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Lessons learned in ELS design and construction:

Implementation of GEO Publication No. 1/2023 

Water tightness and Strut preloading

20 Dec 2024

Ir Dr Gavin Seng-Huat TOH
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GEO Publication No. 1/2023
- First published: January 2024

- Updated version of GCO 
Publication No.1/90

- A standard of good practice for 
excavation and lateral support 
(ELS) design
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From GCO Pub No.1/90 to GEO Pub No. 1/2023
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GEO 
Publication 
No. 1/2023

GEO 
Publication 
No. 1/2023

GCO 
Publication  

No. 1/90

GCO 
Publication  

No. 1/90

Feedbacks 
from 

Professionals

Feedbacks 
from 

Professionals

Industry 
Experience

Industry 
Experience

Advanced 
Technology
Advanced 

Technology

GCO Publication No.1/90

- Published in March 1990

GEO Publication No.1/2023

- Published in January 2024
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Agenda
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(A) 5A Monitoring Scheme

1. Ground Settlement Limits

2. Service Monitoring Limits

3. Building Tilting Monitoring Limits

General Comparison of 3A approach & 5A approach 

(B) Ground Water Level Design 
Assumptions and Monitoring

1. DGWL for Ultimate Limit State (ULS)

2. DHGWL for Serviceability Limit State (SLS)

3. DLGWL for Serviceability Limit State (SLS)

4. Ground water monitoring scheme

Sharing of 
Lessons Learnt

(C) Preloading of struts

(D) Risk of Excessive Water ingress
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(A) 5A Monitoring Scheme
1. Ground settlement monitoring

2. Service monitoring

3. Building tilting monitoring
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- 5A Approach

- Alert – Alarm – Action level 1 – Action level 2 – Action level 3

- Each Action Level had a set of well-defined responses

- Action level depended on maximum excavation depth (He)

6

- 3A Approach 

- Alert – Alarm – Action

- Action level usually 25mm
 for all types of works
 not related to the depth of excavation

- Typical value usually adopted in projects

GEO Pub. No. 1/2023
P. 117

1. Ground Settlement Limits

(A) 5A Monitoring Scheme

ActionAlarmAlert

25mm18mm12mmGround settlement

(75% of action limit)(50% of action limit)

(Prior to 29-Nov-2024)
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(A) 5A Monitoring Scheme
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60mm

0.5%He subject 
to max. 100mm

0.3%He subject 
to max. 60mm

Action Level 3

Action Level 2

1. Ground Settlement Limits in Project 1

8

(A) 5A Monitoring Scheme

Suggested in GEO pub. 
No.1/2023

Suggested in PNAP APP-137Ground 
settlement

10mm12mm
(50% of action limit)

Alert Level

15mm18mm
(75% of action limit)

Alarm Level

20mm25mmAction Level 1

0.3% He*
= 0.3% x 13.925 

= 41mm

Action Level 2

0.5% He*
= 0.5% x 13.925

= 69mm

Action Level 3

Ground level = +4.8mPD

FEL= -9.125mPD
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- 5A Approach

- Alert – Alarm – Action level 1 – Action level 2 – Action level 3

- serviceability of underground services 

e.g. water mains / cooling mains / gas mains / sewage pipes / 
cable ducts

- No recommended limits for utility settlement

9

- 3A Approach 

- Alert – Alarm – Action

- Typical value usually adopted in projects

GEO Pub. No. 1/2023
P. 117

(A) 5A Monitoring Scheme

2. Service Monitoring Limits

ActionAlarmAlert

25mm18mm12mmServices settlement

(75% of action limit)(50% of action limit)

1:3001:4501:600Services angular 
distortion

(Prior to 29-Nov-2024)
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10

(A) 5A Monitoring Scheme

Suggested in GEO pub. 
No.1/2023

Suggested in PNAP 
APP-137

Service 
angular 

distortion

1:6001:600Alert Level

1:5001:450Alarm Level

1:4001:300Action Level 1

1:350Action Level 2

Action Level 3
1:300

2. Service Monitoring Limits
Reference from WSD:
“…differential settlement affecting water mains
made of different materials should be controlled
within a range of 1:400 to 1:200……”
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- 5A Approach

- Alert – Alarm – Action level 1 – Action level 2 – Action level 3

- relevant stakeholders should be consulted at an early stage

11

- 3A Approach 

- Alert – Alarm – Action

- Typical value usually adopted in projects

GEO Pub. No. 1/2023
P. 117

(A) 5A Monitoring Scheme

3. Building Tilting Monitoring Limits

ActionAlarmAlert

1:5001:7501:1000Building tilting

(Prior to 29-Nov-2024)
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(A) 5A Monitoring Scheme

Suggested in GEO pub. 
No.1/2023

Suggested in PNAP 
APP-137

(Prior 29-Nov-24)

Service angular 
distortion

1:10001:1000Alert Level

1:7501:750Alarm Level

1:6001:500Action Level 1

1:550Action Level 2

1:500Action Level 3

3. Building tilting monitoring limits in Project 1
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(A) 5A Monitoring Scheme

3A approach and 5A approach in ground settlement

Alert

Alarm

Action 
level 1

Action 
level 2

Action 
level 3

1. Registered Contractor (RC)
- submit written report to RSE/RGE
- prepare action plan 

 additional checkpoints
 monitoring frequency

2. RSE/RGE
- assess effect of ground movement
- agree with the action plan proposed by RC

1. Registered Contractor (RC)
- notify the RSE/RGE
- inspect and record the conditions of affected sensitive 
receivers
- prepare action plan 
- implement necessary measures

2. RSE/RGE
- agree with the action plan proposed by RC

12mm 10mm

(Prior to 29-Nov-2024)
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(A) 5A Monitoring Scheme

Alert

Alarm

Action 
level 1

Action 
level 2

Action 
level 3

1. Registered Contractor (RC)
- notify AP/ RSE/ RGE
- inspect and record the conditions
- propose remedial measures
- implement remedial measures
- carry out preparation works for reaching Action level 1

2. RSE/RGE
- agree with the emergency plan by RC
- agree with the remedial measures by RC

1. Registered Contractor (RC)
- submit report  RSE/ RGE/ BD
- prepare emergency plan
- implement remedial measure
- suspend necessary works

2. RSE/RGE
- agree with the emergency plan by RC
- review method statement

3.     RC/RSE/RGE
- attend joint site inspection if needed
- review response action

12mm 10mm

18mm 15mm

3A approach and 5A approach in ground settlement

(Prior to 29-Nov-2024)
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(A) 5A Monitoring Scheme

Alert

Alarm

Action 
level 1

Action 
level 2

Action 
level 3

1. Registered Contractor (RC)
- all works that cause ground movements are ceased 
- notify BD and relevant parties immediately 
- implement the agreed emergency plan
- submit incident report to RSE/ RGE

2. RSE/RGE
-review the incident
- agree the further remedial measures

3. RC/RSE/RGE
- attend joint site inspection immediately

1. Registered Contractor (RC)
- notify AP/ RSE/ RGE and stakeholders
- inspect and record the conditions
- proposed remedial measure
- implement remedial measures
- carry out preparation works for reaching Action level 2
includes:
 actions by RC before trigger action lv.2
 detailed investigation works implemented for action lv.2
 remedial works implemented for action lv.2
 works to be suspended for action lv.2

2. RSE/RGE
- agree with the emergency plan by RC
- agree with the remedial measures by RC

3.     RC/RSE/RGE and other relevant stakeholders
- attend joint site inspection immediately

12mm 10mm

18mm 15mm

25mm 20mm

3A approach and 5A approach in ground settlement

(Prior to 29-Nov-2024)
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(A) 5A Monitoring Scheme

Alert

Alarm

Action 
level 1

Action 
level 2

Action 
level 3

3A approach and 5A approach in ground settlement

12mm 10mm

18mm 15mm

25mm 20mm

0.3%He subject 
to max. of 60mm

1. Registered Contractor (RC)
- notify the AP/ RSE/ RGE/ BD/ GEO/ relevant stakeholder
- conduct detailed investigation
- submit investigation report to AP/ RSE/ RGE/ BD/ GEO
- implement remedial measures with agreement of 
AP/RSE/ RGE / BD/ GEO and other stakeholders

- prepare the emergency plan
include:
 actions by RC before trigger action lv.3
 full-scale investigation works implemented for action lv.3
 remedial works/ strengthening works implemented for 
action lv.3
 works to be suspended for action lv.3

2. RSE/RGE
- designer review and revise the design and method 
statement
- designer submit the amendment to BD/ GEO for 
approval

(Prior to 29-Nov-2024)
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(A) 5A Monitoring Scheme

Alert

Alarm

Action 
level 1

Action 
level 2

Action 
level 3

1. Registered Contractor (RC)
- suspend relevant works
- notify AP/ RSE/ RGE/ BD/ GEO
- conduct full scale investigation
- prepare investigation report
- submit investigation report
- propose/ implement remedial/ strengthening works with 
agreement of AP/RSE/RGE/BD/GEO
- prepare works resumption plan
include:
 conduct survey after remedial/ strengthening works
 revised design and method statement approved by 
BD/GEO
 trigger values for further response
 detailed of further response actions

2. RSE/RGE
- re-examine and revise the design and method statement

3. BD/ GEO/ RC
- attend joint site inspection

12mm 10mm

18mm 15mm

25mm 20mm

3A approach and 5A approach in ground settlement

(Prior to 29-Nov-2024)
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0.3%He subject 
to max. of 60mm

0.5%He subject to 
max. of 100mm

18

5A Table for the Monitoring Works in Approved Submission
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(A) 5A Monitoring Scheme
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(B) Ground Water Level 
Design Assumptions and 
Monitoring

1. DGWL for ULS

2. DHGWL for SLS

3. DLGWL for SLS

4. GWL monitoring

19
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Design Ground Water Level assumption in ULS/ SLS

20

(B) Ground Water Level Design Assumptions and Monitoring

GEO Pub. No. 1/2023
P. 72

Design Ground Water 
Level

Design Ground Water 
Level

DGWL for ULSDGWL for ULS

DGWL for SLSDGWL for SLS

DGWL for 
Ultimate Limit 
State (ULS)

DHGWL for 
Serviceability 
Limit State 

(SLS)

DLGWL for 
Serviceability 
Limit State 

(SLS)
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For all structural checking (include wall capacity. Strut size 
and capacity)Why?

• Highest GWL anticipate during ELS worksWhat?

• Based on site-specific field measurement of GWL
• Consider topography/ hydrogeological conditions 

(e.g., perched water table)
How?

• For GWL higher than FEL
ULS Level = Measured highest GWL + 1 to 2m

Suggestion 
in GEO 

no.1/2023

GEO Pub. No. 1/2023
P. 72

(B) Ground Water Level Design Assumptions and Monitoring

1. DGWL for Ultimate Limit State (ULS)
DGWL for 

ULS

DHGWL for 
SLS

DLGWL for 
SLS
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(B) Ground Water Level Design Assumptions and Monitoring

1. DGWL for Ultimate Limit State (ULS) in Project 1

noteslevelDGWL in ULS design

+1.87mPDHighest measured groundwater level (HMGWL)

- Adopted in 1st amendment in 
Aug 2023 (3A scheme)

+3.66mPD Extreme sea level from Port Work Design Manual
For Return Period = 50 years

- Adopted in 6th amendment in 
Oct 2024 (5A scheme)

ULS Level
= HMGWL + (1 to 2m)
= +2.87mPD to +3.87mPD
(Thus, +3.66mPD is adopted)

GEO Publication No.1/2023

DGWL for 
ULS

DHGWL for 
SLS

DLGWL for 
SLS
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For ground settlement and pile wall deflection 
due to excavation works assessment at high
water level

Why?

Realistic estimation of highest GWL under 
normal scenarios during ELS worksWhat?

• Based on site-specific field measurement of 
GWLHow?GEO Pub. No. 1/2023

P. 72

(B) Ground Water Level Design Assumptions and Monitoring

2. DHGWL for Serviceability Limit State (SLS)
DGWL for 

ULS

DHGWL for 
SLS

DLGWL for 
SLS

G
av

in
 T

oh
 S

en
g-

H
ua

t 
fo

r A
G

S(
H

K)
 E

ve
ni

ng
 T

ec
hn

ic
al

 S
em

in
ar

 o
n 

20
-D

ec
-2

02
4)

24

(B) Ground Water Level Design Assumptions and Monitoring

2. DHGWL for Serviceability Limit State (SLS) in Project 1

NotesGWLDGWL in SLS design

+1.87mPDHighest measured groundwater level

- Adopted in 1st amendment in Aug 2023+3.03mPDExtreme sea level from Port Work Design Manual
For Return Period = 5 years

- Adopted in 6th amendment in Oct 2024
- Supported by over 1 year ground water monitoring 

record

+1.90mPDGEO Publication No.1/2023

In adopting the DHGWL for SLS models
Not be overly conservative
- Especially for the excavations with preloading works
- The reaction of preload = combined action of soil and water of retained side of excavation
- If designed preloading force larger than required

 Overstress the retained side
 Unfavorable to the pile wall (deflection and capacity)

[from GEO Pub. No. 1/2023]

DGWL for 
ULS

DHGWL for 
SLS

DLGWL for 
SLS
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For acceptable ground settlement caused by GWL 
drawdown outside the excavation assessmentWhy?

• Lowest recorded GWLWhat?

• Based on site-specific field measurement of 
GWLHow?

GEO Pub. No. 1/2023
P. 72

(B) Ground Water Level Design Assumptions and Monitoring

3. DLGWL for Serviceability Limit State (SLS)
DGWL for 

ULS

DHGWL for 
SLS

DLGWL for 
SLS
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(B) Ground Water Level Design Assumptions and Monitoring

3. DLGWL for Serviceability Limit State (SLS) in Project 1

Example of adopting DLGWL for SLS

1

Lowest measured groundwater level on-site
= +0.94mPD

Design low groundwater level for SLS 
[ DLGWL for SLS]
= +0.94mPD 

1

DGWL for 
ULS

DHGWL for 
SLS

DLGWL for 
SLS
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(B) Ground Water Level Design Assumptions and Monitoring

4. Ground water monitoring scheme

Standpipe water 
drawdown

3A limit

0.3mAlert level

0.5mAlarm level

1mAction level

Trigger level for ULS
 0.5m below the DGWL for ULS

Trigger level for SLS
 0.5m above the lowest allowable GWL for SLS
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(B) Ground Water Level Design Assumptions and Monitoring

4. Ground water monitoring scheme

GWL exceeding Trigger 
Levels

Sudden ingress of 
excessive groundwater

Suspend the work

Implement agreed 
response actions

Change in GWL caused 
ground settlement

Implement agreed 
response actions

No other impacts Implement agreed 
response actions

GWL exceeding Action Level Suspend the work
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29GEO Pub. No. 1/2023
P. 72

(B) Ground Water Level Design Assumptions and Monitoring

4. Ground water monitoring scheme in Project 1
Example adopting upper trigger level, lower trigger level and the lowest allowable GWL for SLS

Design ground water level for ULS = +3.66mPD

Tupper

= DGWL for ULS – 0.5m
= +3.66 – 0.5
= +3.16mPD

Tupper
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30GEO Pub. No. 1/2023
P. 72

(B) Ground Water Level Design Assumptions and Monitoring

4. Ground water monitoring scheme in Project 1

Design ground water level for ULS = +3.66mPD

Tupper

= DGWL for ULS – 0.5m
= +3.66 – 0.5
= +3.16mPD

Tupper Tlower

Lowest measured ground water level = +0.94mPD

Design low ground water level for SLS = +0.94mPD

Allowable water drawdown that superimposed in our design = 1.5m

Lowest allowable GWL for SLS = +0.94 – 1.5= -0.56mPD

Tlower

= lowest allowable GWL for SLS + 0.5 
= -0.56 + 0.5 = -0.06mPD

Example adopting upper trigger level, lower trigger level and the lowest allowable GWL for SLS
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GEO Pub. No. 1/2023

P. 72

(B) Ground Water Level Design Assumptions and Monitoring

4. Ground water monitoring scheme in Project 1

+3.66

+1.90

+0.94

-0.56

+3.16

-0.06

For design

For monitoring
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(B) Design Ground Water Level (DGWL) Assumptions

Trigger Levels for Standpipe Ground Water Monitoring in Approved Submission
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(B) Design Ground Water Level (DGWL) Assumptions

Trigger Levels for Piezometer Monitoring Works in Approved Submission
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(B) Ground Water Level Design Assumptions and Monitoring

Current situation in Project 1
In our latest submission using GEO Publication No.1/2023, 
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(C) Preloading of Struts

35
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Safe preloading sequence

Some key considerations:
• Struts are often designed to be 

preloaded to control deformation.
• Strut arrangement could be – cross 

horizontal, corner, or raking struts.
• Preloading of different strut arrangement 

of strut is critical to ensure safe transfer 
of load.

• In area of unbalanced load, preloading 
magnitude need to be considered in the 
ELS design.

• To remove the strut, the loading in the 
strut must be released in a safely 
manner.

What would be a practical and 
safe sequence of pre-loading 

one layer of the shoring?
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Safe preloading sequence at each layer

Pre-loading Sequence – watch out when pre-loading 
corners struts

Safe preloading sequence
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Preloading sequence at each layer

Preloading in pairs of 
strut

Safe preloading sequence
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Preloading sequence for raking struts

Safe preloading sequence
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Unbalanced loading

Safe preloading sequence
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Safe release of forces in strut

Safe preloading sequence
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(C) Sharing of Lessons Learnt

Safe preloading sequence

Preloading detailing – Use of shims plates
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(C) Sharing of Lessons Learnt

Graph of Strut Force (S3) against Time

Safe preloading sequence

Preloading detailing – Use of shims plates
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(C) Sharing of Lessons Learnt

Safe preloading sequence

Preloading detailing – Use of splicing plates
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(C) Sharing of Lessons Learnt

Graph of Strut Force (S3) against Time

Safe preloading sequence

Preloading detailing – Use of splicing plates
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(C) Sharing of Lessons Learnt

Inclinometer for ELS – S3

Excavated below S3 500mm
(Plaxis)

Excavated below S3 500mm
(Measured)

Pre-loaded S3 (Plaxis)

Pre-loaded S3 (Measured)

Excavated below S4 500mm
(Plaxis)

Excavated below S4 500mm
(Measured)

Pre-loaded S4 (Plaxis)

Pre-loaded S4 (Measured)

Inclinometer for ELS – S4

Pre-loading push back 

Pre-loading push back 

Safe preloading sequence

Preloading detailing – Use of splicing plates

Measured vs Predicted Wall Deflection
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(D) Risk Excessive Water 
Ingress

47
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Risk of excessive water ingress

Some key considerations:
• Water cut-off wall type such as sheet 

pile, clutched pipe pile, or diaphragm 
wall.

• Conventional pipe pile wall is unclutched 
with grout curtain and lagging plate.

• Grout curtain design mix and control 
pressure – carry out trial on site. Review 
any abnormality in grout intake volume.

• Frequent inspection for any unforeseen 
excavated material that may damage the 
grout curtain.

• Install lagging plate early – don’t leave 
the grouted soil exposed overnight.

• Utilities “windows” – prone to water 
ingress with conventional TAM grouting.
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Water ingress remedial work: sand bagging, needle grouting, pressing steel plate in advance

Sand bagging

Needle grouting

Pressing Steel Plate in advance
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Risk of excessive water ingress

Large utility windows, use jet-grout columns
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Risk of excessive water ingress
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(D) Sharing of Lessons Learnt

Soft Marine Clay

Unclutched Pipe Pile Wall

Final Exc. Level

Illustration Purpose Only

Risk of excessive water ingress

Localised lenses of soft marine clay
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Thank You
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