Greater Bay Area
* Hong Kong & Macau

e Guangzhou, Shenzhen, Zhuhai, Foshan, Zhongshan, Dongguan,

Zhaoqging, Jiangmen & Huizhou (9 cities in Guangdong Province)
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Rainfall

e Annual rainfall: 1600 - 2000 mm

* Rainy season: April — September

account for approximately 80%o of the annual rainfall

(Overview of Guangdong-Hong Kong-Macao Greater Bay Area, 2017)
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Annual rainfall in Shenzhen from 1981 to 2010

(Meteorological Bureau of Shenzhen Municipality, average annual rainfall: 1966 mm)



Disasters in GBA In recent years
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2017 02 Jlangmen Tunnel collapse 2018.02 Foshan Pavement subsidence  2015.12 Shenzhen Landslide
1 dead 11 dead, 8 injured & 1 lost 73 dead,4 lost & financial loss of

over 0.88 billion RMB
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2016 01 Guangzhou 2016 07 Zhaoqlng Torrentlal flood 2017. 08 Greater Bay Area Typhoon
Differential settlement 8 get trapped 24 dead & financial loss of 6.82

billion USD



Ground risk

“Several studies have been published over the last 30
years or so that clearly demonstrate that, in civil
engineering projects, the largest element of financial and
technical risk usually lies in the ground”

(National Research Council 1984; The Institution of Civil Engineers (ICE), 1991; Whyte 1995)



Ground risk

“Cost overruns of up to £516 million were revealed by,
the UK Department of the Environment, Transport and the
Regions (DETR), in the seven largest road projects
executed, due to unforeseen ground conditions,
accounting for a 63% increase above budgeted funds. ”

(DETR, 2014)



Ground risk

In financial terms, minor design changes can add 5% to
the cost of construction, and additional cost as high as
30% to 50% are not uncommon.

If unforeseen ground conditions are encountered during
construction, then additional costs as high as 100% of the
entire project may be incurred.

(Scott, D. 2012. Director of GroundSolve Ltd.
https://www.geolsoc.org.uk/~/media/shared/documents/specialist%20and%20regional%20groups/south
ernwales/2%20Risk%20Management%2026th%200c¢t%202012%20Debbie%20Scott.pdf?la=en)






Typical Geotechnical Profile in GBA

o Karst: 2658 km? (2.6 times HK area)
(potential for ground subsidence, high: 415 km?; moderate: 702 km?)

e Soft clay: 11,187 km? (11 times HK area)

over 10 m depth: 2846.3 km?; Estuary area in Guangzhou, Zhongshan,
Dongguan, Zhuhai and Jiangmen

over 30 m depth: 325.8 km?; Estuary area in Zhuhai, Zhongshan,
Jiangmen and Guangzhou

(Chinese Territory Resource, www.gtzyb.com/dizhikuangchan/20170801 106478.shtml)



Potential disasters in GBA

o Landslides and debris flows: North and West of province
» Subsidence due to Karst and mining (area 15 times HK)

» Ground settlement (soft clay - consolidation) due to underground water

pumping

(https://wenku.baidu.com/view/6931cd5b6bd97f192279e97¢.html)



JTARE U R E ) R EREANGG <

B ORI, AR S PR X TR, AR A EEB N
e i FE AL E PEHLX

Wi ERbE: 0 N SRS VE B X ERBE AN LR S X e, 2 K IXTH
115314 km?

BT RS YT N s R R /K 51 R %, ¥ A AR R
KT IET0ZNEmitbBE%E (38E i R i #1100 km?)
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“The ground is the place where things are most likely to
go wrong during a construction project, and the worse the
ground, the greater the risk”

(The Institution of Civil Engineers (ICE), 1991)



Unexpected Ground Conditions

“ The amount spent on investigating the ground prior to
construction is typically 1% to 5% of the whole project
value.”

“ The costs of claims and additional expenses due to
unexpected ground conditions can be as high as 50% of
the total cost overrun on the project.”

(Hencher 2017, University of Leeds;
https://www.hencherassociates.com/app/download/5810023017/web+201

7+Unexpected+Ground+Conditions+and+How-to+Avoid+Them-+4.pdf)



“The ground is the place where things are most likely to
go wrong during a construction project, and the worse the
ground, the greater the risk”

(The Institution of Civil Engineers (ICE), 1991)



“Several studies have been published over the last 30
years or so that clearly demonstrate that, in civil
engineering projects, the largest element of financial and
technical risk usually lies in the ground”

(National Research Council 1984; The Institution of Civil Engineers (ICE), 1991; Whyte 1995)



“50% of the examined 8000 commercial buildings in UK
suffered delays due to unforeseen ground difficulties ”

(National Economic Development Office in the UK (NEDO) 1988)

“90% of risk to projects originates from unforeseen
ground conditions which could often have been avoided
by adequate and full site investigation”

(Alhalby and Whyte 1994)



“Cost overruns of up to £516 million were revealed by,
the UK Department of the Environment, Transport and the
Regions (DETR), in the seven largest road projects
executed, due to unforeseen ground conditions,
accounting for a 63% increase above budgeted funds. ”

(DETR, 2014)



“The Hallandsas Tunnel Project, Sweden, designed for the
construction of two 8.6 km long railway tunnels at an
Initial budgeted cost of £440 million in 1992, escalated to
£840 million in 2008, due to unforeseen ground and water
conditions”

(Creedy, 2006)

“The £900m cost overrun reported in the Big Dig, United
States Boston Artery project, were technical issues due to
unforeseen ground conditions”

(Creedy, 2006)



Importance of ground investigation

Statistics from Britain demonstrate the importance of

adequate ground investigation:
o 30% of construction projects delayed by ground problems
« Unforeseen ground conditions cause most piling claims
* 50% of over-tender costs are due to inadequate ground
Investigation

(Waltham, T. 2009. Foundations of Engineering
Geology, Third edition, CRC Press)

Chapman and Marcetteau (2004) showed that in the UK, about a third
of construction projects are significantly delayed and of those, half of
the delays are caused by problems in the ground. Applying this ratio
to the whole European Union, it would suggest that an annual average
cost of 50 billion euro are due to ground-related causes.



Ground risk

There are many different types of hazard in the ground,
and the consequences of failing to manage the risks they
produce are often severe.

In financial terms, minor design changes can add 5% to
the cost of construction, and additional cost as high as
30% to 50% are not uncommon.

If unforeseen ground conditions are encountered during
construction, then additional costs as high as 100% of the
entire project may be incurred.

(Scott, D. 2012. Director of GroundSolve Ltd.

https://www.geolsoc.org.uk/~/media/shared/documents/specialist%20and%20regional%20groups/south
ernwales/2%20Risk%20Management%2026th%200c¢t%202012%20Debbie%20Scott.pdf?la=en)



Ground risk

Extract from Managing Geotechnical Risk: Improving Productivity in UK
Building and Construction, Clayton CRI, 2001

“Less than 1% of the total construction tender price is typically spent on site
Investigation, and the data shows that cost over runs of up to 100% are then
possible, even when high level of skills are used.”
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Construction risk in Hong Kong

Risk ranking based on an empirical questionnaire survey geared towards clients,
contractors and consultants in Hong Kong (Chan et al. 2009).

Rank

Risk factor

Change in scope of work

Insufficient design completion during tender invitation
Unforeseeable design development risk

Errors and omission in tender document

Exchange rate variations

Unforeseeable ground conditions

Actual quantities of work

Contracting parties lack of experience

Low productivity of labour and equipment

Unforeseen ground conditions was discerned as a key physical risk factor. Shen
(1997) also found that unexpected ground conditions constitute a key risk factor
leading to project delay in Hong Kong.
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