0.3 m from 
the NRI building and the remaining 2 holes drilled at a 30º 
angle within 1.4 to 1.5 m away from the NRI building. A 2.1 m 
long, 13 mm diameter copper tube was used to inject the 
polyurethane grout at 5º angle holes and a 3.7 m long tube was 
used for 30º angle holes. A total of 191 kg of injection grout 
was used during the injection of the 6 test holes, indicating 
relatively high porosity of the soils or relatively weak soil 
below the existing foundation.  

Prior to and after the testing injections, standard penetration 
tests (SPTs) were carried out to determine the potential effect of 
injection on the densification of soils surrounding the test 
locations. Figure 1 shows the SPT N-values obtained prior to 
and after polyurethane grouting at two test locations. After 
polyurethane grout injection, the SPT N-value generally 
increased by 3 to 5. Samples were also obtained from the 
injected ground for laboratory compressive strength and 
permeability tests. The test results indicated a compressive 
strength of 120 and 130 kPa for the polyurethane grout. The 
laboratory test results revealed no significant change to the 
ground permeability surrounding the testing locations. 

The NRI building was monitored during the polyurethane 
grouting test. 4 reflective targets were mounted on the exterior 
of the east wall of the NRI building, 2 reflective targets 
mounted on the interior wall, and 2 reflective targets mounted 
on the interior floor slab. These targets were to monitor possible 
settlement/heave of the exterior wall and floor of the building 
due to polyurethane injection. 3 tiltmeters were installed on the 
masonry wall of the NRI building to monitor a possible tilt of 
the wall. An inclinometer was also installed to monitor the 
ground lateral movement. 

The monitoring results showed that during and after the 
grouting, the maximum heave of the wall was 3.9 mm, the 
maximum heave of the floor was less than 1 mm, the maximum 
tilt was 0.88 mm/m and the maximum lateral ground movement  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 1. SPT N-values prior to and after polyurethane grouting.  
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was 1.2 mm. All of these values were within the building 
tolerance limits. 

Since the injection test had proved the applicability of the 
polyurethane grout to stabilize the ground, this ground 
improvement technique was applied to the whole section of the 
existing foundation of the NRI building near the proposed 
excavation. The NRI building was also monitored during the 
polyurethane grouting and the monitoring results indicated the 
success of the ground stabilization.              

3 .2  Jet grouting 

Since the groundwater table was about 8 m below the existing 
ground surface, and was approximately 3 m higher than the 
excavation level near the NRI building, a watertight seal or a 
water/fines seepage barrier was required at the steel pipe pile 
interlock locations to prevent seepage through the interlocks 
and potential loss of ground undermining the NRI building. Jet 
grouting was considered to seal the interlocks. 

Prior to the production jet grouting, a jet grouting test was 
conducted at 2 locations to verify the jet grouting procedure and 
design assumptions. For the purpose of inspection, the testing 
columns were terminated at approximately 2 m below grade. A 
visual inspection of the upper portion of each column as shown 
in Photograph 2 confirmed the grouting quality and approved 
the use of jet grouting at this site. 

Following the jet grouting testing, jet grouting was 
performing at the pile interlocks at a total of 251 locations. The 
desired production column diameter was 1.2 m and the column 
was spaced at 1.2m apart (center to center). The grout column 
was designed to be installed to approximately 2 m above the 
Giken pile toe and terminated at about 2 m above the 
groundwater level. The material used for the column was field- 
mixed grout with Type 2 Portland cement and 1.2:1 water-
cement (w/c) ratio with compressive strength of not less than 2 
MPa and in-situ permeability of not more than 1.0 x 10-6 cm/sec. 
Acceptable range of viscosity was 30 to 36 seconds measured 
using the Marsh funnel and acceptable range of specific gravity 
was 1.40 to 1.50 g/cm3. Field tests and laboratory tests on the 
grout samples during jet grouting confirmed these acceptable 
criteria, except the in-situ permeability test, which was not 
conducted due to the small column diameter and the potential of 
drilling disturbance. 

 During the jet grouting, monitoring of the NRI building 
wall and ground movement as well as groundwater level was 
undertaken as follows: 

 Real-time monitoring using 3 robotic total-stations 
(RTS) for measurement of vertical and horizontal 
movements of the building wall. 113 prisms were 
attached to the exterior wall of the building for the real-
time monitoring. This web-based monitoring system is a 
comprehensive tool used for real-time displacement 
measurements, allowing operational adjustments during 
works when reaching pre-defined displacement 
threshold values. Email alerts with automated web-
produced reports were issued to pre-authorised account 
holders on a regular basis during jet grouting;  

 197 targets and 14 tiltmeters mounted strategically along 
the exterior wall for manual measurement of wall 
movement and tilting at the precise jet grout column 
locations;  

 228 settlement targets were installed inside the building. 
These were positioned strategically on the slab floor to 
measure potential floor slab heave; and along the 
interior wall of the building for measurement of 
potential movements;  

 6 inclinometers and 46 shallow and deep settlement rods 
for measurement of vertical and horizontal ground 
movement. They were installed between the Giken piles 
and the building wall. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Photograph 2. Excavation around jet grout column. 

 
 Groundwater level variation was monitored using 6 

vibrating wire piezometers sealed in boreholes drilled 
adjacent to the building wall; and 

 10 observations wells were also installed in close 
proximity of the building wall to determine potential 
grout migration during jet grouting operation. This 
additional measure was also utilized for the groundwater 
sampling purpose to measure the quality of groundwater 
during the jet grouting operation. 

The real-time monitoring revealed local movements within 
the lower and upper threshold values which were periodically 
reported during each monitoring events. No significant 
movement was recorded. The daily survey target monitoring of 
the exterior and interior walls of the building also indicated no 
significant movements with a maximum heave of 2.8 mm and 
maximum settlement of 2 mm. Movement in the magnitude of 
±1.0 mm per meter was recorded by the tiltmeters. During the 
process of jet grouting, soil lateral movement of approximately 
4 mm was measured by the inclinometers. A maximum ground 
heave of 6 mm and maximum settlement of 9 mm were 
observed in the settlement rods. The vibrating wire piezometers 
revealed no significant variation in the groundwater levels.  

During jet grouting, rises in the groundwater table and 
increases in pH of the water samples taken from the observation 
wells were observed. During these occurrences, real-time 
monitoring was increased with no movement of the wall being 
observed in association with the implied groundwater 
movement. Visual inspection was also performed on the interior 
of the building to ensure no water and/or grout ingress to the 
building occurred through cracks or previously damaged areas 
of the floor.  

The groundwater level monitoring during the excavation 
near the NRI building indicated no significant change in the 
groundwater level, which confirmed the success of jet grouting. 

4  FINITE ELEMENT BACK-ANALYSIS FOR 
EXCAVATION 

The finite element program RS2 (version 9.0) was used in the 
back-analysis. The program can be used to simulate excavation 
in soil under plane strain condition. Six-node triangle elements 
were used to model the soil media. The Giken pile wall was 
modelled by structural beam elements. The analysis modelled 
the western half width of the excavation where the left-hand 
boundary of the mesh represented the constructed central wall 
strained from both vertical and horizontal movements. The 
dimensions of finite mesh were 80 m long and 33 m deep. The 
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 half width of the excavation was 11 m. The bottom boundary 
was strained from both vertical and horizontal movements. The 
right-hand boundaries were free to move in the vertical 
direction.  

The soil profiles used in the analysis were based on nearby 
borehole logs. The groundwater level was taken at 8 m below 
the existing ground surface prior to excavation, corresponding 
to El. 115 m. During the excavation, the groundwater level was 
assumed to be drawn down to 0.5m below the excavation level 
at the excavated side and not changed at the unexcavated side as 
confirmed by the groundwater level monitoring during the 
excavation. The soil parameters used in the analysis are shown 
in Table 1, based on SPT N-values, soil laboratory test results, 
and supplemented by the judgement based on local and regional 
experience with these soil types (Cao, et. al. 2015; Bowles, 
1997). Since the excavation was unloading, the modulus 
corresponding to an unloading condition (i.e. 
overconsolidation) was used. Poisson’s value was taken as 0.3 
and the coefficient of earth pressure at rest was taken as 0.5.  

           
Table 1. Soil parameters used in finite element analysis.  

Depth 
(m) 

Soil type 
Unit weight 

(kN/m3) 

Young’s 
modulus 

(MPa)

Friction 
angle

0 - 2 Fill 19 20 30

2 - 4 
Silty clay/ 
clayey silt 

20.5 40 32

4 - 20 
Sand to 

 sand and silt 
22.5 75 35

20 - 
33 

Silty clay/ 
clayey silt till 

22.5 100 35

 
The Giken pile wall was modelled as reinforced concrete 

with steel pipe 914x12.7 at a spacing of 1.2 m. The equivalent 
thickness of the 10 MPa in-fill concrete was taken as 620 mm 
and the Young’s modulus taken as 10 GPa. Poisson’s ratio for 
concrete was taken as 0.2. The thickness of concrete base 
support was taken as 1 m and Young’s modulus taken as 30 
GPa. The top strut was assumed as 406x6.4 steel pipe at 
spacing of 6 m. Young’s modulus of steel was taken as 200 
GPa and Poisson’s ratio taken as 0.25. 

Figure 2 shows the deformed mesh and ground vertical 
movement when the excavation reached 11m below grade. The 
heave at the building location is about 3 to 5 mm. This is 
consistent with the ground movement measured during and 
after the excavation, which indicated a maximum heave of 4.6 
mm.   

The measured and computed lateral movement toward the 
excavation at 0.5 m away from the wall after excavation to the 
bottom are shown in Figure 3. The computed lateral movements 
are in a good agreement with the inclinometer measurements, 
indicating that the input parameters used in the analysis are 
reasonable. It is found that the most sensitive parameter is the 
soil modulus.         

5  CONCLUSIONS 

Interlocked steel pipe piles installed using the pressing method 
was found to be the most suitable shoring system to avoid 
ground disturbance and structural damage for the deep 
excavation near the historic building. Groundwater seepage can 
be effectively cut off using jet grouting. For the footing founded 
on a relatively weak granular soil, polyurethane grouting can be 
considered as a ground improvement method.  
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Deform mesh and vertical movement. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Lateral movement near Giken pile wall.  

 
Field monitoring plays an importation role during ground 

improvement and deep excavation supported by shoring walls, 
especially for a deep excavation near buildings.    

The behavior of shoring walls can be reasonably predicted 
by a finite element analysis, provided that suitable soil 
parameters are selected in the analysis. During excavation, the 
soil is under an unloading condition and thus the soil modulus 
corresponding to the unloading needs to be used in the analysis. 
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