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The Construction (Design and Management) Regulations 2015 (CDM) establishes the following statement:
“All practicable steps must be taken to prevent danger to any person, including, where necessary, the provision of supports or battering, to ensure that: 
a) no excavation or part of an excavation collapses;
b) no material forming the walls or roof of, or adjacent to, any excavation is dislodged or falls; and
c) no person is buried or trapped in an excavation by material which is dislodged or falls.”
According to that, it is essential to guarantee proper stability for every excavation.
The excavation can be of different types and conditions, as we could see. Furthermore, differences can be found depending on the durability of this solution, if it is temporary or permanent. This affects the solutions implemented for excavation support. 
In this text, the following temporary solutions are presented:
· Trench support
· Grouting
· Anchoring 
· Sheet piling
· Cofferdams
· Caissons
Other permanent solutions are:
· Diaphragm walls
· Piling
These last ones are not referred in this text.
Trench support
A trench is defined as an excavation when its length greatly exceeds its depth. They are commonly used to allow services, pipelines or foundations (strip foundations). Shallow trenches are usually considered to be less than 6 m deep, whereas deep trenches are greater than 6 m deep. Depending on the dimensions of a trench, excavation can either be carried out by hand or using a mechanical digger. 
Over short periods of time for relatively shallow depths, most soil types will stand almost vertically without any problems. However, trenches other than those may require a trench support scheme. There can be different types of shoring:
Timber supports
Historically, trenching involved the use of timber to support horizontal and vertical soil loads and this technique is still used today. Timber trenching is generally used for low risk, narrow trenches, chafts or headings. The timber solutions require good workmanship and are reasonable labour-intensive, however they are versatile and the equipment required is easy to handle and transport.
Hydraulic Shoring
The trend today is toward the use of hydraulic shoring, a prefabricated strut and/or wale system manufactured of aluminium or steel. Hydraulic shoring provides a critical safety advantage over timber shoring because workers do not have to enter the trench to install or remove hydraulic shoring. Other advantages of most hydraulic systems are that they:
· Are light enough to be installed by one worker;
· Are gauge-regulated to ensure even distribution of pressure along the trench line;
· Can have their trench faces "preloaded" to use the soil's natural cohesion to prevent movement; 
· Can be adapted easily to various trench depths and widths.
All shoring should be installed from the top down and removed from the bottom up. Hydraulic shoring should be checked at least once per shift for leaking hoses and/or cylinders, broken connections, cracked nipples, bent bases, and any other damaged or defective parts.
Pneumatic Shoring
It works in a similar manner to hydraulic shoring. The primary difference is that pneumatic shoring uses air pressure in place of hydraulic pressure. A disadvantage to the use of pneumatic shoring is that an air compressor must be on site.
Screw Jacks
Screw jack systems differ from hydraulic and pneumatic systems in that the struts of a screw jack system must be adjusted manually. This creates a hazard because the worker is required to be in the trench in order to adjust the strut. In addition, uniform "preloading" cannot be achieved with screw jacks, and their weight creates handling difficulties.
Single-Cylinder Hydraulic Shores
Shores of this type are generally used in a water system, as an assist to timber shoring systems, and in shallow trenches where face stability is required.
Besides, shielding can also be used in combination with shoring. Sheets made of timber or aluminium (commonly) cover the vertical surface of the excavation. They are intended primarily to protect workers from cave-ins and similar accidents. 

Trench boxes
They can be placed in pre-excavated trenches or installed using the “dig and push” technique. The space between the trench boxes and the excavation side is backfilled to prevent lateral movement of the box. The system requires at least two struts at each panel for stability which must be considered when access is required for construction work or piping.
Anchoring
Anchoring is used to tie back the temporary sheet protecting the excavation. This method of supporting trenches and large excavations provide a working area free of struts and shores. 
A ground anchor is basically a pre-stressing tendon embedded and anchored into soil or rock to provide resistance to structural movements. A hole is predrilled on soil or rock in position carefully calculated. The anchorage is developed in two ways, depending on the kind of soil:
· For rock anchor, an anchor bar with expanded sleeves at the end is inserted into the hole. A dense high strength grout is injected over a required length to develop sufficient resistance to hold the bar when it is stressed. Stressing is by hydraulic mean and when the stress is developed, the head of the bar is hold by an end plate and nut.
· For injection anchor, a hole should be bored usually with and expanded end to increase anchorage ability. The pre-stressing bar is placed into the bore hole and pressure grouted over the anchorage length.
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Figure 1. (http://naavaay.com).
Gravel placement ground anchor can also be used in clay soils for lighter loading. In this method, irregular gravel is injected into the borehole over the anchorage length to form an end plug. The gravel plug is then forced into soil using percussion method through casing, forming an enlarged end. A stressing bar is inserted into the casing and pressure grouted over the anchorage length as the casing is removed.
Sheet piling
This system is used for permanent and temporary work to control ground water and support excavations. It consists of closely-set piles driven into the ground to keep earth and water out of an excavation. Although reinforced and pre-stressed concrete sheet piles are available, steel sheet piling is by far the most common form of sheet piling used in civil engineering works. 
Steel piles are usually hammered into the ground (other systems are pushed in or vibrated into position). To keep the piles in position during driving, it is essential to erect temporary guide walings; to assist stability of the driving frame, the distance apart of the two sets of walings should be as large as practicable. Once in the ground are held stable by either cantilever action or are propped across the excavation. 
They are used for permanent retaining walls in docks, harbours and embankments. They are also used in the temporary case to support the sides of trenches and in cofferdam construction.
The two main types of steel sheet piles used in the UK are Frodingham and Larsen; the difference is in the position of interlock. They are both available in lengths between 9 and 30 metres.
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Figure 2. (Warren, 1996)
Cofferdams
Cofferdams are temporary structures used for deep confined excavation in poor ground or in open water. It can be built with steel sheet piles. When it is built in open water, it forms a watertight rectangle that is then dewatered to allow excavation works inside.
[image: ]
Figure 3. (Warren, 1996)
Cofferdams can be considered under two headings:
Single-skin cofferdams
These consist of a suitably supported single enclosing row of sheet piles and may be suitable for excavation depths of up to 15 m. Single-skin cofferdams constructed to act as cantilevers are possible in all soils but the maximum amount of excavation height will be low relative to the required penetration of the toe of the pile and this is particularly true in cohesive soils.
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Figure 4. (John Greville’s notes, UWTSD).
Double-skin cofferdams
Double-skin cofferdams are used to exclude water from construction areas in rivers and waters where large structures are to be built. These are self-supporting gravity structures constructed by using two parallel rows of piles with a filling material placed in the void created. The type of double-skin cofferdam has the inner wall, design as a retaining wall which is suitably driven into the sub-strata, whereas the outer wall acts primarily as an anchor wall. The two parallel rows of piles are tied together with one or two rows of tie rods acting against external steel walings. Inner walls should have a series of low level weep holes.
Gravity-type cofferdams can also be formed by using pile sections arranged as a cellular construction. They are entirely sel-supporting and do not require any other form of support such as struts, braces and tie rods. The pile, with its interlocking joint, is capable of resisting the high circumferential tensile forces set up by the non-cohesive filling materials.
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Figure 5. (John Greville’s notes, UWTSD).
Caissons
These structures can be used to construct foundations in open water and bad ground conditions. They are economically constructed where the depth below the water table exceeds 18 m. They consist of a thick concrete box or cylinder between 3 and 15 m in diameter. As ground is removed, the caisson will drop down into the excavation, providing support and water control. Additional rings of concrete wall can be added to the top to keep the water out. 
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Figure 6. (Warren, 1996)
There are four basic types of caisson:
Box caissons: They are usually constructed on land and designed to be launched and floated to the desired position where they are sunk onto a previously dredged or rock blanket foundation.
Open caissons: Precast concrete open at both top and bottom ends with a cutting edge to the bottom rim. They are suitable for installation in soft subsoils (i.e. clay or lime) where the excavation can be carried out by grabs enabling the caisson to sink under its own weight. When the desired depth has been reached a concrete pile in the form of a slab is placed in the bottom. The cell void can then be pumped dry.
Open caissons can also be installed in land if the sub-soil conditions are suitable. Benitonite slurry can be pumped to act as a lubricant. The excavation operation is usually carried out simultaneously with the construction of the caisson above ground level.
Monolithic caissons: Similar to open caissons but have greater self weight and wall thickness making them suitable for structures liable to impact.
Pneumatic or compressed-air caissons: Compressed air caissons maintain a positive air pressure at the bottom of the caisson. The air pressure is always maintained at a level higher than the water pressure trying to flood the caisson and so keeps the excavation area free from water whilst the sides of the caisson support the sides of the excavation. They are used when difficult sub-soils exist and where land excavation in dry working conditions is necessary. When the required depth has been reached the floor of the working chamber can be sealed over with a thick layer of concrete. This is followed by further concrete and pressure grouted to finally seal the working chamber.
[image: ]
Figure 7. (Warren, 1996)
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