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4Excavation – Risks1
Risks of deep excavation works

Risks:
• Instability of retaining system
• Excessive wall deflection due to 

excavation
• Excessive ground settlement due 

to lowering of groundwaterSafety of worksite and impact to 
adjacent buildings
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5Excavation – Causes of failures1

Basal heave failure at strutted 
excavation for tunnel construction

Inadequate seepage cut-off at ERSS wall 
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6Excavation- Causes of failures1

Excessive pile movement caused by unstable internal slope within excavation in soft clay 

Damaged to RC piles, spun piles and bored piles were reported for these sites
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7Excavation - Causes of failures1
A sink hole behind a utility gap where 
the RC laggings were not constructed 
at each localised stage of excavation 
and left unsupported
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8Excavation - Causes of failures1

Sinkhole caused by sheet pile gaps

Fatal incident involving a man fallen 
into sinkhole in sandy ground
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9Excavation - Causes of failures1

A localised collapse of diaphragm wall 
during trenching which trigger an 
incident of crane collapsed

Uncontrolled removal of pipe pile 
ERSS wall caused excessive ground 
settlement
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10Excavation - Causes of failures1

Example of crane incident affecting ERSS support where the first layer strutting was dislodged due to 
accidental impact loads
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11Excavation – Damage to adjacent buildings1

Lowering of groundwater level 
in soft soil cause excessive 
ground settlement

For site with difficult ground condition:
• Impermeable wall 

(e.g. Diaphragm wall (D-wall), secant pile wall 
or sheetpile wall)

• Adequate wall embedment for seepage 
cut-off

• Recharge well 

Water flow

Impermeable wall 
Recharge 
wells

1

2

3

Water
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12Excavation – Case 1 (CBP wall)1

4-storey condominium with 2 levels of basement carpark 900/1100mm diameter CBP
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13Excavation – Case 1 (CBP wall)1

The deflected CBP wall The CBP wall deflected away 
from single storey carpark.
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14Excavation – Case 1 (CBP wall)1

Views of carpark columns with large diagonal shear cracks
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15Excavation – Case 1 (CBP wall)1

Backfilling operation in progress

New CBP wall constructed
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16Excavation – Case 2 (Sheet pile wall)1

Basement 2 layout

Soil borehole layout of 
the site
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17Excavation – Case 2 (Sheet pile wall)1

Boreholes soil profile
at the site

Thick soft clay layer

Privileged/Confidential information may be contained in this presentation.  Please do not circulate or reproduce without the permission of BCA.



18Excavation – Case 2 (Sheet pile wall)1

Excavation level at the 
time of collapse

Layout plan of the ERSS 
for the excavation site
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19Excavation – Case 2 (Sheet pile wall)1

After the collapse, overall view of the site
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20Excavation – Case 2 (Sheet pile wall)1

After the collapse, road in front of site and adjacent existing substation
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21Excavation – Case 2 (Sheet pile wall)1

After the collapse, road in 
front of site and adjacent 
existing substation
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22Excavation – Case 2 (Sheet pile wall)1

Backfilling operation in progress

Privileged/Confidential information may be contained in this presentation.  Please do not circulate or reproduce without the permission of BCA.



23Excavation – Case 2 (Sheet pile wall)1
Backfilling 
operation in 
progress
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24Excavation – Case 2 (Sheetpile wall)1

Deformed shape of the 
temporary sheet pile wall 
system

Spacing of struts
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25Tunnelling - Hazards2
Potential Hazards – Tunnelling Projects
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26Tunnelling – Damage to nearby building2
Building damage due to nearby tunnelling

Sinkhole at 4m away from the existing pile foundation of the house
Building suddenly settled by 28mm
Building damaged with large cracks
Residents decanted immediately after the incident
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27Tunnelling - Settlement2
Ground surface settlement
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28Tunnelling – Volume of excavation2

Ground settlement trough

Over-
excavation

Excavation management system

Privileged/Confidential information may be contained in this presentation.  Please do not circulate or reproduce without the permission of BCA.

Graphics from external sources



29Tunnelling – Common issues2

Mixed face conditions Materials of very 
different strength and 
stiffness on same face
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30Tunnelling – Issues with mixed-face2
High wear and 
damage to cutters 
due to impact
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31Tunnelling – Issues with mixed face2

Face stability Water ingress
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32Tunnelling – Case 3 – Chinese cemetery2

Location of sinkhole
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33Tunnelling – Case 3 – Chinese cemetery2

Mixed face zones (GIV/GIII) over 40 rings were encountered during 
actual tunnelling

ROCK
SOIL
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34Tunnelling – Case 3 – Chinese cemetery2
Excessive over-excavation 
at R240 and R241.

BCA circular on bored tunnelling works

BCA circular on large diameter TBM
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35Tunnelling – Case 3 – Chinese cemetery2

Boulders/rock debris stuck 
at cutterhead

Install additional plates to 
minimize risks of jamming
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36Tunnelling – Case 3 – Chinese cemetery2

Appropriate sizing of crusher grid
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37Tunnelling – Case 3 – Chinese cemetery2

Rock crusher – protection plates and 
anti-jamming plates
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38Tunnelling – Case 4 – Bukit Timah Formation2
Sinkhole of:
12m (length) 
5m (width) 
3m (depth) 
occurred on 
May 2008 

Privileged/Confidential information may be contained in this presentation.  Please do not circulate or reproduce without the permission of BCA.



39Tunnelling – Case 4 – Bukit Timah Formation2

Location of sinkhole with geological formations
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40Tunnelling – Case 4 – Bukit Timah Formation2

Equipment

Faulty equipment The electronic muck control (EMC) system used to track the excavated soil/rock
volume and compare it with the forward movement of the tunnel boring
machine (TBM) for both inner and outer bound TBMs were not properly
calibration.

The EMC was hence unable to provide accurate estimation of the excavation
and over excavation volumes. It was also observed that the bentonite density
for the outflow pipe carrying the excavated material was typically lighter than
that for the corresponding inflow pipe, indicating a faulty density meter.

Faulty density meter

Poor estimate of excavation volume
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41Tunnelling – Case 4 – Bukit Timah Formation2

Human

Inexperienced Personnel The professional engineer and key tunnel manager lacked experience in this
form of tunnelling. Their decisions were highly dependent on third party
advice from outside their firm. In addition, key tunnelling personnel of the
tunnel team were not on duty during night shift tunnelling works.

Lack experience

Night shift – not on duty
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42Tunnelling – Case 4 – Bukit Timah Formation2

Face pressure

Face pressure not in
accordance with
SOP

Tunnelling works carried out for rings 1512 to 1515 were not in
accordance to the TBM Instruction Sheet. The affected rings were in
transition of full-face rock (rings 1512 and 1513) to mixed face (rings
1514 and 1515).

The input face pressures (ranged from 1.2 to 1.8 bar) were much lower
than the specified pressures (ranged from 2.3 to 2.4 bar). Also, some of
the KPI were not controlled within the allowable ranges.

For example, at ring 1517 the stipulated face pressure was 2.3 bar while
the actual face pressure varied from 1.9 to 3 bar, way beyond the
acceptable variation of 0.1 bar from the stipulated value. Large variation
of bentonite level was observed during tunnelling for rings 1519 to 1523
(rings located directly beneath the sinkhole) which the project parties
attributed to a faulty bentonite level sensor.

Lower than required/large variations
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43Tunnelling – Case 4 – Bukit Timah Formation2

Face stability

Face instability Daily TBM Excavation Meeting minutes on May 2008 recorded that the
TBM face appeared to be loosened and unstable despite using
compressed air for ring 1516. Additional 6 cutter head interventions
were carried out within a short period of one week under mixed face
condition without implementation of additional
precautionary/preventive measures.

The cutter head intervention for ring 1515 was initially carried out
under free air condition (instead of compressed air) and could have
adversely affect the face stability. In addition, there were no records of
temporary supports installed to support the unstable face. Frequent
and prolong cutter head intervention under unstable mixed face could
have resulted in the observed over excavation.

CHI carried out under free air (no compressed air)
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44Tunnelling – Case 4 – Bukit Timah Formation2

Over excavation

Over-excavation Large volume of over excavation was observed (estimated from relative
dry weight of the excavated material) for five of the tunnel rings - rings
1525, 1522, 1521, 1518, 1515 (with excavated material dry weight
ranged from 1.5 to 3 times that of for a normal ring). Daily TBM
Excavation Meeting minutes also recorded an estimated over
excavation of 35m3, 40m3, 40m3 for rings 1525, 1521, 1515, respectively.

The design assumed a 1.5% volume loss (approximately 0.74m3 per
ring). The observed volume loss of completed tunnel was typically less
than 1%. The estimated gross volume loss at the location of incident
was estimated to range between 80% to 200% (based on relative dry
weight).

Large over-excavation volume
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45Tunnelling – Case 4 – Bukit Timah Formation2
No surface
grouting of over-
excavated void

Although over excavation was reported for ring 1515 and ring 1521 on
May 2008, the project parties decided to carry on with TBM operation
and to grout the voids later, after the TBM has passed through the over-
excavated portion. They were concerned that the TBM might be
“grouted up” when the grouting was targeted at voids near to TBM
shield and cutterhead locations. However, as the TBM was operating in
mixed face condition, the TBM could only be advanced slowly. The over-
excavated voids eventually collapsed, causing sinkhole formed at the
ground surface.

Tunnelling works were carried out not in accordance to the Method
Statement for TBM Excavation Management in Mixed Face Ground. The
method statement required that surface drilling and grouting to be
carried out if more than 10%/15% of over-excavation was observed.
However, despite observations of large volume of over-excavation for
rings 1515, 1518, 1521, 1522, 1525, as early as 10 days prior to the
sinkhole, tunnelling works continued without grouting.

No grouting

Concerns on 
TBM being 
“grouted 
up”
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46Summary - Excavation3
BCA circular Advisory Note 1/09

Privileged/Confidential information may be contained in this presentation.  Please do not circulate or reproduce without the permission of BCA.



47Summary - Tunnelling3

BCA circular on bored tunnelling works

BCA circular on large diameter TBM
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