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The function of a retaining wall is to hold in a permanent vertical position a wall of earth that in an unsupported state would be unstable. Such walls must be designed to resist overturning, overstressing of the material in the wall, forward sliding, settlement due to overstressing of soil beneath base and circular slip.
There are two main categories of retaining walls: gravity and cantilever. Within these categories, there are different types as shown:
Gravity		- mass wall
			- crib walls or gabions
			- reinforced earth

Cantilever	- concrete (counterfort and buttressed)
		- steel (sheet piling) (already seen)
		- bored piles (secant or contiguous) 
		- diaphragm walls
Gravity retaining walls
Gravity retaining walls are used where a small slope is allowed to the retained face and there is enough land available to accommodate the thickness of the construction, which can be equal to the retained height. They are used to retain soil, gravel or even waste material, but are not considered to be water retaining unless special design features are incorporated. They are often used for retaining embankments in road construction.
Gravity walls depend on their weight to retain soil. They are designed to distribute their self-weight, sometimes called “dead weight” and the forces from the retained soil to the ground on which it sits without undue settlement occurring. Mass concrete retaining walls are limited in height to about three metres as they become uneconomic at greater heights. Generally, the width of the base is about one third of the height and at the top one sixth.
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Figure 1. (John Greville’s notes, UWTSD).
Mass wall
A massive wall is built in mass concrete, brickwork or masonry. It relies upon its own mass, together with the friction on the underside of the base to overcome the tendency to slide or overturn.
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Figure 2. (John Greville’s notes, UWTSD).
Crib walls
It is built up of small concrete or hardwood beams stacked in a grillage pattern. They are designed to interlock to form a series of small boxes, which are filled with granular material to act as an integral part of the wall. This granular material usually extends up to one metre behind the wall. The principle is that the beams act as an interlocking agent with each beam supporting a small amount of fill. The combined action is for the fill to act as one stable solid mass and act as a gravity retaining wall. A concrete strip foundation supports the first units, which are accurately levelled. The topsoil can be placed allowing vegetation to grow and enhance the appearance.
[image: ]
Figure 3. (Warren, 1996)

Gabions
Gabions are wire mesh boxes filled with well-packed stones 100 mm to 225 mm in size. The boxes are generally one metre wide by one metre deep and two metres long, and are placed on top of each other in a brickwork pattern (English bond) to form a wall. The result is a heavy construction acting as a gravity retaining wall.

Reinforced earth
This method combines the strength of the reinforcing material with that of the soil to produce a stable bulk capable of retaining soil. The construction consists of about 250 mm thick, well compacted layers of soil between reinforcing mesh or strips of reinforcement. The mesh may be of steel or a high tensile plastic, usually polypropylene, and is attached to precast concrete facing panels to give a neat finish. The final aspect can be very different depending on the design, but the construction method is always very similar.
[image: http://www.gitam.edu/eresource/IRCPAPERS/IRC%20TECHNICAL%20PAPERS%202006/images/p43.jpg]
Figure 4. (http://www.gitam.edu).
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Figure 5. (John Greville’s notes, UWTSD).
This type of construction is used widely because of its speed and low cost in comparison to other forms of construction. A reinforced earth wall is only about half the weight of a conventional concrete retaining wall and so can reduce the contact pressure which can be an advantage in poor ground. This type of wall cannot be expected to retain liquids without additional design measures, but it is commonly used to retain earth embankments and bridge abutments in road construction. Besides, it may be terraced with vegetation to give a more natural appearance.
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Figure 6. (John Greville’s notes, UWTSD).
Cantilever retaining walls
These retaining walls have the vertical wall, the stem, which retains the soil, which works as a cantilever beam from the foundation. There are different types of walls according to the method of construction and performance. 
Concrete
The concrete retaining wall can be developed in different ways, and the performance is also different. The main objective is that the foundation can avoid overturning and sliding. The elements are shown in the following figure.
[image: http://www.aboutcivil.org/imajes/Retaining-wall.jpg]
Figure 7. (http://www.aboutcivil.org)
Friction with soil also absorbs sliding. The heel absorbs overturning using the weight of the soil retained. The toe absorbs overturning increasing the soil surface. The key helps to avoid sliding and overturning too. All these elements are not always present. It depends on the design.
A reinforced cantilever gives greater economy and slenderness when the retained height of earth is more than 2 metres. The concrete section can be reduced and, therefore, the performance of the wall depends on deformation. The nominal reinforcement forms a jail in both sides of the wall. 
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Figure 8. (Construction Technology notes, University of Alicante - Spain).
In this case, the study of deformation is needed. According to the following tension diagram, it can be seen the different forces that intervene over this wall, and the occurring tensile stress due to these efforts.
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Figure 9. (Construction Technology notes, University of Alicante - Spain).
Concrete is not strong enough to tensile stress, so the following deformation and cracking can occur.
Therefore, the cracking sides due to tensile stress must be reinforced additionally as it is shown in the following figure.
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Figure 10. (Construction Technology notes, University of Alicante - Spain).
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Figure 11. (Ferriz Papi, 2015)
Concrete cantilever walls are often used to retain liquid, although they are also used to retain soil. These walls can also resist heavy vertical loads and are often incorporated into bridge abutments where they can be used to support the bridge deck too. Concrete retaining walls can retain a height of seven metres without any additional means of support. Wall heights in excess of this height can be achieved by using counterforts or buttressing. These elements can be located behind the wall or, if it is not possible to excavate, they can be located on the open face.
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Figure 12. (Waren, 1996)
Sheet piling
This system has already been defined. Sheet piling is also used to retain soil in the permanent and temporary condition. It is very useful in situations where the retained soil cannot be disturbed or where space is limited: for example, where an excavation is to be carried out immediately adjacent to a road.
[image: ]
Figure 13. (Warren, 1996)
Diaphragm walls
A diaphragm wall is a structure which spans in two directions rather like a drum skin and consists of an in situ concrete wall cast in the ground. It can be used to support vertical excavations, to control the passage of ground water. It is particularly useful for the construction of deep basements (i.e. underground car parks) and is suitable for all types of soils except boulders and rock. Diaphragm walls are usually more expensive than other systems, and so they are only economic as a permanent solution incorporated into the finished structure. 
[image: ]
Figure 14. (John Greville’s notes, UWTSD).
The walls are cast in the ground in deep trenches up to 30 m deep and between 450 mm and 1 m wide. The excavation is carried out using a clam shovel, and continually filled with bentonite to prevent the ingress of ground water and stabilise the excavation from collapse. There is the need to build concrete guide walls at the edge of the excavation for the shovel to go through the wall excavation right straight. Once the excavation is made, concrete is poured with a tremie pipe. The concrete comes out at the bottom of the pipe, where it accumulates and fills the excavation displacing the bentonite. The main purpose of it is to prevent concrete segregation and contamination with bentonite. The displaced bentonite is then collected and stored. Steel reinforcement is also introduced (before the tremie pipe) when the diaphragm wall has structural purposes.
A diaphragm wall is constructed in alternate panels usually about five metres long. This is to allow the concrete to cure and perform with any thermal movement before the adjoining panel is cast.
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Figure 15. (Warren, 1996)
The main problem of this technique is to obtain a consistently watertight joint between panels. To overcome this problem, a steel tube can be positioned at the ends of the excavated panel before concrete is placed, so providing a semi-circular joint at the end of the panel. The diameter of the pipe is the same as the wall thickness and is coated with a debonding agent to reduce the concrete sticking. With two adjoining panel cast the steel tube can be removed and the resulting void grouted.
[image: ]
Figure 16. (Warren, 1996)

Contiguous and secant piling
Contiguous piling is an alternative method to diaphragm wall construction and is a cheaper solution because the rigs used are not specialised equipment and are often used for the installation of piled foundations. The method consists of drilling holes at close centres with an auger of diameter equal to the thickness of the wall. Each hole is augered so that a small gap exists between piles. The size of the gap depends upon the type of soil present, as it is expected to bridge the gap structurally so that the soil is retained. The heads of the piles are recommended to be joined with a load spreading beam.  
[image: ]
Figure 17. (Warren, 1996)
Secant piling takes the contiguous piled wall one step further towards water control and ground support. The wall consists of a series of interlocking reinforced concrete bored piles. Alternate piles are drilled first and then while the concrete is still green (set but not hard), the intermediate piles are drilled. The help of a retarder additive can be useful to allow intermediate pile installation. 
The second piles take the majority of reinforcement and are called the male piles, while the first piles installed are called female. The female piles may also contain reinforcement to provide a strong wall to resist lateral loads. Once such a wall is in place, the excavated face can be treated (i.e. with another layer of concrete) to give a fair faced finish. Again, the heads of the piles are recommended to be joined with a load spreading beam.
[image: ]
Figure 18. (Warren, 1996)
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