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Microtunnelling in challenging ground condition and site constraints 
Microtunnelling dans défier les contraintes de condition de sol et site 

K. Balasubramaniam, S.K. Tang, B.G. Vaidya, S.Y. Tong & C.Y. Cheng 
Amberg & TTI Engineering Pte Ltd, Singapore 

ABSTRACT
Microtunnelling for underground pipeline is gaining increasing popularity in heavily built-up cities like Singapore due to its 
unprecedented advantage in terms of trenchless method in comparison to the conventional pipe laying in trenches. This paper
describes a case study on construction of 3000mm diameter effluent outfall pipeline in Singapore by microtunnelling method using
Earth Pressure Balance Shield (EPBS). Most of the microtunnelling was carried out through soft marine clay. The instrumentation
monitoring results on the ground response associated to the microtunnelling works are compared with the widely used analytical
method to back calculate the ground deformation design parameters due to tunnelling.   

RÉSUMÉ
Microtunnelling pour le pipe-line souterrain gagne la popularité croissante dans lourdement l'accumulation Singapour en forme de
villes grâce à son avantage sans précédent sur le plan de la méthode de trenchless dans la comparaison au tuyau conventionnel qui
plaçant dans les tranchées. Ce papier décrit une étude de cas sur la construction de 3000 mm pipe-line de outfall de effluent de
diamètre dans Singapour par la Pression de Terre d'utilisation de méthode de microtunnelling la Protection d'Equilibre (EPBS). La
pluspart du microtunnelling a été exécuté par doux marin argile. L'instrumentation contrôlant résultats sur le sol associé au
instruments de bord comparé au largement analytique méthode soutenir calcule le sol déformation grâce à percement d'un tunnel. 

1 INTRODUCTION

Trenchless technology for sewer construction was introduced in 
Singapore in 1983 and since then trenchless techniques using a 
variety of jacking and tunnelling machines have been adopted 
and applied successfully in a large number of projects.  
Construction time has been greatly reduced and construction 
costs are now more competitive if not cheaper than open trench 
costs.  Also ground disturbance and damage to structures and 
services are appreciably reduced and disruption and 
inconvenience to vehicular traffic, other road users and the 
public in general minimized. 

In this project, a sewer tunnel of 3000mm was constructed to 
transport the effluent from the nearby treatment plant to the sea.  
The entire length is approximately 3km.  3754mm diameter 
Earth Pressure Balance Shield (EPBS) was used to construct the 
pipeline.  The alignment passed through mainly soft marine 
clay.  Due to the proximity of the pipeline to nearby structures 
and installation such as Pandan Reservoir dyke (built on top of 
marine clay), 66kV substation, GATX oil installation and 
several single storey factory buildings and blocks of residential 
flats, the entire alignment is extensively instrumented with 
surface settlement markers, ground inclinometers, piezometers 
and tiltmeters to monitor the ground response and performance 
of the microtunnelling works.  Figure 1 shows the site location 
plan with instrumentation. 

2 GEOLOGICAL CONDITION 

The geological profile of the site is also shown in Figure 1.  The 
geological formation of the area is mainly Kallang Formation 
which is underlain by Jurong Formation.  The ground consists 
of 4m thick fill material comprising of silty clay and sand.  This 
is underlain with 2m thick of soft peaty clay with decomposed 
vegetation and followed by 10m thick marine clay layer.  This 

layer of marine clay is wedged between the peaty clay on top 
and a layer of stiff clay at the bottom and extends about 2km 
into the land from the sea outfall.  Hard Shale is found at depth 
of about 23m from the ground.  The ground water table is high, 
which is about 1m below the ground level.  Two-thirds of the 
tunnel length runs entirely within the layer of marine clay that 
has shear strength of 4 to 17 kPa.  The remaining length of the 
tunnel runs mostly through silty clay with sand of shear strength 
of about 60 kPa.   

3 CONSTRUCTION METHODOLOGY 

In this project, a 3754mm diameter Earth Pressure Balance 
Shield (EPBS) was used to construct the 3000mm diameter (ID) 
pipeline.  The working shaft was located at chainage 1300m, as 
shown in Figure 1.  The tunnelling operation commenced 
southwards from the working shaft towards the sea near 
chainage 3000m (south drive).  Upon completion, the EPBS 
was taken out and transported back to the working shaft and 
relaunched northwards for excavation from chainage 1300 to 
0m (north drive).  Closed face shield is primarily selected due to 
its ability to maintain the earth pressure at the tunnel face with 
the pressurized soil in the chamber.  Figure 2 shows a typical 
cross section of the 3754mm diameter EPBS.   

In this shield, the soil excavated by the cutter head in front is 
temporarily confined in a chamber behind the cutter head.  The 
soil in the chamber is kept under a desired pressure so that the 
tunnel face is balanced by the pressurized soil in the chamber.  
Also, the pressure exerted prevents any free flow of soil into the 
chamber thus minimizing any over excavation.  The important 
component in this shield is the screw conveyor attached to the 
chamber which not only transports the earth to the discharge 
point but also enables the soil pressure in the chamber to be 
controlled.  The direction of tunnelling is usually monitored by  
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Figure 1.  Site Location Plan with Instrumentation and Geological Profile with Tunnel Alignment. (Balasubramaniam K. 1992) 

Figure 2. Earth Pressure Balance Shield (EPBS).    
(Balasubramaniam K. 1992) 

a laser beam and the shield is steered by controlling the thrust 
jack’s speed and stroke.  

4 INSTALLATION OF SEGMENTAL RINGS 

After the excavation was completed, 150mm thick and 1m wide 
precast reinforced concrete bolted segments were installed to 
form the 3350mm diameter primary lining of the tunnel.  The 
thickness of the skin plate of the shield was 52mm.  The annular 

void (52mm thick) left behind the primary lining as the shield 
moved forward was filled with pressure grout.  Also, on 
completion of the primary lining of the tunnel, a 175mm thick 
concrete secondary lining was cast in-situ to form the required 
3000mm diameter pipeline. 

The shield took about 20 minutes to excavate a one metre 
long tunnel in marine clay and the segment erector took nearly 
15 minutes to erect five segmental pieces and a key to form a 
segmental ring of 3350mm diameter.  The time required to 
complete one meter of primary lining was therefore about 35 
minutes.

5 INSTRUMENTATION AND MONITORING 

The monitoring of the construction of the 3km tunnel was 
carried out using instruments such as inclinometers, 
piezometers, tilt plates and settlement plates.  In addition, a 
periodic survey of grid points along the tunnel route was carried 
out throughout the construction period.  The ground response to 
tunnelling was monitored during the construction, primarily to 
obtain early warning signals of any abnormal ground 
movements in the vicinity of the tunnel excavation, as the 
tunnel route was very close to some important installations, in 
particular the Pandan Reservoir dyke, oil tanks and a 66kV 
substation.
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The grid system of settlement points of lines, parallel and 
perpendicular to and along the tunnel axis, as shown in Figure 1 
was used for monitoring the ground settlement.  The 
perpendicular lines are set at 10m interval along the tunnel axis 
and on each line there were 5 settlement points at 5m intervals 
with the centre point on the tunnel axis.  As the tunnel 
excavation proceed, all surface settlement points within the grid 
stretching 100m ahead and 200m behind the shield were 
surveyed daily.  Outside this area, a few selected points at not 
more than 50m intervals were surveyed once a week until there 
was no further settlement. 

Numerous inclinometers were also installed along the tunnel 
alignment (25 nos.) to monitor the induced ground horizontal 
displacement profile and its associated effects on sensitive 
structures such as the Pandan Reservoir dyke.  Inclinometers 
were installed within an offset of 4m to 32m from the tunnel 
centreline. 

6 APPLIED EARTH PRESSURE AND SETTLEMENT 

The applied earth pressure at the tunnel face as recorded by the 
pressure gauge in the shield’s soil chamber is shown in Figure 
3.  There was a slight upheaval initially near the working shaft 
when excavation commenced for the South drive.  This was due 
to excessive soil pressure applied to the tunnel face.  The correct 
balancing pressure that was necessary to keep the tunnel face in 
equilibrium was then established by trial and error process. A 
pressure in the region of 150 to 180kPa was maintained in the 
soil chamber when driving through marine clay.  The marine 
clay responded well to the excavation by the shield under the 
controlled earth pressure and rate of excavation. This resulted in 
relatively low ground settlement where marine clay was present. 

The applied earth pressure when the shield was driven 
through marine clay during the North drive was slightly higher 
than the pressure applied for the same clay during the South 
drive and this probably explains why the ground settlement was 
relatively low from chainage 900 to 1300m except for a stretch 
between chainage 1020 to 1150m where the ground settlement 
was high due to bends in the tunnel which were necessary to 
avoid cutting through some abandoned piles.  The applied 

pressure before chainage 900m had less significance on ground 
settlement as the balancing of soil at the tunnel face was 
relatively easier due to the excavated soil being stiff. 

7 MEASURED TRANSVERSE GROUND RESPONSE VS 
ANALYTICAL RESULTS 

At chainage 2830m, the measured immediate and final 
settlement trough is presented in Figure 4. The measured results 
are compared with analytical solution.  The analytical transverse 
settlement trough is well-described by the commonly accepted 
Gaussian distribution curve. The trough width parameter (K) is 
adjusted to fit the analytical curve with the measured results. 
Thereafter, the points of inflexion (i) and volume loss (VL) are 
derived from the analytical curve. The results are tabulated in 
Table 1.

Table 1: Derived tunnel parameters at chainage 2830m 
Stage  Soil Type at   Smax  K  i (m) Volume 
   Tunnel Face  (mm)     Loss (%) 
Immediate Marine Clay  45  0.30  3.0  3.3 
Final  Marine Clay  65  0.27  2.9  4.1 
Smax = maximum settlement on tunnel centre-line 
i = horizontal distance from the tunnel centre-line to the point of 
inflexion of the settlement trough. 

The magnitude of the K parameter for this project seems 
smaller in comparison with typical K parameter for tunnelling in 
soft clay which is about 0.5.  This could be attributed to the high 
face pressure on the marine clay during tunnelling. The pressure 
applied was more than the effective overburden pressure and up 
to as much as 2 times the overburden pressure.  he narrow 
trough for the marine clay region has also led to a smaller i
value.   

Comparing the immediate and final K parameter, there is a 
10% reduction. This is due to an increase of volume loss 
experienced and is about 25% higher.  The 25% increase in the 
volume loss is likely to be due to consolidation effect of the soft 
clay when subjected to higher face pressure during tunnelling. 

Figure 5 presents the ground settlement trough at the final 

Figure 3.  Measured Maximum Ground Settlement along Tunnel Axis.  (Balasubramaniam K. 1992) 
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stage across the tunnel axis at other chainages.  The results 
derived from the analytical method are tabulated in Table 2. 

Table 2: Derived tunnel parameters from instrumentation data 
Chainage Soil Type at   Smax  K  i (m) Volume 
   Tunnel Face  (mm)     Loss (%) 
CH1040  Marine Clay  40  0.25  2.6  2.4 
CH1900  Marine Clay  45  0.27  3.1  3.2 
CH2650  Marine Clay  95  0.22  2.5  5.3 
CH2830  Marine Clay  65  0.27  2.9  4.1 

The results for chainage 1040, 1900 and 2650m indicate that 
K parameter is about 0.22 to 0.27 for tunnelling in marine clay.  
The low value is similar to that at chainage 2830m probably 
attributed to the high face pressure on the marine clay during 
tunnelling.  The higher volume loss from chainage 2550m 
onwards is likely to be resulted from the proximity of Jurong 
Basin, the sharp bends in the tunnel and the type of soil 
excavated which was a mixture of marine clay and decomposed 
organic matter. 

8 MEASURED LATERAL GROUND RESPONSE VS 
ANALYTICAL RESULTS 

Figure 6 presents the horizontal displacement profile for 
inclinometer I-20 (chainage 1040m), located 4m (1.1 times of 
diameter) away from the tunnel centreline.  The measured 
profile generally indicates inward movement towards the 
tunnel.  The ground loss is 2.4%.  Maximum horizontal 
displacement is observed to occur closer to the tunnel invert 
which is not common as data from other projects (Phienwej, 
1997; Romo, 1997) generally indicate the maximum value to 
occur between the tunnel crown and springline level. 

The measured inclinometer profile was compared with an 
analytical method proposed by Loganathan and Poulos (1998) 
to predict ground movement caused by tunnel excavation.  The 
equation is presented below: 

X

    
                

(1)

where Ux = soil horizontal displacement, R = excavated radius, 
x = distance from tunnel centre-line, z0 = depth to tunnel axis, z
= depth below ground level, v = Poisson’s ratio and g = gap 
parameter (0.045m in this case).  The g parameter is derived 
from the volume loss from the settlement trough profile. 

Although the displacement profile obtained by the above 
analytical method in Figure 6 does not provide a good match to 
field results, the maximum magnitude is generally well 
estimated.  The disparity in profile results could be due to the 
different layers of soil present along the tunnel alignment as the 
above equation is best used to predict tunnelling associated 
ground displacements in a single homogeneous soil layer.  

9 CONCLUSION 

The excavation of the tunnel using EPBS was successfully 
completed without significant problem to the nearby structures 
and installations.  The trough width parameter K decreased by 
10% after the completion of the tunnelling operation.  This 
corresponds to an increase of volume loss by 25%.  The applied 
pressure has significant influence on the settlement trough and 
its ground deformation design parameters due to tunnelling.  
The maximum value for the measured horizontal displacement 
agrees well with that from the analytical solution but not the 
horizontal displacement profile, probably due to the 
heterogeneous nature of soil material along the profile.  
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Figure 4. Comparison of Measured Transverse Settlement Trough 
(Immediate and Final) with Analytical Solution. 

Figure 6.  Comparison of measured horizontal displacement profile 
with analytical solution at Chainage 1040m. 

Figure 5.  Comparison of Measured Transverse Settlement Trough 
with Analytical Solution at Chainages 1040, 1900 and 2650m. 
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