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This presentation gives an outline of the scope of work carried out under SEACAP 21.


What do we mean by low cost?

=Optimum use of low-skilled labour
sMaximum use of locally available materials
sLogical approach to design

sUse of local road maintenance contractors

This will be illustrated by the work carried out under the
SEACAP 21 project in Laos
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= SEACAP 21 was part of the South East Asia Community
Access Programme (SEACAP) funded by the UK’s
Department for International Development (DFID). The
project commenced in 2006 and was completed in 2009

= The Client was MPWT

= The project was carried out by Scott Wilson in association
with LCG and SD & XP
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So what is SEACAP 21

Well, it is one of the many regional SEACAP projects funded by DFID

Our client is the Road Administration Division of MPWT

The project has been undertaken by Scott Wilson Malaysia in association with the Lao Consulting Group.


= SEACAP 21/001. Slope stabilisation trials on Road 13N and
Road 7

= SEACAP 21/002. Feasibility study for a national programme
to manage slope stability

= SEACAP 21/003. Mainstreaming slope stability management
Into National University of Laos and MPWT

= SEACAP 21/004. Training programme in landslide
management
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What is the project trying to achieve?



Firstly, to use best-practice appropriate methods using local materials and technologies. In other words the project is not looking at sophisticated and expensive techniques such as sheet pile retaining walls, anchoring etc, but using well-tried and tested local materials such as gabion and masonry.

Secondly, to derive a better understanding of the causes of failure and how to prevent or reduce future occurrences. It includes the use of bio-engineering techniques.


SEACAP 21

What was the project trying to achieve?
The objectives were:

= To use best-practice appropriate slope stabilisation
methods using local materials and technologies

= To extend the present technologies to cover specific
landslips

= To assistin the procurement and supervision of slope
stabilisation trials

= To disseminate the results by means of workshops,
manuals, specifications and training
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What is the project trying to achieve?



Firstly, to use best-practice appropriate methods using local materials and technologies. In other words the project is not looking at sophisticated and expensive techniques such as sheet pile retaining walls, anchoring etc, but using well-tried and tested local materials such as gabion and masonry.

Secondly, to derive a better understanding of the causes of failure and how to prevent or reduce future occurrences. It includes the use of bio-engineering techniques.


Laos is about 90% the size
of New Zealand

Located between Thailand
and Vietnam

Population 6.3 million
75% hilly or mountainous
50% forested

Project area about 250km
north of Vientiane

Mountainous terrain from
450m to 1450m elevation

Annual rainfall in excess of
2000mm
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Where is the project located?



Its centre is roughly 250km north of Vientiane on Road 13 North, the main road between Vientiane and Luang Prabang, and the connecting Road 7, which heads off eastwards to Phonsavan and the Vietnam border. 


Typical below-road
failure




Typical above-road failure
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Typical through-road failure




13 stabilisation sites eventually chosen comprising a mix of
failure types.

Phase 1

sThose sites requiring mainly bio-engineering measures to
prevent further instability. This comprised 3 sites, the work
carried out just prior to and during the onset of the 2007 wet
season.

Phase 2

sThose sites requiring mainly geotechnical measures to
prevent further instability. This comprised 10 sites, the work
carried out mainly during the 2007/08 dry season.
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Using a system of ranking, 13 landslide sites were eventually chosen and subdivided into two phases:



Phase 1, comprising 3 sites that could be mainly remediated using bio-engineering techniques, the work carried out at the beginning of the 2007 wet season.



Phase 2, comprising 10 sites requiring mainly geotechnical engineering techniques, the work carried out during the 2007/08 dry season 


SEACAP 21 PROGRAMME
Task 06 2007 2008
Planning & Inception —
Design & Documents —
Approvals & Bid . —
Construction .-
*

Manuals & Training
= Phase 1 e Phase 2
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This shows our project programme for the two year period October 2006 to September 2008, with Phase 1 activities shown in red and Phase 2 activities shown in green.

The two main elements of the programme are: 

Firstly the phase 1 bio-engineering construction period carried out in the period June to August 2007, to coincide with the commencement of the wet season for plant growth

Secondly the phase 2 geotechnical construction period carried out between November 2007  to July 2008 to coincide with the dry season, with additional bio-engineering work taking place immediately afterwards.

We are now working on the production of technical manuals.  These include a Slope Maintenance Manual, a Slope Maintenance Site Handbook and Slope Maintenance Technical Specifications.




ROAD 1

Km 316.6:
EXISTING
FAILURE,
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Here we have a typical phase 1 site at Km 316.6 on Route 13N, comprising a shallow erosional failure above the road. The slip debris has been cleared off the road and dumped on top of the fill slope below. 
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The initial landscape appraisal is given on this slide.


12 Tree planting
ROAD 13N, around head
Trimming of | i
PROPOSED hed scar '

TREATMENT s

Dense planting with
diagonal lines of grass

# = Remove |

_ loose
S — | debris
Compacted = Ay
backfill
planted with ¢
brush layers

Re-instated side drain
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The proposed treatment is shown on this slide, combining planting with some hard engineering at the base of the slope.  


Phase 1 Construction
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Some typical phase 1 construction methods are illustrated here;



In the top left you can see the completed masonry slope drainage prior to planting.



In the top right we see two techniques for stabilising a fill slope below the road – the slope has been trimmed back to an angle of about 35 degrees and brush layers have been installed in the upper part of the slope where the man is standing, in the lower part truncheon cuttings of local tree species have been inserted to a depth of about 1 metre. In both cases the plants will root and reinforce the surface of the soil.



In the bottom left the labourers are planting root and stem cuttings in diagonal lines. Over a period of about three years these will develop into large clumps of grass with deep fibrous roots.



In the bottom right we can see how exposed some of these activities are above the road.
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This shows the same slope last week
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Km242.6 Road 13N before
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After
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Km 254.0 Road 13N before
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After


Earthworks and Structures
- Construction Issues

= Safety

= Spoil disposal

= Wall foundations
= Masonry walls

= Gabion walls

= Backfill

= Others
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So what about construction?

We have not mentioned safety before, but it needs serious consideration

Here we illustrate two aspects of safety – traffic and the construction workforce.

In many countries, what you see here would not be allowed. The traffic barriers would have to be able to prevent traffic from falling into the excavation, and the workers on the slope would have to wear safety harnesses. We did make some efforts on safety and we had no accidents. But perhaps we were lucky.


Removal of spoil
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You have dug your excavation for the wall – where are you going to dump all the excavated material?

Well we all know what normally happens. It gets dumped onto the hillside below and frequently creates further instability.

In SEACAP 21, the contractor was paid to remove the excavated material by truck to a predetermined safe location nearby – often a flat stable area adjacent to the road. The contractor was happy to do this – he was paid for his trouble.


Failure plane DCP testing
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For retaining wall excavation one important factor to be considered is to be sure that any existing or future potential slip failure plane will not pass below the proposed wall foundation level. In the picture on the left, the failure plane daylights above the excavation and the future wall should function safely.

Another factor is to be sure that the foundation will be strong enough to support the wall. Sometimes this can be done visually, sometimes not. The picture on the right shows dynamic cone penetrometer testing in progress to get an idea how strong the soil is at the proposed wall founding level.
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Presenter
Presentation Notes
With mortared masonry it is important to ensure that the mortar is of the specified consistency and strength and that all the voids between the stones are filled with mortar.

In the picture on the left it will be seen that there are no voids in the base of the retaining wall and that the mortar is of a reasonable consistency.

However, in the picture on the right, when we get nearer the top of the wall it is apparent that the mortar is being applied far too dry and too sparingly with the result that the masonry will contain voids and the mortar will be of doubtful strength.  




Presenter
Presentation Notes
In gabion retaining wall construction we need to limit the flexibility of the gabions – otherwise the wall may bulge and become unstable.



In the top left – rounded stone will allow too much flexibility and should not be used in walls unless dressed.

In the top right – although angular stone has been used, there are too many voids and too much variation in stone sizes.

In the bottom left – we have a good looking wall using suitably sized angular stone

In the bottom right – we have top quality dressed stone with very few voids. 


Backfill density testing

a—

Compaction using pedestrian roller
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Compaction of backfill behind a retaining wall is very important, particularly if the road is going to be reconstructed on top of it.

The picture on the left shows a sand replacement density test being carried out to ensure the correct level of compaction is being achieved. You may just see a vibrating plate compactor in the background.

In the picture on the right, easier access has allowed the contractor to use a pedestrian roller. 
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Access track construction
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And finally two other construction considerations. The left hand picture shows the location of a proposed retaining wall and the excavated access track leading to it. However, in constructing the track we have created another area of potential instability. So think about access location very carefully before you commence.

The right hand picture shows the construction of a gabion retaining wall above the road that has been partially covered by a further landslide. If you are constructing a wall in the wet season, then it is safer to excavate and build the wall in short sections to reduce the likelihood of creating further instability. 






Incomplete walling




Retaining wall - front elevation

Estimated dimensions in 7
contract drawings _ 47

Original ground level

Shape as constructed

#



Slope Maintenance Site Handbook

Slope Maintenance Manual
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In this session I would like to discuss some of the issues around the maintenance of slopes beside roads.  



As we follow the MPWT’s definitions of maintenance, you will find that this is quite broad.  As well as looking at simple routine activities, we cover a number of other much larger matters, such as wall construction as part of improvement works.
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Presenter
Presentation Notes
One of our outputs from this project is a Handbook for use by technicians on site.  



It is intended to provide simple and practical guidance to help the DPWTs to interpret the Maintenance Activity Codes into actions that ensure the road network is safeguarded.



Most of the rest of this session follows the structure of the Handbook to show how we view the subject and aim to help the MPWT develop its capacity in this respect.


Slope Maintenance Site Handbook

= Written for site staff. technicians, supervisors etc

= English and Lao language

= Absize, 70 pages, illustrated mainly with photographs
= Structured around the MPWT's MACs

= Definition of Maintenance for Slopes

= Routine Maintenance of Slopes

= Emergency Maintenance of Slopes

= Rehabilitation and Improvement
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The Site Handbook is in an advanced draft stage.  The MPWT is currently reviewing the technical content and the Lao translation.  This shows the general attributes of the publication.


Routine Site
Inspection
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1.2 Routine Site inspections
Why is it necessary to carry out routine site inspections?

There are comparatively few occasions when a large-scale failure of a slope or wall
occurs without some early warning. In most cases (except for minor slips), there are
usually warning signs.

What should I look out for?

Check the reasons why the drainage system is damaged or cracked. Do the cracks in
the roadside drain extend across the road? Is the damage being caused by differential
movements? Are the roadside drains being blocked regularly in a particular location? Is
the slope above/below moving?

Cracking in
roadside drain
and road surface
caused by large
scale slope
movements

Cracking in the
shoulder caused
by fill slope
movements
below the road

Check the retaining walls and slopes above and below the road on foot. Are they in
good condition? Are movements taking place? Are there any worrying signs of undue
erosion or ravelling occurring?

What if the situation looks serious?

Report it to your supervising engineer. As best as you can, fill in a Landslide or Wall
Report (see Section 5).

il 8 2o 70 Scott Wilson
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2.2 Erosion

What should be done if erosion is occurring?

Erosion taking place below the road is usually due to a concentrated flow of water from
the road finding its way onto an erodible slope or gully. This often happens when the
roadside drains have been blocked, or where the surface water is able to run down the
lower side of the road. In these cases the blockage should be cleared, or a temporary
earth bund constructed on the edge of the road to prevent the water from running down
the slope. The problem also often occurs at the lower end of road supporting retaining
walls. Eventually, the temporary earth bund should be replaced with a concrete
upstand or kerb, to make sure that the water flow is redirected to a suitable location
where it will not cause further erosion.

Severe shoulder
erosion at the
end of a
retaining wall
caused by road
surface run-off.

Erosion also commonly takes place in streams and gullies above and particularly below
the road. In this case it might be necessary to construct a check dam or non-erodible
lining, for example out of gabion or mortared masonry.

If the erosion is occurring above the road, then the source of the water needs to be
determined. If it is the result of human activity, for example rice irrigation, housing etc,
then the appropriate village authorities should be notified. If it is the result of natural
causes, then bio-engineering techniques may solve the problem (see Section 4.4).

2.5 Vegetation management

Why is it necessary to manage vegetation?

The roadside slopes are mainly covered in vegetation. This helps to control erosion on
soil slopes. However, the plants grow rapidly and need to be controlled regularly to
stop them from extending out into the road. They become dangerous to traffic when
they hide pedestrians, cause vehicles to be driven in the middle of the road or reduce
drivers’ sight lines

How should vegetation be controlled?

Plants should be cut back several times a year, according to need. Smaller plants can
be cut with a machete. Plants must never be pulled or dug out by roots, and must
never be burnt.

Where should the material that has been cut be placed?

Ensure that the cut plant material is placed in locations where it won’t be washed into
the drainage system during heavy rain; for example on a flat area on the opposite side
of the road. The removed material should be left in tidy piles but not burnt.

Vegetation is being cut
on the lower cut slope
to improve drivers’
sight lines. Once the
cutting is finished, the
material will be
removed from the
drain and piled on the
other side of the road.

What else needs to be done?

Ask the labourers to look out for any damage or cracks in the ground and point these
out to you. This may be an indication of instability, especially on the lower side of the
road. Any such damage or cracks will need to be repaired under Rehabilitation or
Emergency Maintenance. Make sure that the labourers do not light fires to burn
vegetation, especially at the end of the day.

ot 14 299 70 Scott Wilson
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3.3 Temporary drainage measures
Why are temporary drainage measures required?

If the failure is located below the road, immediate steps should be taken to prevent
water from the road surface or drainage system from entering the crest of the failure
and creating further instability. It may be necessary to dig catchpit bypass channels to
prevent roadside drainage water from entering a culvert. The upstream roadside drain
may need to be blocked and water directed across the road away from the failure by an
earth bund to a more suitable temporary discharge point.

If the failure is located above the road with debris blocking the roadside drain, then
immediate measures should be taken to prevent the water from crossing the road and
discharging at random down the valley slope.

Emergency
Maintenance

A temporary

drain dug in
debris that has

fallen from
above the road.

Emergency work
following the
collapse of a
culvert on a

national highway.

o 26 829 70 Scott Wilson
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4.2 Construction of new walls Wi|5°n

What are the main types of walls?

There are three main types of wall constructed in Laos: masonry, gabion and reinforced
concrete. Masonry walls can be composite or fully mortared.

Rehabilitation and
Improvement

Gabion wall Reinforced concrete wall

Retaining walls may be constructed below or above the road. They retain the ground
behind them. Revetments may also be constructed above the road.

From the road, Revetments and Retaining
Walls can both look the same. The
difference is that Revetments are very thin
(usually only 300mm thick) and only prevent
erosion and shallow sliding from occurring at
the base of the slope. They are not very

strong, and they do not act as retaining Revetment Wall Retaining Wall
structures.
o 32 229 70 Scott Wilson
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What are the advantages and disadvantages of the main types of walls? Gabion walls. Remember that gabion walls are permeable to water. Any water
permeating through the gabions down to foundation level must be allowed to escape
Type Advantages Disadvantages easily. This means that any surplus spoil placed in front of the wall during excavation
Composite Fairly cheap. No flexibility. must be removed to prevent ponding.
masonry Dry stone panels very permeable | Not as strong as full mortared masonry.
Martared Very durable. Expensive.
masonry No flexibility — should always be constructed

on good foundations.
Limited permeability, weep holes should

always be provided. Water seeping

Gabion Flexible — good where founding May be too flexible for road supporting th!'ougb these
conditions are variable. retaining walls. gablot_ws is unable
Very permeable Usually requires geotextile on back face to to drain away due

to the uncleared
debris dumped in
front of the wall.

reduce fines seeping through wall.
Cheaper than cemented masonry | Foundation may be softened by water
percolating through wall.

Less durable than mortared masonry.
Difficult to construct if foundation uneven,
although this can be overcome by using a
mortared masonry layer at the base.

More difficult to construct in curves in plan.

22:;?;: ‘ \c’;ﬁﬂiﬁgf fgood qualty “anirei?l:ﬁg,sfz:op:;zl‘Ways be constructed Foundation level. Most small scale wall foundation levels can be determined by visual
on good foundations. inspection. The use of a Dynamic Cone Penetrometer (DCP) may help in determining
No permeability, weep holes should always a suitable foundation level and further information on this device is given in the Slope
be provided Maintenance Manual.

From considerations of cost, durability, appearance and strength, cemented masonry
walls are generally recommended except where foundation conditions are soft or
expected to move over time. In those cases, gabion walls are recommended.

The DCP comprises an
8 kg hammer falling a
distance of 575 mm on
to a rod to which a 20-
mm diameter hardened
steel cone is attached.
The number of blows to
drive the cone a
measured distance into
the ground gives an
indication of its strength.

What wall shape should be used?

The Slope Maintenance Manual discusses a number of wall shapes and their
advantages and disadvantages. For simplicity, two basic wall shapes are
recommended — one for mortared masonry walls and the other for gabion walls.

Mortared Masonry wall Gabion wall

i 34 299 70 Scott Wilson il 38 &7 70 Scott Wilson
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Bio-engineering

What is bio-engineering? Bio-engineering is the use of plants to undertake light

engineering tasks. Certain types of plants can be used to control erosion and shallow
landslides. Often it is used in association with small-scale structures.

When should bio-engineering technigques be used?

Bio-engineering technigues should normally be used to control erosion or stabilise or
prevent shallow slope movements where the depth to the sliding surface is up to 0.5 m
and to protect slopes against erosion. If the depth to the sliding surface is greater than
0.5 m, then bio-engineering techniques should only be carried out in conjunction with
other slope stabilisation techniques described in section 4.3.

What are the best bio-engineering techniques?

The table below summarises the best available techniques.

negogiemafinuensBudy
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Location

Technique

Advantages

Disadvantages

Cut slope in soil

Road edge or
shoulder in soil

Grass planting in lines,
using rooted slips.

Rapid and complete
surface cover.

Requires a soil slope
without too many
stones.

Slow to establish on
hard cut slopes.

Cut slope in mixed soil
and rock

Direct seeding of
shrubs and trees in
crevices.

The best way to
establish vegetation
on rocky slopes.

Slow to provide a
coverage good enough
to resist erosion.

Fill slopes and backfill
above walls

Brush layers using
woody cuttings from
trees or shrubs.

Instant physical barrier
that interrupts runoff.
Stronger than grass.
Often successful on
stony debris.

Can only be installed
on slopes of 1V:1.25H
or less, on
unconsolidated
materials.

Large and less stable
fill slopes

Truncheon cuttings
(big woody cuttings
from trees).

Relatively strong plant
material on slopes that
are still unstable;
withstands damage
from moving debris.

Takes a long time to
establish a complete
COVEr.

Needs a lot of planting
material.

Grass slips are small sections of a grass
plant, made by splitting up a large clump.
The stems are cut down to a height of 100 to
200 mm and the roots cut back to 40 to 80
mm. There should be 2 or 3 stems per slip.

Truncheon cuttings are made from the branches of large trees.

What are the materials for these techniques?

N r

Woody cuttings are taken from the
branches of certain types of small trees.
They are cut to be between 450 and 600
mm long, and the diameter should be
between 20 and 40 mm in diameter.
Shoots and leaves are trimmed off. For
live check dams, cuttings are needed that
are 2 metres in length.

They should be

about 2 metres in length and 50 to 80 mm in diameter.

It is very important that plant materials for bio-engineering are kept cool and damp
when they are being moved and prepared.

Which species of plants should be used?

The table below lists the plants that have been shown to be successful for bio-

engineering work in Laos.

Gullies or seasonal
stream channels

Live check dams using
woody cuttings of

Low cost, flexible
structures to reduce

Not as strong as check
dams of gabion or

trees. erosion where water masonry.
flow is concentrated. Require careful
supervision.

Species for grass slips

Other bare areas

Tree planting using
potted seedlings from
a nursery.

Allows a long term
forest mix of trees to
be restored.

Takes a long time to
establish a complete
COVEr.

Seedlings are
vulnerable to grazing
for a few years.

Nyar khaem, dok khaem
(broom grass)

Nyar kha

Nyar phaek

Nyar khaem lao (2 different
species)

Nyar phaek, fek hom (vetiver)

Species for woody cuttings Species for direct seeding
Mak koh (chestnut) Khileckdong

Korbai leuam(chestnut) Koun

Posa (paper mulberry) Khathin

Mak nhiao (“diesel nut”) Tiou dam

Peuak meuak, toutiang Pohou

Khee nok, khee hen, ngen Hookatai

(simali) Phak nao

Mai mook Som poi

Thorng Phak thon

Almost any type of tree can be brought from a nursery as a potted seedling.

mnif 46 229 70
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How is grass planting done?

Grass slips are planted in lines
across the slope. The best results
usually come from lines that are at
45° to the maximum slope. Start
from the top and work downwards.

Mark out the lines on the slope and
then plant the grass slips to the
original depth and gently firm the
soil back around them.

How is brush layering done?

How are truncheon cuttings planted?

Use a crowbar to make a vertical hole that
is about 20 mm wider than the cutting and
at least 1 metre deep. Place the cutting in
the hole and gently fill around it with loose
soil.  Truncheon cuttings are usually
planted 1 metre apart on deep debris
slopes.

Truncheon cuttings after
one season of growth.

Mark out horizontal lines every 2
metres down the slope. Start from the
bottom and work upwards. Dig shallow
trenches along the lines, 350 to 450
mm wide.

Lay the cuttings across the trenches
with the bottom inwards and 80 to 100
mm of the top protruding from the
slope. The cuttings should be 50 mm
apart. Place a small amount of soil
over the cuttings and then lay another
line of cuttings. Replace all the soil and
firm it down gently.

Finishing works
What finishing works are necessary?

Check all construction and bio-engineering details. Make sure that they have been
completed as instructed. If necessary, instruct repairs. i

Finally, the site should be inspected during or immediately after a period of heavy rain
to see if the run-off is going where it is intended and without any erosion, and if not, to
carry out any additional works to ensure that it does.

auii 50 299 70

Scott Wilson
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Before and after treatment

Road 13 North, km 3186.

A revetment wall and various
types of bio-engineering
works were used to protect
the slope.
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EXAMPLE OF A COMPLETED LANDSLIDE REPORT FORM

LANDSLIDE REPORT

LANDSLIDE REPORT

Location (road and km): : Location (road and km):  NATIoNAL ReAb 7, kM 6.1
Date of report: | Reporters name; Date of report: 11 0¢T. 2006 [ Reporter's name: A, FALANG
Situation Material Blockage Failure Siiation Matsrial Blockage Failure
Above road Rock Whole road Whole road Aboveroad | Rock Whole road Whale road
Below road Debris Part of road Part of road Below road v Debris Part of road 7 " Part of road o
Through road Soll Side drain only Side drain only Through road Sail | sidedrain only Side drain only
Geometry of slipped area Topography Geometry of slipped area Topography
Length (m perpendicular to road) Original slope angle Length (m perpendicular to road) | 40m | Original slope angle 35°
Width (m parallel to road) Failure angle Width (m parallel to road) SoM Failure angle Below | 4o0-45°
Depth (m estimated) Depth (m estimated) 1-3mM " u Above | 557
Estimated volume (L x W x D) Associated retaining wall Estimated volume (L x W x D) 3000M3 Associated retaining wall NoNE
Sketch of failure/additional notes: PINEAPRLE PLANTATION -

IN seit/WEATHERED
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Sketch of failure/additional notes:
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Probable cause of failure:
SMALL SLIDES [N cUT SLoPE SEEM To HAVE ocCURRED DUE Te CULTIVATIoN AND

RUNOFF FRoM PLANTATION IMMEDIATELY ABove. THESE Blockeb THE SIBE DRAIN,
OVERFLeW FRom DRAIN RAN AcRoss RoAD AND SATURATED STEEP DEBRIS SLoPe
BELOW, CAUSING IT To SLUMP DowN, WATER ALSo ScouRED EDBGE of RoAb.

Consequences if nothing done:
1. DEBRIS WILL CONTINUE To SLUMP DewN on LoweR SIBE, LEAVING A HIGHER AND

TigHER BACKSCAR. 2, WATER WILL Go oN SCURING THE EGGE OF THE RoAb so
THAT THE BACKSCAR EATS BACK INTO THE RoAb, 3. THE CUT SLoPE WiLL Kegp
FAILING So THAT THE SIbE PRAIN |S CoNSTANTLY GETTING BlockeDb.

Probable cause of failure:

Consequences if nothing done:

Scott Wilson
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Presenter
Presentation Notes
We are also producing a more comprehensive document as an output from SEACAP 21.  



This is targeted at the professional engineer and intends to provide a much more in-depth account of the subject.


Slope Maintenance Manual

= Written for road management professionals: engineers.
= English and Lao language versions.
= A4 size, 108 pages, illustrated with drawings & photographs.

= Covers all relevant aspects of site inspection, design and
construction.
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Presenter
Presentation Notes
Here are the key attributes of this document.  As you can see, it is bigger and gives the user the technical and management information needed to implement slope works to quite a high standard.  This is currently being circulated for comment.


Technical Specifications

= Complete technical specifications for slope stabilisation
and protection.

= English and Lao language versions.
= Based on international experience and best practices.
= Tested through SEACAP 21 trials and modified accordingly.

o T AR, s


Presenter
Presentation Notes
We have also produced a set of detailed technical specifications for slope stabilisation and protection.  These cover all the geotechnical and bio-engineering works that are likely to be undertaken in the Lao PDR.  They have been tested through our trials in northern Laos and we have made a number of modifications to ensure that they work well.  These have now been handed over to the MPWT.


I n Stab | I |ty Failure in cut slope and hill slope:

Debris will block drain and may block road - ,”
/
/
/
/
/
. /
Line of ~
Erosion of fill slope surface: original “ Cut ‘ /
e /
Part of the road may eventually be lost ground - slope y
e
ad /
Road P //
/
Fill slope ¢ ; ; -
/ s Deep failure in original ground
pd below road:
7 A whole section of road will
// eventually be lost, and will be
P difficult to replace

Qriginal
River undercutting: valley
Zone liable to damage slope
from river bank erosion

Failure in hill slope but not cut slope: wi|50"
Debris may slip on to side drain or road

Debris will block drain and may block road o _
Qriginal hill

Failure in cut slope only:
Debris will block drain and may partially block road

Erosion of cut slope surface:

Failure in fill slope only:
Part of the road will be lost

Failure in fill slope and original valley slope:
Road is seriously endangered

Failure in original valley slope only:
Head-ward retreat will endanger road




_ Unstable matenal in
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Diagnosis of
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Rock slopes: typical maintenance problems
(right) Rock slopes: failure mechanisms

Rock slope toppling failure
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Instability
In walls

Additional load on back wall
due to high groundwater or

PFredominantly overturning movement to wall: weakenad slope
hMovement may create cracks in road surface and

wall collapse; may require underpinning at toe of wall
of total replacerent on more stable foundation

Weakening of foundation attoe
due to errosion/ scour of

fieni theri
Fe Ty S ) Predominantly horizontal sliding

movement to wall: Movement may
cracks block drain; repair/ replacement
increased (eg. base width increased,
shear key constructed) or driving
forces reduced (eg. slope regraded,

Original
i3 slope drainage improved).

ground

- Deep failure in original groumnd
beneath one or both walls:
Differential movements may cause
wall collapse; repair/ replacement
ineffective unless wall foundation
taken down to stable ground below
slip surface.




Figure 3-1: Decision-making
- process for site assessment
and problem diagnosis

Site
Assessment

High

Y

Undertake intermediate
(3.4.1) or detailed (3.4.2)
geotechnical ground
investigation and/or
slope movement

Routine or emergency |

inspection (3.2)

Slope problem

Check again
next time

L I )

found?

No

Detailed site
inspection (3.3.2)

Understanding
of problem

Check
hazard/risk
pricnty (3.3.3)

Modgrate

'

Design remedial

maonitoring (3.5)

Do nothing

a

Low

Implement

measures (5)

remedial waorks (6)




Prioritisation
by hazard and
risk

T A, 58

Actual or expected consequences

Risk ranking

3 4

Road completely lost (or road subsidence greater than 1m) or
occupied buildings damaged or destroyed

Road partially lost

Road completely blocked

Road subsidence less that 1 metre

Road partially blocked

Productive agricultural or forest land lost or destroyed

Walls damaged or slope drainage blocked or damaged

Roadside drainage damaged or blocked

v’

Continued erosion without destroying vegetation cover

v

Ranking and priority

1. Top priority, emergency measures required immediately; buildings may need to be evacuated.
2. High pricrity; realignment may be necessary.
3. Moderate priority, but some temporary remedial measures are required immediately, such as
slip debris clearance, emergency road signing etc.
4. Low priority, but some actions are required quickly, such as slip debris clearance.
5. Least priority, but should be tackled as soon as possible under routine maintenance.
Hazard Soillhighly wesathered Rock slope, fresh to Wall
ranking ro_ck or colluvial slcpe_ m-:_u:hearats.llj,,.r weathered_ _
Height (m) [ Angle (deg) | Height (m) | Angle (deg) | Height (m)
High =15 > 35 > 12 =70 =8
Moderate 515 25-35 7-12 50-70 3-8
Low <5 <25 <7 < &0 <3
MNotes: For slopes, use height or angle to derive highest category
Table based on average conditions




Determination
of treatment

Figure 4-1:

| Assess and diagnose the problem (Section 3) |

Decision- making
process for treatment
measures [ Prioritise works (4.2) |

|Deiermine treatment (4.1)|

'

Avoid the instability | Increase resisting forces |

1. Realign the road.
2. Remove unstable mass.
3. Use a catch wall.

What is the
Soil or weathered rock | material?

What is the

main problem? | Landslide or mass failure |

Is river training

Surface erosion or gullies
needed?

i

[ Reduce driving forces |

| Drainage | | Reduce slope angle I—
[

Select appropriate option (4.7)
1. Stabilisation - reinforcement. h

2. Stabilisation — removal.
3. Protection.

Design appropriate river
training works (4.5)

Is a retaining
wall needed?

Design an appropriate
retaining wall (4.3)

Is drainage
needed?

Design appropriate slope ||
or roadside drainage (4.4)

Is slope
protection
heeded?

Design an
appropriate
revetment
wall (5.2.1)

Is the
slope toe
weak?

—

Design appropriate bio-
engineering works (4.6)

Construct works
according to design

(Sections 5 and 6)




3 Failure in hill slope but not cut slope:
Reduce slope angle; construct wall; improve drainage
Englneerl ng 4 Failure in cut slope and hill slope:
Reduce slope angle; construct wall, improve drainag

Solutions

Original hill

2 Failure in cut slope only:
Reduce slope angle; construct wall, improve drainage

1 Erosion of cut slope surface:
Improve drainage, construct check dams

Line of
5 Erosion of fill slope surface: original

Improve drainage; construct check dams ground -~

Fill slope

// 9 Deep failure in eriginal ground
L7 =\ below road:

P e Reduce slope angle; construct toe
- berm; consider realignment;
P consider temporary re-paving only
i . Criginal /,”
10 River undercutting: valley

Construct river training

X slope
works, slope protection

6 Failure in fill slope only:
- Replace; construct wall

7 Failure in fill slope and original valley slope:
Replace fill; construct wall: improve drainage

8 Failure in original valley slope only:

wilson

Replace fill; construct wall -ii




Engineering solutions are given for the
following categories

= Resolving problems of existing walls
= Soil slope stabilisation with walls

= Drainage improvements

= River training and scour protection

= Bio-engineering techniques

. - - = -II:-'_.:‘_'_
= Rock slope stabilisation e |
%

Example: retaining wall options

o -
5 - = o engids
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= Walls

o Composite masonry
o Mortared masonry

o Gabion

o Other types

= Revetments

= Catch walls

= Bio-engineering

Designs are discussed for:

Shapa and location

Advantages

Dizadvantages

Lower toe pressure, greater

Zraater wall heignt for 3 fxad

— resistance 1o overtuming refalined slops angle
/
A
Zmaller wall height for feed L_ower reglstance o
- retainzd slops angle overturning. higher toe

pressure

Lower log pressure, greater
registance o overturning

Ereater wall haight for fixed
higlgn? of rezalned so

Fmaller wall neignt for fmed
heignt of retalned so

Higner o2 presaure, greater
extent of excavation inta road
— more disnuptien to rafic

zreater resistanca to sliding

Ehap= not sURaDIE for gatbian
construction, Increased
wolume of excavation

posiiee drainage required at
hesl to prevent panding and
foundation saftening

(Ereater resistance o sliding
and overturning, groung
bearing pressuras evenad out

Tilted shaps mare dimcult b
consirucs In gabion
Increased valume of
eXCaVaton, compaction
benind wall mare difacult
positive drainage required at
hesl ta prevent ponding and
foundation oftening

Example: gravity wall design options

25— . R $ 5




Designing
solutions

Cement render

Free draining
structural backdill

Geotextile

/ Structural backfill

—_  75mm dia weep pipes at 2m —

50 blinding concrete

©_ ——— cenlres verically and horizontally __

/ |
/1
T/ 300+ 1

Profile 1 Profile 2
Base Widths and Typical Ground Pressures
Wall Height (H) m 2 3 4 5 6 7 8
Profile 1 Base Width (B) m 1.6 2.1 2.6 | 3.1 3.6 41 | 46
Max Pressure kN/m” | 30 50 70 90 110 | 130 | 150
Profile 2 Base Width (B) m 1.6 2.1 26 | 3.1 3.6
Max Pressure kN/m” | 40 60 90 | 120 | 150

T AR, 58




Construction
Issues
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Typical details: Masonry Retaining Wall
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Typical details: Hardwood Cutting T
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Love your Nation, Maintain the Roads



Presenter
Presentation Notes
This concludes our short consideration of maintenance.  MPWT already has the right philosophy towards maintenance, and we aim just to reinforce this.  We would like to add “Maintain the Slopes” to this.



In the next and last of our sessions, we will give a brief overview of the lessons we have learnt from the work we have done in SEACAP 21.




