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Overview

1) Background
2) Implementation on OM – excavation
3) Implementation on OM – tunnelling



1. Background 



• Circular issued on 2nd Sep 2019 to construction industry in Singapore
• Framework consists of: 
• A) ERSS excavation; B) Groundwater control for deep shaft
• Conducted Seminar on Oct 2019 with 150 industry practitioners

Framework on Observation Method





2. Implementation on OM –
excavation projects



Adoption of OM in excavation projects
Time Saving 

(month) 
Cost Saving 
($, million)

Description of OM Implemented
Groundwater control (GWC), Excavation (ERSS)

Project Title

1.5 0.38GWC: Reduction in base slab thickness for 4 shaftsCase 1:  12m shaft, 55m deep

2 0.50GWC: Reduction of base slab thickness for deep shaftCase 2: 40m shaft, 55m deep

2 0.45ERSS: Reduce 1 layer strutCase 3 : 7.5 m exc. 

1 0.31GWC: Reduction of base slab thickness for 2 shaftsCase 4 : 16m shaft 65m deep

1 0.20GWC: Reduction of base slab thickness for 4 shaftsCase 5: 14m shaft 44m deep

2 3.2GWC: Optimising grouting requirements for 2 shaftsCase 6 : 60m shaft 80m deep

3.5 1.6GWC: Reduce thickness of temporary slab Case 7 : 19m shaft 39m deep

1.5 2.7GWC: Reduce thickness of temporary slab Case 8 : 33m shaft 32m deep

pendingpendingERSS: Reduce number of strutCase 9 : 20 m exc. 

14.59.34 millionTotal =



Case sharing of Basement Excavation with OM

 The Builder has successfully implemented OM for excavation work with 2 level of struts using most probable 
parameters, resulted in saving of one level of strut with cost saving of $450,000 and 2 month of project schedule!



Contractual implication

Design for OM  
 Contract type: Design and Build

 If OM implemented successfully :
Builder will enjoy the saving in term of money and time. 
D&B Designer is entitled to claim on additional professional fee on extra effort for OM 
approach (based on agreed hourly rate)

 If OM failed: 
Builder will implement design based on characteristic parameters and will not carry 
extra risk as it is the default solution
Builder will pay for additional I&M for OM and professional fee for the extra effort for 
OM approach.



Technical Paper



Performance of shafts adopted OM-Ground Water Control 

Re-grouting process Shaft X1 Excavation – (59m deep)

Site

 The Builder has successfully implemented OM for ground water control for the two shafts

 The Builder had avoided activating contingency plan to thicken the base slab and had saved an 
estimated of $310,000 and 1 month of project schedule!



Contractual implication

Design for OM  
 Contract type: Design and Build

 If OM implemented successfully :
Builder will enjoy the saving in term of money and time. 
D&B Designer is entitled to claim on additional professional fee on extra effort for OM 
approach (based on agreed hourly rate)

 If OM failed: 
Builder will implement design based on characteristic parameters and will not carry 
extra risk as it is the default solution
Builder will pay for additional I&M for OM and professional fee for the extra effort for 
OM approach.



3. Implementation on OM – tunnelling 
projects



Tunnel face pressure: Deemed-to-satisfy approach
- Onerous (Full) ground water pressure/ No seepage
- Limited ground movement

Face pressure > Hydrostatic Water Pressure
Variance +

Surcharge Ground level
Groundwater table

Water pressure
(Pw)

Earth pressure
(PE)

Surcharge 
(PS)

Face Pressure
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 Pilot trial since Q4 2024

 Performance based approach based on OM

 Face pressure is allowed to be lower than water pressure. Suitable for cases with competent ground 
such as OA(A)/(B), intact rock and ground improvement block with low permeability.

With lower face pressure, wearing of cutting tools is reduced and number of CHIs also reduced 
accordingly. Productivity of tunnelling work also increase.

 Lower face pressure - potential risks
• Over excavation due to seepage gradient
• Dewatering 
• Unforeseen ground condition

 Additional measures such as recharge well, piezometer are required to mitigate the risk

 Contingency plan: if the monitoring results cannot meet the expected performance, project parties 
are required to revert back to full face pressure with full hydrostatic water pressure

OM for face pressure for tunnelling works



Steps-by-step guide
When seepage is allowed into the tunnel, 3D numerical analysis is required to assess the seepage effect accurately. 
Note: German Tunnelling Committee (DAUB) recommends that 3D numerical modelling remains the only real way to predict the ground movement reliably in 
the drained condition, especially if seepage into the tunnel is present when the face pressure is applied below the hydrostatic pressure.

DetailsSteps

3D Numerical Analysis of Tunnel Face Stability
Carry out tunnelling analysis through fully coupled hydraulic-mechanical stress analysis using 3D geotechnical numerical model. 
The analysis shall include detailed steps covering the tunnelling activities such as ring by ring tunnel construction, CHI and TBM 
stoppage or unforeseen condition. The analysis shall also employ advanced soil models to capture realistic ground behaviour.

Note:-
1. “advanced soil models” refer to soil models which can model non-linear behaviour of soil and calibrated to local soil condition, for example 

the Hardening Soil model. 
2. The response of the ground to excavation under transient conditions is governed by the strong interaction between seepage flow and soil 

deformation. Hence, face collapse cannot be investigated by traditional limit equilibrium models, but only through fully coupled hydraulic-
mechanical stress analysis [R. Schuerch, R. Poggiati, P. Maspoli, G. Anagnostou, 2016]

3. 2-D analysis does not capture the 3-dimensional stress of the tunnel excavation. It is unclear whether the simplified approach is more or less 
conservative compared to the 3D model.

4. As step-by-step 3D tunnelling analysis is time consuming, where appropriate, a simplified “Pseudo 3D” may be adopted, where the steps of 
TBM advance is not modelled.

1.



DetailsSteps

Displacements vs. Time Graph
a) The determination of stand-up time requires an evaluation of the time-development of the displacements at control points. 

The QP(D)(Geo) is required to plot the evolution of the displacements at point A (center of tunnel face), point C (tip of deep 
settlement marker monitoring level, ~1.5m below ground level) and point E (tip of rod extensometer monitoring level, ~3 to 
6m above tunnel crown) over time from the 3D numerical analysis based on the proposed target and minimum face 
pressure.

b) QP(D)(Geo) is to determine the allowable standup time from the displacements vs. time graph. The allowable standup time 
should be maximum time for the ground behaviour to be within the elastic range and with a sufficiently high factor of safety 
(minimum FOS = 2) against the onset of instability.

c) For tunnelling undercrossing or in close proximity to the existing structures / buildings, in addition to point (b) above, the 
allowable standup time also subjected to impact assessment of adjacent existing structures/ buildings.   

d) The allowable standup time should consider the worst tunnelling rate (considering the time for tunnel ring building and 
worst TBM advancement rate considering maintenance of TBM and unforeseen condition).

e) If the allowable standup time is shorter than worst tunnelling rate, the designer should increase the target face pressure 
and repeat the steps 1 to 2(d). 

2.

Figure 2.1: Example of contour of the plastic zone at different time 
increments and displacement vectors (not scaled) 

Figure 2.2: Example of evolution of the displacements at control points A, 
C, and D 



DetailsSteps

Soil Permeability
Determine the characteristic values of permeability for OA soils based on field permeability test data.
For localized zone of high permeability in the ground which could lead to local failure of the tunnel face, the low value of 5% 
fractile (inferior parameters) is applicable. For details, please refer to “GEOSS Guide on Ground Investigation and Geotechnical 
Characteristic Values to EC7”. 
The designer shall carry out 3D numerical analysis considering both characteristic and 5% fractile permeability. 

3.

Cutter Head Intervention (CHI)
a) QP(D)(Geo) is to carry out face stability analysis for CHI following steps 1 to 2 by considering minimum face pressure 

determine by QP(D)(Geo) but not lower than 1.5bars or free air for CHI within ground improvement blocks or full-face rock. 
QP(D)(Geo) is to specify the allowable standup-time for each CHI on the “For approval” plans.

b) QP(D)(Geo) is required to obtain the water ingress rate during CHI from the 3D numerical analysis and specify the allowable 
water ingress rate on the “For approval” plans.

c) QP(D)(Geo) is required to specify the design strength of exposed tunnel face and QP(S)(Geo) or RE(Tunnel) to verify the 
strength with strength measurement such as pocket penetrometer on the “For approval” plans.

4.

Measures to mitigate additional risk associated with lower face pressure by allowing seepage into the tunnel.
When seepage is allowed into tunnel, the following measures shall be implemented to mitigate additional risk associated with 
lower face pressure:
a) Geophysical detection on potential void
b) Adequate recharge wells that are pre-installed for existing buildings / structures located within the tunnelling influence 

zone. These recharge wells shall be activated when AL of piezometer has been breached.
c) To provide piezometers at the border of the determined tunnel influence zone to verify there is no drawdown beyond this 

perimeter as assumed in the design.

5.



Minimise risk of tunnel incidentWhy Geophysical Survey?



Objective of this research is to derived a system that is reliable and 
cost effective in detecting underground voids during tunneling work, 
so that grouting up of such voids can be implemented timely

The system has been tested in to be in working condition, further field 
tests at actual tunnelling project has proven its reliability

Such system to be install in TBM for high-risk tunnelling works (close 
proximity to buildings), for early detection of underground voids and 
grouting up of such voids to minimised the risk of tunnelling works 

Use of Geophysical survey in detection of potential void during tunnelling works 



Underground Eyes under development with Nanyang Technological University, Singapore

• Underground Eyes uses seismic scattering as a
form of non-intrusive detection method

• Seismic scattering can achieve higher resolution
than seismic reflection – able to detect smaller
objects/cavities/voids than seismic scattering

• Seismic scattering able to detect
objects/cavities/voids at deeper depth than GPR

Seismic Scattering

Able to detect at deeper depth 
than GPR but shallower than SR

Resolution higher than SR but 
lower than GPR – good enough 
to detect 500mm diameter size 
of void as per field test

Limitations

Estimated $30k for setting up 
the system within TBM, can be 
used for multiple detections

Cost

Setting up will be done prior to 
tunneling works.

Processing time takes about 
5min for coarse detection

Time 



Anomalies

Fine Detection
(able to estimate seizes and location of anomalies, take longer time ~60 mins)

Coarse Detection
(able to detect anomalies fast ~5 mins)

Our solution: Underground Eyes (Ueyes) under development with NTU



Coarse Detection of Water Pipe at Farrer 
Road



Fine Detection of Cavities at Tengah



Adoption of OM in tunnelling projects
Time Saving 

(month) 
Cost Saving 
($, million)

Description of OM ImplementedProject Title

2 2.0Twin bored tunnel: Optimise tunnel face pressure subjected to 
field performanceProject 1:  6.9 m dia. Tunnel

8.7 13.8Large TBM: Optimise tunnel face pressure subjected to field 
performanceProject 2: 12.5 m dia. Tunnel

9.19.4Large TBM: Optimise tunnel face pressure subjected to field 
performanceProject 3 : 12.5 m dia. tunnel

pendingpending
Twin bored tunnel: Optimise tunnel face pressure subjected to 

field performanceProject 4 :  6.9 m dia. Tunnel

19.825.2 millionTotal =



Summary of adoption of OM in Singapore



1. OM Framework can be adopted 
in Singapore for excavation 
projects since 2 Sep 2019

2. Both normal design and OM 
design are approved by BCA prior 
to construction

4. OM Framework can be adopted 
in Singapore for bored tunnelling 
works since Q4 2024

5. Case studies demonstrated that 
OM design can be successfully 
implemented and resulted in 
substantial cost and time savings.

3. Builder and Developer 
awareness on the potential 
benefits of OM will provide 
crucial support for the 
implementation of OM design

6. Project parties should take 
advantage on this scheme to 
produce a safe and economic 
design



The End


