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Good morning, afternoon or good evening, dear audience!I am very honour to speak today and talk about how we control landslide risk in Hong Kong through a proper land use planning strategy.



The unique characteristics of Hong Kong’s environment

HILLY TERRAIN
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I am not sure if many of you have visited Hong Kong before, and if you are aware that Hong Kong is particularly vulnerable to landslide hazards.Firstly, Hong Kong is very tiny.  Our total land area is only about 1100 km2, and over 60% of our land is on hilly terrain, leaving very little flat land for development.  
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Yet, we have a very dense urban population, with more than 7 millions people, and it keeps growing.And our city continues to expand, our urban development continues to encroach the natural hillside, thereby increasing the consequence and risk of landslides.
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HEAVY RAINFALL Annual average 
2,400 mm
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Secondly, we have high seasonal rainfall, with an average annual rainfall of nearly 2,400 mm.These photos showing flooding caused by rainstorm during the wet summer season.



DEEP WEATHERING
> 170 M

Hidden Weakness

簡報者
簡報註解
Thirdly, Hong Kong also has a deep weathering geological profile.The soil layers can be more than 170 m thick in some areas.We also have some geological weakness hidden in the ground, e.g. kaolin seam.



Rapid Urbanisation - Lack of Geotechnical Standards and Control before 1977

Cut Slopes ≤ 50°Fill Slopes ≤ 35°
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Lastly, there has been rapid urbanization since the World War II.  The absence of good engineering standards and geotechnical control at that time made the situation worse.Empirical methods were adopted in slope design and construction.  For instance, soil cut slopes were constructed by rules of thumb, resulting in a relatively steep slope angle of over 50.Fill embankments were formed by simply end-tipping without proper compaction, resulting in loose fill slopes that are susceptible to earth liquefaction.These have all led to the formation of many sub-standard man-made slopes before 1977.



Post-failure

Pre-failure

1972.6.18
Sau Mau Ping

Fill Slope Failure
6,000 m3

71 fatalities 

HISTORY OF 
TRAGIC 
LANDSLIDES

簡報者
簡報註解
In fact, Hong Kong has a history of tragic landslides.The animation now showing is the Sau Mau Ping landslide that occurred on 18 June 1972 which took 71 lives.A fill slope collapsed under heavy rain and 6,000 m3 of debris buried a temporary housing area at the slope toe.



1972.6.18
Po Shan Road

20,000 m3

67 fatalities
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Yet on the same day, another landslide originating from Po Shan Road brought down a 12-storey building completely and killed another 67 people.
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These photos were taken after the tragic landslides.  The women lost all her sons in the disaster.There was a call for the Government to set up a geotechnical control body to safeguard the public from such tragic incidents.The Geotechnical Engineering Office (GEO) was subsequently set up in 1977, as a government body specially tasked to tackle the landslide problem holistically.



Distribution of Man-made Slopes in Slope Information System

Total no. of sizeable man-
made slopes : 60,000
Government slopes : 40,000
Private slopes : 20,000
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But before we could do anything, we have to know the size of the problem.Hence, we started to identify all man-made slopes in the territory and set up a computerised Slope Information System to contain information of these slopes.There are currently about 60,000 sizable man-made slopes in the system, among which, about 40,000 are government slopes, whereas the remaining 20,000 slopes are private.As you can see, each of the red dots here represents a slope. 



Setting geotechnical standards and practice
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Another essential first task for GEO was to set up and promulgate proper geotechnical standards by conducting a lot of geotechnical research.This led to the publicaton of many geotechnial guidance documents, providing the industry with practical references on various geotechnical aspects including slope design.  



Containing Risk by Geotechnical Control
Private developments
 Statutory power
Public works
 Administrative instrument
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First, we have incorporated the engineering standards into the legal framework such that geotechnical control of private developments can be enacted through the Buildings Ordinance, Laws of Hong Kong.  We conduct technical audits on the design and supervision of construction of all new slopes to ensure that they are up to the current safety standards, and will not contribute to further increase in the overall landslide risk. As for public works, administrative measures have been put into place to allow the implementation of a similar checking system for all new projects.



Planning and Land Disposal Stage

Study and mitigation of hazards required
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We provide input in the early planning stage to identify geotechnical constraints on land developments.For instance, for sites very close to steep hillsides where the proposed development may be threatened by landslide risk, we may advise in principle objection to the development or make alternative proposal.For sites which may also been affected by landslide hazard, but to a lesser extent, we will impose conditions to require the developer to conduct detailed risk assessment.Special geotechnical conditions may be imposed in lease documents during land disposal, requiring the land owner to take care of the slopes affecting their land.
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Reducing Risk Imposed on Existing Developments
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Second, in order to reduce the risk imposed on existing developments, a systematic retrofitting works programme was initiated since 1977 to stabilise the existing government man-made slopes.  A risk-based ranking system is established to select the most deserving man-made slopes for retrofitting works.  



Enhancing aesthetics of 
upgraded slopes
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In addition to enhancing the stability of slopes, GEO has endeavoured to make them look as natural as possible and to blend in with the environments.  



Community Advisory Service
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Thirdly, in order to reduce the consequence of landslides, we provide community advisory services and organise public education campaign to teach the public how to protect themselves from landslide risks.



Before

After

Reducing risk by clearing squatters
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We also implement a programme to clear squatter dwellings in landslide vulnerable areas and re-house the occupants.  The disturbed hillside can then be restored to its natural conditions.Through this approach, the landslide risk to the squatters can be completely eliminated, and the squatter landslide casualty has decreased drastically from the past to the present.
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Landslide risk reduced to less than 25% of 1977 level

簡報者
簡報註解
By implementing all these strategies, the overall landslide risk in Hong Kong has already been reduced to only 25% of that in 1977, commensurate with the highest international standard in slope safety.Furthermore, it has now been 14 years since 2008 without a single landslide fatality. This proves the effectiveness of our slope safety system in reducing landslide risks in Hong Kong, through the proper land use planning and geotechnical control.This will end my talk here.  Thank you for your attention.


	投影片編號 1
	投影片編號 2
	投影片編號 3
	Heavy rainfall � 
	�Deep Weathering�> 170 m�
	投影片編號 6
	投影片編號 7
	投影片編號 8
	投影片編號 9
	投影片編號 10
	投影片編號 11
	投影片編號 13
	投影片編號 14
	投影片編號 15
	投影片編號 16
	投影片編號 17
	投影片編號 18
	投影片編號 19

