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Theme 2.4 Engineering effects

Cut Slopes

Fill Slopes

Spoil disposal

Retaining wall foundations

Road runoff

Presenter
Presentation Notes
In this sub-theme we will consider the way that constructing a road in mountainous terrain influences the stability of slopes. These include the construction of cut and fill slopes, the disposal of surplus spoil, inadequate retaining wall foundations and finally the problems associated with road runoff following heavy rainfall.
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Cut Slopes

Presenter
Presentation Notes
Once the centreline of the new road has been established and pegged out on the ground, the ground resurveyed and the vertical alignment agreed, the resulting cross section will probably comprise a cut slope above the road and a fill slope below. In some cases there will have been only a very limited ground investigation carried out (or more frequently none at all) during the design phase, so the designer will only have limited knowledge about the ground conditions beneath the surface of the natural slope.
To minimise construction costs, the construction supervisor will want to minimise the quantity of earthworks. If the ground beneath the slope consists of relatively unweathered rock, then the cut slope can be constructed at a steeper angle than if the ground beneath the slope consists of soil. For instance, the MPWT Design Manual recommends a cut slope of 1V:1H for residual soil,2-4V:1H for weathered rock, and 5-10V:1H for sound rock. The chances are that the ground beneath the natural slope will consist partly of soil and partly of rock. So the construction supervisor has to make an estimate of how far below the natural ground surface he can consider the material will be rock, so that he can steepen up the cut accordingly. This is illustrated on the following slide.
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Cut slopes

Presenter
Presentation Notes
On the basis of the assumed subsoil conditions, the cut slope profile boards will be positioned at the top of the intended cut slope so that excavation can commence at the correct location. If the construction supervisor has been too optimistic and assumed that the rock level is significantly higher than it actually is, then either the soil portion of the cut slope or the rock section of the cut slope will end up steeper than originally designed in order that the road remains in the same location.  
If the construction supervisor has been too pessimistic and assumed that the rock level is significantly lower than it actually is, then the resulting excavation will produce a surplus of spoil.
As a general rule, assumptions regarding the depth to rock and the quality of the rock are frequently too optimistic, leading to the construction of oversteep cut slopes that are prone to excessive erosion and failure. 
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Fill slopes

Presenter
Presentation Notes
Fill slopes along roads in mountainous terrain usually arise from two considerations. The disposal of surplus spoil or fill to support the actual road pavement. Often they are a combination of the two. We shall discuss spoil disposal shortly and concentrate on fill slopes supporting the road.
The standard rule of thumb is that a fill slope can be constructed at a slope angle of 1V:1.5H. However, in order to be safe, the fill slope should be keyed into the underlying natural slope by removing the existing vegetation and constructing a stepped interface. In addition the fill should be properly compacted to minimise future settlement and to create more resistance to surface erosion. As we all know, this rarely happens, the result often being settlement of the road and gullying of the fill surface.
Fill slopes constructed at slope angles steeper than 1V:1.5H are prone to failure. Rockfill slopes can be constructed to 1V:1.25H.
The upper 2m of fill slopes are often required to be formed at 1V:2H, but this is due solely to traffic safety reasons.
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Fill slopes

Presenter
Presentation Notes
Here we have a typical failure in loose fill placed on an existing hillside. With a slope angle of 38 degrees and an angle of friction of 30 degrees, the slope is only just marginally stable (FS = 1.05). When rainwater enters the fill and perched water table forms on the interface between the fill and the original ground, the factor of safety reduces to less than 1.0 and the fill slope fails.



6

Fill slopes

Presenter
Presentation Notes
Here we have the same situation but this time the fill slope is properly compacted, leading to a higher angle of internal friction of 35 degrees, and the finished slope surface is at an angle of 33.5 degrees (1V:1.5H). In this case, even though a perched water table forms at the fill/original ground interface, the factor of safety is well above 1.00.
In addition, if the original ground been cut in steps before placing the fill, then the likelihood of a perched water table forming in the first place would have been minimised.
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Spoil disposal

Presenter
Presentation Notes
Surplus spoil can arise during the construction of a new road and in the maintenance of an existing road. All too frequently the surplus material is simply dumped on the natural slope below the road without any thought about the stability of the slope, nor any attempt to compact it. 
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Spoil disposal

Presenter
Presentation Notes
This loose spoil is very prone to failure following heavy rainfall, either by surface erosion or frequently by failure along or close to the original ground surface. The additional loading from the spoil can also cause instability of the natural hillside itself, creating even a larger problem that will be expensive to rectify.
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Spoil disposal

Presenter
Presentation Notes
In the case of landslide debris removal where the resources may be very limited and the need to re-open the road very quickly may be great, then dumping of a limited quantity of material (say up to 10 cum) on the opposite side of the road by front-end loader might be justified, but in all other circumstances it is not recommended. Even dumping the material to a safer location within say 50m of the landslide will be a much better option, ‘safer’ being defined as somewhere where the risk of later failure or erosion are less than at the landslide site, for example a spur or a less steep natural slope below the road.
In this particular slide, landslide spoil has been dumped on top of some existing bioengineering that had been planted to stabilise an already eroding slope. As you can see from the tension crack, it is already beginning to fail.



10

Spoil disposal

Presenter
Presentation Notes
In all other circumstances, including the construction of new roads or new retaining walls, the surplus spoil should be removed, trucked and dumped at a safe location within a few kilometres along the road. These safe locations should be agreed in advance with the contractor. Most importantly, there should be an item in the construction contract Bill of Quantities to pay for the removal, trucking and safe disposal of spoil, preferably on a km-cum basis.
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Wall foundations

Presenter
Presentation Notes
The subject of retaining wall foundations is dealt with in Theme 8 later in the course, so we shall only consider the effects of poor wall foundations on slope stability generally.
Poor wall foundations will cause the wall to move vertically, horizontally, or a combination of the two, possibly leading to complete failure of the wall itself. If the wall is located away from the road, then limited movements of the wall may have no further consequences for the road, provided they eventually cease. If the wall is located close to the road, then even limited movements can create problems with road surface or roadside drain cracking and the potential for additional ingress of water into the wall foundation. This could result in further softening of the foundation and additional movements.
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Wall foundations

Presenter
Presentation Notes
Gabion retaining walls are able to move without serious distress to the integrity of the wall; whereas masonry and reinforced concrete walls are likely to crack, as this slide shows. 
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Wall foundations

Presenter
Presentation Notes
If poor wall foundations are unavoidable then the preference might be for gabion construction, although an alternative but usually more expensive option (e.g. sheet pile wall), may be necessary.
This slide shows some movement of the wall, even though the wall is still functioning as intended.
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Road runoff

Presenter
Presentation Notes
The introduction of a new road into otherwise natural mountain terrain immediately changes the runoff regime, even if all the main gully and stream courses crossing the alignment are culverted. Runoff from the slope surfaces above the road and from the road surface itself will be directed into the roadside drains and these drains will discharge this additional water into the culverted crossings. At least for a short distance below the road these natural drainage courses will be carrying more water than they had in the past, possibly creating additional erosion of the invert and banks.
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Road runoff

Presenter
Presentation Notes
It is common practice for the surface of mountain roads to be cambered towards the hillside wherever feasible. This means that there is only one inner drain needed to take the road runoff and runoff from the hillside slopes above. However, rather than create potentially dangerous adverse cambers at road curves coming away from the hillsides, the road surface is often cambered away from the hillside and the road runoff at these locations will be directed towards the valley slopes below.
 Problems can occur when a slip blocks the inner roadside drain. If the road surface is sufficiently cambered towards the hillside, then the water will work its way around the toe of the slip and back towards the inner drain. If the camber is insufficient, the slip blocks the entire road, or the camber directed away from the road, then the road runoff will be directed onto the valley-side slope in an uncontrolled manner, potentially resulting in significant erosion and instability.  The lesson to be learnt here is to clear slips as quickly as possible.
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Road runoff

Presenter
Presentation Notes
Sometimes an additional outer roadside drain is constructed to collect the runoff; sometimes there is an upstand to redirect this runoff to a safer discharge point (as shown in this slide); often there is nothing. 
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Road runoff

Pipe culvert

Presenter
Presentation Notes
Failures below the road are almost always caused by a concentrated flow of water, either from a defective or insufficiently sized culvert outlet as shown on this slide
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Road runoff

Roadside 
drain turnout

Presenter
Presentation Notes
Or from drainage turnouts, as shown on this slide. The resulting damage is often very expensive to repair.
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Road runoff

Presenter
Presentation Notes
Roadside retaining walls supporting the road are often located in where the road camber is away from the hillside. The walls are usually constructed so that the top of the wall is slightly above the surface of the road, to avoid road runoff going down the face of the wall and potentially undermining the wall foundation. However, what is frequently forgotten is provision for roadside drainage at the end of the wall, with the consequence that a gully develops at the end of the wall, also potentially undermining the wall foundation. 
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