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Theme 2

Factors Influencing Slope
Stability in Laos

2.2 — Climate and Rainfall
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Laos Climate — main points

= Tropical monsoon climate, with a pronounced rainy season
from May through to October.

= A cool dry season from November through February, and a
hot dry season in March and April.

= Generally, monsoons occur at the same time across the
country, although that time may vary significantly from one
year to the next.

= Widespread, extreme rainfall often associated with
typhoons tracking inland from South China Sea or Gulf of
Thailand.
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Rain Gauge Records

= Many rain gauge stations have records for last 15 years and
longer.

= Records are sufficient for frequency analysis for rain
storms with return period of 1in 20 years.

= Suitable for small scale drainage design on slopes.

Limitations:

= Stations usually located in towns (for convenience) and
rainfall in mountains can vary significantly.

= Few continuous recording rain gauges exist.
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Rainfall Maps
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Presenter
Presentation Notes
The above slide shows two rainfall maps, which show good correspondence in the centre and south of the country, where there is generally high rainfall except across much of Savannakhet Province. 



For the north the agreement is less precise although both show higher rainfall in Phongsaly; the national map shows an area of higher rainfall in Bokeo, Luang Namtha and Oudomxai which does not feature in the Mekong regional map. 



The greater rainfall in the central and southern areas is related to cyclonic activity in the South China Sea, and the two main westward tracks of cyclonic storms across Vietnam. These have the effect of extending the wet season beyond the period of the south-west monsoon. 



Rainfall in the north is also affected by the wider effects of cyclones, but is more dominated by the monsoon. Since the monsoon air mass is affected by its passage from the Bay of Bengal over Thailand and Burma, it becomes somewhat erratic by the time it reaches Laos. 



The picture is generally supported by looking at the data supplied from two weather in Vang Vieng and Luang Prabang. The annual total is high at Vang Vieng, with a ten-year average of nearly 3900 mm, and a yearly range between 3150 and 4550 mm. It is much lower in Luang Prabang, where the same ten years showed an average of only 1430 mm, with a range between 1150 and 1800 mm. Monthly totals can vary considerably at both locations. 
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Slope Instability and Rainfall

= Monsoon storms characterised by initial high intensity rain
which falls away.

= Typhoons are characterised by lower intensity rain which is
sustained for much longer.

= Slope failures can occur as a result of a build up of
significant rainfall over a period of a few days or even a
week, or can be attributed to a single high intensity event.
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Presentation Notes
Slope instability can also be related to rainfall, both to the total rainfall (mm) over a period of one to several days, or the rainfall intensity (mm/h) which varies over the duration of the storm.



Monsoon thunderstorms are characterised by an initial high intensity which then falls away. 

Typhoons are characterised by lower intensity but sustained for much longer for the duration of the storm. 



Often failures occur as a result of a build up of significant rainfall over a period of a few days or even a week, and sometimes it is related to a single particularly intense event. 



It is more important to note at this stage that intense rainfall events that can trigger landslides. 
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Influence of Groundwater

Groundwater levels can rise after extended periods of rain
or after shorter, intense storm events.

Rising Groundwater can:

= Increase the weight (bulk density) of the soil and therefore
Increase the forces driving slope failure.

= Reduce the effective strength of the soil and therefore
decrease the forces resisting failure.
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Presenter
Presentation Notes
Trainer can read from the above slide with reference to Theme 1 which should have covered Mechanisms of Landsliding.
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‘Saturated’ and ‘Semi-Saturated’ Soils

Many Tropical
Residual Soils will
exist for much of the
year in a ‘Semi-
Saturated’ state i.e.
In the ‘Unsaturated
one’

Infiltration
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Presentation Notes
Many of the Tropical Soils in Laos will exist for much of the year in the ‘unsaturated zone’ above the groundwater table – particularly those soils on hillsides.



In this ‘semi-saturated’ state pore water will exists between the particles of soil as shown on the following slide:
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Pore Suction in Unsaturated Soil
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Presenter
Presentation Notes
As the slide above shows, surface water tension between the soil particles creates a capillary or pore suction which creates an attractive force between the particles.



This is particularly important to fine grained soils such as silt and clay which make up much of the Tropical Residual Soils in Laos. 



The effect of pore suction can be seen in many road side cuttings in Laos where very steep cuts have been made in fine grained residual soils. 



However, if the soil becomes fully saturated, as might occur during an intense rainfall event, the pore suction is lost and slope failures can occur.
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Positive Pore Water Pressure in Saturated Soil

Soil particles
forced apart
by pore
pressure
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Presentation Notes
The slide above shows a fully saturated soil where all the pore spaces are filled with water. 



In a fully saturated state not only has the pore suction disappeared but it is also replaced with positive pore water pressure which forces the soil particles apart.



This will reduce the effective stress (the amount of contact between the grains which provides the strength of the soil) and is often a major contributory factor or ‘trigger’ for landsliding or slope failure to occur. 
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Perched Groundwater

Perched
ground water



Presenter
Presentation Notes
So far we have considered the very simple case of a groundwater table (also sometimes called a piezometric surface) separating the unsaturated zone above from the saturated zone below.



In most environments however the situation is often more complex as water travelling downwards through the unsaturated zone can accumulate and build up over lower permeability horizons before reaching the regional groundwater table.



The effect of this is to create perched groundwater tables which are above the regional groundwater table.  The slide above shows how a perched water table has built up over lower permeability deposits on a hill slope. 



In Laos and other areas subject to tropical weathering, groundwater can build up over the rock head surface (possibly Grade III or better rock) which often has a lower permeability than the saprolite above. 



As the rock head surfaces are often oriented parallel with the slope face, the addition of water can cause the saprolite to slide off the more competent rock beneath. 
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Shallow
Landsliding,
Lantau Island
Hong Kong
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Presentation Notes
The photograph above shows numerous shallow landslips on Lantau Island, Hong Kong. 



The landslides occurred during an intense rainfall event and are characterised by the saprolite and residual soil sliding over the less weathered rock beneath. 



The accumulation of perched water at the boundary between the saprolite and less weathered rock is thought to have triggered the landslides. 
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