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35.1 The legal position In the normal contractual arrangement, the engineer provides all the information about the permanent structure. However, on many occasions a temporary structure of some type is needed in order to reach the final position. The design and construction of this is a matter solely for the contractor. In other types of contract, things may be somewhat different. For example, in a direct labour situation the design of all temporary and permanent works is likely to be in the same hands; or the engineer may choose to design the temporary works because of their close interaction with the structure. However, in contracts undertaken under the Institution of Civil Engineers conditions, it is firmly a matter for the contractor, though the submission of details to the engineer is normally required. This submission in no way relieves the contractor of responsibility, but does provide a further check on practicability and safety. The engineer has no legal responsibility to the contractor for approving or 'not objecting to' these drawings. He must be careful not to attract responsibility to himself unintentionally. But he has a responsibility towards his client, to ensure that the temporary works will be satisfactory; this means that they must serve this purpose without delaying the work, or cause the client to be in difficulties because his structure has in some way interfered with others. If the structure takes longer to build through inadequate temporary works design or a failure, the client suffers. That very briefly outlines the basic position under English contract law. But the position in common law is slightly different. Everyone who has a direct supervisory position on the site and who has the ability to make appropriate judgements has a responsibility. Thus, if the engineer is aware that the temporary works are not all they should be and some harm befalls, he may well share responsibility with the contractor should a court of law award costs arising out of such an incident. Other legal requirements arise from problems such as preserving amenities presently enjoyed by neighbours or the public. Requirements are not specifically laid down but follow from this. The Health and Safety Executive lays down general requirements for health and welfare which guide the designer, especially in connection with access scaffolding. The main legislation in the UK is the Health and Safety at Work Act 1974. Under its authority, regulations1^* are laid down giving general, and in the case of access scaffolding, detailed requirements. These are enforced by the Factory Inspectorate, under the Health and Safety Commission. They also publish a series of Guidance notes,5 some of which are relevant to construction. There is a variety of approach in different countries, based on different traditions and attitudes to life. In the EEC, there are pressures for harmonization, but this will take many years.



merely a costly nuisance; in others it will be catastrophic, both to life and property. It may be appropriate to make adjustments to the design parameters depending on circumstances. (4) The available design facilities may be different from the conventional. For example, some temporary works structures may be required at very short notice and the design therefore must be carried out by whoever is available at the time, and checking of a normal standard may not be possible. (5) Similarly, the materials may be somewhat different. They may be unusual, and frequently they are not new. This is discussed below under particular materials. (6) Because of the short-term nature of the works, and possible financial advantage, there is a strong bias to take risks with life and property which would not be contemplated elsewhere.



35.2.1 Limit state design At the time of writing, some structural codes have become available using partial or gamma factors, commonly called limit state philosophy. This calculation method is based on characteristic values, which are not available for temporary works loadings, and thus cannot be used for such calculations at present. But the philosophy, which involves many safety factors more directly related to the various aspects of uncertainty and risk, lends itself admirably to the design of temporary works, and enables an engineer to adjust factors to the conditions of his particular case. As they are revised, structural codes are being transformed into limit state philosophy, and Eurocodes are similarly based.



35.3 Materials Materials common in construction are used and some particular notes are given below. Those which have already been fabricated to form equipment are described in section 35.4 following.



35.3.1 Stresses For virtually all materials in use for temporary works, there is a Code of Practice which lays down the stresses which are applicable in permanent construction. Higher stresses may be appropriate in some cases, where conditions of loading are more accurately known. If materials have deteriorated, it may be possible to use lower stresses, rather than rejecting them out of hand.



35.3.2 Steel 35.2 The temporary works condition Design and construction of temporary works comprise a particular case of construction in general but there are certain items which are different. These are: (1) The time for which the structure is in use will be measured not in decades but in months or possibly only hours. (2) Because of this short duration it is easier to predict what loadings will actually have to be carried, which may enable a slightly lower safety factor to be used. Conversely, unless the site is well organized and controlled, unpredicted loads of considerable magnitude can arise. (3) In some cases a collapse of temporary works would be



There are several grades of steel available, with different properties. As there is no system of permanent marking, great care should be exercised to ensure that a basic steel is not used instead of a higher grade steel. As the stiffness of all steel grades is the same, no advantage is obtained by using a higher grade, unless the controlling factor in the design is strength. Steel which has been used is often damaged; it may be straightened for reuse. Rectification should only carried out by experienced personnel, as there are pitfalls. Over-enthusiastic straightening may leave cracks which are not noticed. Heat treatment can cause changes in the properties of steel. The final accuracy may be rather wide of what is desirable, and if it is critical as, for example, in a strut, lower working stresses may be appropriate. Rust-pitted steel should also be used with lower stresses and



deeply pitted steel should be discarded. Particular modes of failure with steel joists too frequently overlooked, are instability and web buckling. 35.3.2.1 Steel scaffolding Scaffold tube is 48 mm outside diameter. The steel tube used is of various thicknesses, from 2.9 to 4.6 mm, and several grades of steel. A small amount is aluminium. Attempts to standardize throughout the EEC are proceeding, but a variety of types will persist for at least a decade or two. Other sizes, thicknesses and grades are often used for prefabricated scaffold. In the UK, steel tube is 4 mm thick with a ductile steel of yield stress 210N/m 2 , and at present there is no need to check thickness and grade as there is only this type in use. In other countries a check must be made when design is based on any but the lowest grade tube in circulation there. Table 35.1 gives the safe working loads for steel tube complying with BS 1139:1982, Part I 6 when loaded concentrically. The effective length / is a function of the end conditions. In Figure 35.1 and Table 35.1, the effective length / of the top cantilever and the adjacent section are given by: /=L, + 2mL,



(35.1)



Table 35.1 Maximum permissible axial loads in steel scaffold tubes BS 1139:1982, Part 1 Specification for tubes for use in scaffolding Effective length, I



Slenderness ratio l/r



(mm) O 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000



15.9 31.8 47.8 63.7 79.6 95.5 111.5 127.4 143.3 159.2 175.2 191.1 207.0 222.9 238.8 254.8



New tubes Permissible axial load (kN)



Used tubes Permissible axial load (kN)



70.7 68.5 66.2 63.0 57.7 50.3 42.0 34.2 27.9 22.8 18.9 16.0 13.5 11.6 10.1 8.8 7.9



60.1 58.2 56.3 53.6 49.1 42.8 35.7 29.1 23.7 19.4 16.1 13.6 11.5 9.9 8.6 7.5 6.7



Note: Effective lengths above 3000 mm are undesirable.



The bottom is similar unless lateral stability is provided at level H. The value for intermediate sections may be taken as 1.0 x L.



Figure 35.1 Effective lengths of scaffolding Table 35.2 Properties of steel scaffold tube to BS 1139:1982, Part 1, Specification for tubes for use in scaffolding External diameter Thickness of wall Cross-sectional area Weight Radius of gyration r Modulus of cross-section z Minimum yield stress Maximum allowable compressive stress



48.3 mm 4 mm 557 mm2 4.37 kg/m 15.7 mm 5700 mm2 210N/mm 2 127N/mm 2



ascending strength. Classes SC3, 4 and 5 are the three most likely to be used in temporary works. A variety of modification factors are given, of which the most important is for moisture content. Outdoors in the UK, timber should always be considered to be 'wet', and the appropriate factor used. For the short-term applications of temporary works, the duration of loading factor may be applied. Provided the timber can recover between uses, time should not be considered as cumulative. A new factor relating to depth of section is now included. The falsework Code8 gives two other factors which may be used in that context, and has tables of stresses. Table 35.3 gives stresses for three strength classes, appropriate for most falsework applications. Where it is impractical to obtain stress-graded timber, this Code also gives some guidance on what action to take. With a rejection of the worst pieces, a parcel of a particular commercial grade may be used with level of stress equal to SC3. To ensure reused timber is in adequate condition, inspection must be carried out. Guidance may be found in a leaflet by the Timber Research and Development Association (TRADA).9



35.3.3 Timber Timber has been available for many years, classified by 'commercial' grading, which is basically aesthetic. Some stressgraded timber is now available, which means that minimum strengths can be reliably anticipated. The timber Code7 gives information about designs using such timber. This provides data on the strengths of various species, as well as on strength classes, a new concept classifying all timber into nine classes of



35.3.3.1 Plywood and man-made timbers Waterproof plywood of structural thickness is now available in three main types: (1) Douglas fir from North America; (2) birch from Finland; and (3) tropical hardwood from a variety of sources. From structural considerations, there is little to choose between them. But where used as shuttering, care must be taken to choose appropriately and to apply suitable treatment (see



Table 35.3 Permissible stresses and moduli of elasticity, timber



Strength class



SC3 SC4 SC5



Modulus of elasticity E Bending stress Tension stress Shear stress Compression parallel to grain parallel to grain stress perpendicular to perpendicular to grain mean minimum grain 2 2 2 2 2 (N/mm ) (N/mm ) (N/mm ) (N/mm ) (N/mm ) (N/mm2)



6.29 8.90 11.87



3.73 5.24 6.90



2.63 2.87 3.35



section 35.5 on formwork). Large sheets can be obtained to special order with scarfed joints, producing concrete virtually free from joint lines. Data for calculations are available from the manufacturers or suppliers. Chipboard. For many years, chipboard has been a cheap but moisture-sensitive material. Recently, a few chipboards which are adequately moisture-resistant for formwork have become available, and have been used extensively for reactor construction in Germany. Its stiffness is not as good as virgin timber, and so it is often necessary to use a thicker section than the equivalent plywood. Other man-made timber materials. Due to low stiffness and poor moisture resistance, they have relatively little application in temporary works. 35.3.4 Aluminium The lightness of aluminium is countered by its flexibility, and so aluminium has only limited structural applications. As scaffold tube, it is about 3 times as flexible as ordinary tube and in consequence its use in conjunction with steel tubes must be exercised with care to prevent unexpected distortions. Thus, it is desirable to make any one structure of either steel or aluminium. Because of its high scrap value, it is very susceptible to theft. It can be extruded into complex sections (see section 35.4.2 on soldiers and walings). 35.3.5 The ground In many cases, naturally occurring soil or rock is fundamental to the success of the work. Its properties must be established to enable the design to proceed. However, there are cases where a rigorous, classical analysis will indicate capacities so small as to be impracticable; but for small loads, and short periods, it may still be possible to achieve an acceptable result. Reference may be made to the falsework Code.8 In all cases, an examination should be made of the ground conditions, at least using a spade. For the situation where the ground must be supported laterally, see section 35.9 on temporary excavations. 35.3.6 Bricks and the like Where such materials can remain permanently they can form an economical material for formwork, especially if they bring in a trade at that time under-utilized. Brickwork can also be an economic way of forming support towers. Where existing structures contribute to the strength of temporary works, careful investigation, supplemented by tests if necessary, is needed before relying on them. Concrete, precast or in situ, has similar applications.



1.32 1.40 1.97



7600 8600 9200



5000 5700 6100



35.3.7 Plastics The uses of plastics in temporary works are still few and far between. The difficulties which must be overcome to make it a successful proposition are cost and the low modulus of elasticity. To use plastic effectively, fabricated sections built up in some way to give a large effective depth must be used and this process is expensive in labour. The alternative of thick, solid sections of plastic is considerably more expensive than traditional means, and so it will be some time before this material is in use in large quantities. There are three main groups: (1) a thermoplastic group in which heat will render the plastic flexible so that it can be shaped again; (2) a thermosetting group in which the plastic once set by the manufacturing process, cannot be altered; and (3) plastic reinforced with fibres, usually glass fibre. As a structural material, only the third class need be considered (see page 35/10). Thermoplastic materials can be used to make textured formwork surfaces and these are discussed by Blake.10 Small items such as tie cones are very effectively made in plastic, easy stripping from the concrete being an important reason. Bulk with low weight and relatively low strength can be obtained fairly cheaply with expanded plastic such as polystyrene used, for example, as a permanent form for a void, or for forming holes.



35.4 Equipment Materials are often fabricated to make equipment designed especially for the job in hand, to be scrapped thereafter, but much equipment is conceived for continuing use. There are a number of firms supplying equipment of various kinds useful in temporary works, available for either sale or hire. When these are proven items, a saving of time and design cost are immediately available and it is more likely to be economic to writeoff only a part on the job in question. For example, a set of equipment may be purchased, and the job completed in a given time. Alternatively, by hiring twice as much equipment for a total cost of perhaps half the outlay, the job can be completed in half the time. Data for design should be obtained from the manufacturer. It should be noted that there are no standard tests except for telescopic centres," props,12 and heavy-duty support towers.13 Factors of safety are discussed in the falsework Code.8 The items below are the more common. 35.4.1 Formwork panels The face of the concrete will often be formed by panels which may be of steel or of a steel frame with a ply face. This latter is normally a component in a system designed primarily either for



walls or soffits. In general, these will serve the alternative purpose but not quite so efficiently. These are available commercially, or panels can be purpose-made. 35.4.2 Soldiers and walings The majority of large shutters today rely on soldiers or strongbacks. A number are available to suit most problems: they can be used in other ways, e.g. as walings, and some are designed for this purpose. The big advantage of aluminium is the possibility of extruding complex shapes, and sections are now available for formwork applications. One face is designed to accommodate a timber for fixing the sheeting while the other provides simplified fixing for the main outer strength member. Due to the lightness, spans larger than the timber it displaces are practical.



Capacity (kN)



Nos O to 3 props



35.4.3 Centres Telescopic beams are available in a variety of sizes to support slab formwork. These may present problems of end support owing to the small area in contact with any timber they sit on. Deflections may also need care. In the largest types, spans of 10 m are possible (see also section 35.4.9 on heavy-duty girders).



Prop length Figure 35.2 Safe working loads for telescopic props to BS 4074



35.4.4 Form ties Today, form ties in many varieties are available. The simplest approach is a threaded bolt with a cardboard or plastic sleeve. Many of these are based on the Dividag reinforcing bar, with special nut units; alternatively, a plain rod with various proprietary types of friction grip at each end may be used. The form tie will normally be withdrawn and the hole filled. The oldest type of proprietary form tie is the coil tie in which two coils are connected together by rods. The shutter is fixed with special bolts which engage with these coils. On withdrawal of the bolts the holes are made good. A comparable group of form ties perform the same function using a she bolt and a threaded rod as the expendable piece. With this system it is more difficult to obtain accurate spacing or thickness of the wall, and correct location of the portion left in the wall. Note that threads are not standard and mixing ties and bolts can result in failure. There are also snap ties in which a complete assembly is cast into the wall and the ends broken off. 35.4.5 Clamps Clamps have been available for many years for constructing columns. They are also available in a variety of styles for clamping beam shutters. 35.4.6 Props and struts Telescopic props consist of telescopic tubes between which the load is transferred by a pin, which sits on an adjustable screwed collar. Its capacity is related to the accuracy of its use, as was demonstrated by research carried out on props to BS 4074:1982.14 It is practical on site to limit out of plumb to 1.5°, and the location of the load at the top to within 25 mm of the ideal position. In these cases, the lower pair of lines in Figure 35.2 are appropriate. Where concentricity can be guaranteed by means of pins on the beams above locating in the holes in the prop - the upper pair of lines may be used. The standard prop is not designed for tension, but a variety of push-pull props of varying capacity are available. The ends must be of a type to permit connection to take the tension. They are useful for aligning formwork and for locating precast units in position until they are secured permanently.



Concentricity guaranteed No. 4 props Nos O to 3 props General use



No. 4 props



Struts for trenching are of the same basic design, but are much shorter and have clawed ends. 35.4.7 Prefabricated scaffolding As an alternative to traditional tubular scaffolding, prefabricated units are available. While most were designed principally for access, they can also be used for soffit support purposes. There are two main types: (1) in which frames are used to construct a series of independent towers or a line; and (2) in which components of linear nature connect together to provide a grid of vertical supports, or when used for access, in a line. When used as falsework, leg loads range from 3 to 61. 35.4.8 Heavy-duty support equipment There are a few specialist towers, and Bailey bridging15 is available. For even larger loads, military trestling is appropriate with a capacity of over 2501 per tower. 35.4.9 Heavy-duty girders Bailey bridging and its modern derivatives can be used, as well as other girder systems built up from modular components, with the additional possibility of under-trussing. 35.4.10 Piles The two normally available sheet piles, Larssen and Appleby Frodingham, each come in a variety of types, accompanied by appropriate specials. For data, contact British Steel Corporation. Lighter trench sheeting, some of which is interlocking, is also available usually in lengths up to 5m. Some identical sections are sold under different names by different suppliers. For kingposts, deadmen and the like, box piles are available. In addition, some foundation piles are suitable.



35.5 Formwork (Note: BS 4340:1968 gives a glossary of formwork terms. This is being incorporated into BS 6100, section 6.5.16) 35.5.1 Purpose There are three main aspects of formwork: (1) it is important to have formwork which is of the appropriate quality, to produce both satisfactory dimensions and surface appearance; (2) it is



necessary that the formwork should be safe and that the risk of damage to people and property should be a minimum; and (3) it is important that the cost should be as low as possible. The most exhaustive textbook currently available is Formwork: a guide to good practice.11 35.5.2 Design data There are two principal loading cases in formwork: the horizontal and the vertical. 35.5.2.1 Horizontal loading For anything greater than the smallest of lifts, a proper assessment of lateral pressure is needed. This can most reliably be carried out in accordance with the tables of the Construction Industry Research and Information Association (CIRIA)



method given in Clear and Harrison's18 report Concrete pressure on formwork. This takes into account the following factors: (1) Plan dimensions. Where the dimensions of the piece to be concreted are both less than 2 m, it is classified as a column. If either dimension is greater, the table for walls should be used. Experience shows this gives too high a figure for very small columns. (2) Type of cement and admixture. There are two main classes. (3) Form height. This is the height of the form, even though concrete may not reach this height. (4) Rate of rise. The known volume of concrete to be supplied per hour is divided by the plan area. (5) Concrete temperature. This is the temperature as the concrete goes into the formwork. The tables in the CIRIA report Concrete pressure on formwork are based on a concrete weight density of 25 kN/m3.



Table 35.4 Design pressures on formwork, in kilonewtons per square metre Walls and Bases A wall or base is a section where at least one of the plan dimensions is greater than 2 m Concrete group



Cone, Form temp. height CC) (m)



Columns A column is a section where both plan dimensions are less than 2 m



Rate of rise (m/h) 0.5



1.0



1.5



2.0



3.0



5.0



10



Form Rate of rise (m/h) height 2 4 6 (m)



10



15



5



2 3 4 6 10



40 50 60 70 85



45 55 65 75 90



50 60 65 80 95



50 65 70 80 100



50 70 75 90 105



50 75 85 100 115



50 75 100 115 135



3 4 6 10 15



75 85 95 115 130



75 100 115 135 150



75 100 125 145 165



75 100 145 170 190



75 100 150 190 210
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2 3 4 6 10



35 40 45 50 60



40 45 50 55 70



45 50 55 60 75



45 55 60 65 80



50 60 65 75 85



50 70 75 85 95



50 75 90 105 115



3 4 6 10 15



65 75 80 95 105



75 90 100 115 125



75 100 115 130 140



75 100 130 150 165



75 100 150 175 190



/5



2 3 4 6 10



30 35 35 40 50



35 40 45 50 55



40 45 50 55 60



45 50 50 60 65



50 55 60 65 75



50 65 70 75 85



50 75 90 95 105



3 4 6 10 15



60 65 75 80 90



75 85 90 100 110



75 95 105 115 125



75 100 130 140 150



75 100 150 165 175



3) OPC, RHPC or SRPC with a 5 retarder



2 3 4 6 10



50 65 75 95 120



50 70 80 100 125



50 75 85 105 130



50 75 90 105 130



50 75 95 110 140



50 75 100 110 150



50 75 100 135 165



3 4 6 10 15



75 100 120 145 170



75 100 130 160 190



75 100 140 175 205



75 100 150 195 225



75 100 150 215 245



4) LHPBFC, PBFC, PPFAC or a blend containing less than Jf. 70% g.g.b.f.s. or 40% p.f.a. W without admixtures



2 3 4 6 10



40 50 60 70 85



45 55 60 75 90



50 60 65 80 95



50 65 70 80 100



50 70 75 90 105



50 75 85 100 115



50 75 100 115 135



3 4 6 10 15



75 85 95 115 130



75 95 110 130 150



75 100 125 145 165



75 100 145 170 190



75 100 150 190 210



5) LHPBFC, PBFC, PPFAC or a blend containing less than 70% g.g.b.f.s. or 40% p.f.a. 15 with any admixture except a retarder (see Note)



2 3 4 6 10



35 40 45 50 65



40 45 50 60 70



45 50 55 65 75



45 55 60 65 80



50 60 65 75 85



50 70 75 85 100



50 75 90 105 120



3 4 6 10 15



65 75 80 95 105



75 90 100 115 125



75 100 115 130 140



75 100 135 155 165



75 100 150 175 190



1) OPC, RHPC or SRPC without admixtures



2) OPC, RHPC or SRPC with any admixture except a retarder



Notes: (1) The maximum pressures are in units of kN/m 2 to the nearest 5 kN/m2. They were calculated assuming a concrete weight density of 25 kN/m 2 . Pressures for lightweight or heavyweight concretes should be calculated in a proportion to their densities. (2) The pressures in italic are outside recorded experience. The highest recorded pressures on site were 90 kN/m 2 for walls and 166 kN/m 2 for columns. (3) The tables do not include the use of concretes which contain a retarder in combination with LHPBFC, PBFC, PPFAC or any cement blend. Guidance on these combinations is given in CIRIA Report 108. (4) New types of superplasticizers have been introduced recently, referred to as 'extended life superplasticizers'. They also act as retarders and therefore relate to Concrete Group 3.



Table 35.4 sets out design pressures for OPC, RHPC and SRPC with any admixture other than a retarder. For further information, see Clear and Harrison's Concrete pressure onformwork. 35.5.3 Vertical loading The dead load is straightforward to calculate, but care must be taken to establish the type of concrete in use. The loading figures to be adopted for live loads are somewhat less certain. For concrete placed by wheelbarrow, a design load of 1.5 kN/m2 should be taken. This will also be appropriate when concreting is by crane skip, and heaping of concrete is carefully limited. With newer methods of placing, such as pumps and crane skips, care must be taken to establish that the figure is appropriate to the case. As far as deflection is concerned, this is unlikely to be a serious problem. For example, the impact loadings from a crane skip are of very short duration and it is most probable that the formwork will recover, so that any deflections are caused by the dead load only. However, the strength aspect is important. There may be other environmental loads such as wind, or the possible risk of damage from passing vehicles, which should be considered as possible loads. 35.5.4 Other cases Wind frequently produces significant load on wall formwork, and should be given due consideration. Other forces may arise from snow and ice (see also section 35.6.1). 35.5.5 Design considerations Formwork may be divided broadly into two cases: (1) vertical surfaces; and (2) horizontal surfaces. In the former, failure will result at least in local deformation requiring remedial work to the concrete. It is very infrequent amongst the failures of wall shutters that there is movement sufficient to cause damage to people working with them. However, a slab, when it fails, is often the cause of more serious damage, partly because materials and any person concerned will almost inevitably have a significant distance to fall. Thus a slightly more conservative approach is appropriate to soffit shuttering, while wall shuttering stresses may be taken a little higher. The safety of formwork may be equated more-or-less directly with its strength. One aspect of quality is a function of the deflection. Specifications call for standards of flatness over an area, normally for visual or aesthetic reasons, on occasion because something has to fit against them. It is also desirable to have the correct cross-section of concrete. Too little will result in loss of strength and reinforcement cover or displacement; too much will add to the weight. With typical formwork constructed in the traditional manner of a sheeting material spanning a comparatively short distance between framing members which in their turn span a greater distance, the question of deflections involves an analysis both of the individual deflections of individual structural components and consideration of the structural system as a whole. If a given figure is arrived at for a total deflection from the theoretical plane, part of this will be attributable to each stage of the structural system. The point which sums up the various deflections to the greatest degree (note that this is not a straight arithmetical addition) should be at the maximum deviation figure permitted. However, the shape of the whole area is important. If a flexible sheeting is used in conjunction with closely spaced framing members, concrete can result which is markedly rippled but still within the overall tolerance. In addition to the straight dimensional tolerance provided, it is usual to limit the deflection to a fraction of the span between the supporting members. This



figure should be 1/270 or, if the quality of the work is particularly important, somewhat smaller. It should also be noted that, particularly with timber, there is a reserve of stiffness in almost all cases and so the theoretical deflection is seldom likely to be reached. 35.5.6 Concrete finish The other main aspect of quality is the actual surface finish. Concrete is an amorphous material which will mould itself relatively easily to the shape of the containing mould, although certain characteristics (sometimes regarded as blemishes) will always be present in some degree. The most difficult to eliminate is the blowhole. This is because the air mixed in to the concrete cannot get away but is worked to the edge of the concrete by the compaction and frequently remains at the face of the shutter. One method which helps to avoid this is to have a shutter surface of absorbent material, although this will produce another characteristic variation in colour. While concrete has a given colour in given circumstances, these circumstances do not remain sensibly constant. The absorbency of the formwork, differing pressures of the concrete, variations in the actual constituents of the mix from batch to batch and varying compaction will all lead to differently coloured patches on the face of the concrete. It is difficult to eliminate these completely, though the use of impervious shutters tends to even-up the colour. However, a high gloss finish on the forms such as plastic may create a further problem of dark markings on the concrete. It will thus be clear that it is difficult to have formwork which will give a very smooth concrete, an evenly coloured concrete and a concrete free from blowholes. The problems of surface finish are discussed at more length by Monks.1*"23 While the above discussion relates to a typical piece of concrete against a typical shutter, it is necessary to have joints between one day's concrete and another and between two pieces of formwork which will be dismantled and re-erected on a subsequent occasion. Both of these give rise to variations in the appearance of the concrete. There may be a leakage at the shutter joint, albeit very small, which will change the mix locally and so create a difference of colour. There may be a physical step on such a joint because the formwork was not aligned with enough accuracy. In general, these are natural characteristics of the concreting process. In accepting this basic difficulty, many designers take advantage of it by designing the appearance of the concrete so that these minor disabilities are turned to advantage. For example, along joint lines, a fillet is fixed to the face of the formwork, thus creating a groove. If there is a step, or a discoloration, it is inconspicuous by comparison with the groove and the arrangement or pattern of these can be designed so that the appearance of the structure is considerably enhanced. Apart from a straightforward patterning as suggested above, modern plastic materials in particular can provide shaped, textured or patterned concrete, which can provide an alternative way of making the concrete appearance an adjunct to the structure. This is discussed, along with a number of other approaches to surface treatment, by Gage24 in the Guide to exposed concrete finishes. The present state of the art does not admit of precise statements on a number of these points. For example, the effect of different mixes and different materials for the mixes will vary the incidence of dark markings and the tendency to leak through a shutter, but there is as yet no known and accepted index to either of these. 35.5.7 The form face To ensure the satisfactory detachment of the form from the



concrete, a release agent is applied to the face before concreting. This is usually an oil, which serves to prevent the concrete physically sticking to the form face. Various types of oil gave different effects and reference should be made to Monks19"23 for information. A chemical release agent acts by actual chemical combination with a very thin layer of the outer skin of the concrete to ease stripping, thus reducing damage to shutter face and concrete alike. Claims have been made that the use of various materials eliminates the need for a release agent; but in all cases a release agent increases the life and makes it easier to strip. Plastic is the most likely material to be acceptable without oil but there is usually a build-up of laitance. For steel, a suitable oil is essential to reduce rust. With timber or plywood, it is often appropriate to paint on a coating to make it more durable before applying mould oil. Provided that the dry and clean application conditions needed to ensure its effective adhesion exist, polyurethane paints give good service, prolonging the life of the face. Many paints react with the alkali in concrete, and these should not be used.



(4) Stripability, Many items of formwork have to be set up in re-entrant situations and it is essential to have a design which can be stripped without damaging the formwork and which is not excessively time-consuming. (5) Cost. The sum of the costs of forming an area of concrete are made up of, firstly, the cost of providing the formwork. This is usually the cost of buying or making the equipment, but in some cases it may be hired. The second part of the cost is the labour in erecting, stripping, cleaning and carrying forward to a later use. The cost of any expendable components such as form ties is the final part. It is essential that the total of these three is kept to a minimum. In today's rising-price situation, studying the labour content carefully will repay effort best.



35.5.8 Basic philosophy



35.5.8.2 Construction joints No formwork is required for a horizontal joint but vertical joints in slabs and walls present considerable difficulty. The traditional approach is to use timber or plywood cut in small pieces to surround the projecting reinforcement. This is tedious, though it is not normally necessary to make a very concreteproof shutter. In many cases a slot at the level of the reinforcement is acceptable. Expanded polystyrene can also be used. An alternative method is to use a suitable type of expanded metal set on a timber frame. This can be used in slabs or walls of considerable depth, and the leakage through the material is very small. If it is carried right out to the edge of the concrete member, rusting on the surface is almost inevitable.



The basic design and planning of formwork should take account of the following points. (1) Strength and stiffness. The whole structure must be such that there are no weak links, ideally no over-strong sections, and the material content is at a minimum. (2) Repetition. In general, formwork will be used a number of times, in straightforward designs in a precisely repetitive way. Elsewhere, components of the formwork may be reerected in a different way. As the capital cost is often a considerable part of the total cost, repetition always requires careful analysis, to reduce the total amount of equipment. (3) Durability. As formwork is expected to last, owing to its cost, careful consideration should be given to using materials that are reasonably durable so that the complete assembly can be used and handled without undue wear.



Figure 35.3 Vertical and horizontal formwork being erected



35.5.8.1 Details The success of formwork schemes depends on the basic scheme. But failure to cope satisfactorily with any of the details may cause much trouble.



35.5.8.3 Kickers To build a wall or the like on a slab, it is possible merely to stand two shutters on top of the concrete. Two main difficulties arise:



(1) the slab is most unlikely to be sufficiently flat to provide a seal at the bottom of the shutter and grout will leak out; (2) the location and thickness of this wall will not be reliable, as the least knock will move the shutters from the position in which they were set up. To get over this problem, it is usual to cast a small height of structure of the same cross-section, between 50 and 150 mm high, called a kicker. This can be cast with the slab below, or alternatively may be cast-on afterwards, generally enabling greater accuracy to be achieved. Where it is felt more desirable to ensure that the wall above the slab is directly over the wall below, rather than being in the correct theoretical position, a kicker device based on the wall below has a considerable advantage. This may be done by making precast blocks which can be set in the top of the shutter below, acting as a spacer to the shutters, and projecting sufficiently high so that when the wall above is to be cast it will act as a spacer at the bottom of that wall. It may be desirable to use this line of blocks to suspend a pair of timbers to form a separate in situ kicker. Where slabs are fairly accurate, it is practical to place timbers outside the wall shutter, and nail these down to the slabs. 35.5.8.4 Voids There are a number of occasions where a completely enclosed empty space is required, and this problem gives scope for considerable ingenuity. Where it is cylindrical, proprietary products are available in expanded polystyrene or sheet metal. It is imperative that adequate steps are taken to tie them down, as the buoyancy is considerable. Where the space is rectangular it may be possible to obtain a suitable cardboard void former; alternatively, light timber may be used. When the void is deep, it will often be sensible to cast the concrete in two lifts. Thus, all formwork but the soffit will be recovered. Asbestos cement sheet and its substitutes are useful soffit material; the makers should be consulted for data on strength. For voids, the design criteria may be relaxed somewhat, as clearly the aesthetic consideration does not apply. 35.5.8.5 Top shutters It is required in clause 15(2) of the Standard method of measurement of building works15 that surfaces at an angle of more than 15° to the horizontal shall be formed with a shutter. However, this is a somewhat arbitrary requirement, because the various considerations may produce other sensible answers. The factors concerned are: (1) the angle of the slope; (2) the concrete mix; (3) the thickness of the slab; (4) the amount of reinforcement; and (5) the degree of accuracy of the surface required. In some cases, it is possible to construct a slope at an angle as steep as 60°, and in the case of gunite this can go to beyond 90°. Where a top shutter is felt to be necessary, it is essential that it is both supported off and tied to the lower shutter and designed for the full theoretical hydrostatic pressure. An alternative approach is briefly described in section 35.5.10 on sliding formwork or slipform, below. 35.5.8.6 Curved shapes From a structural point of view, the circle is an ideal shape. For example, a circular column form can be designed in pure tension, provided it has enough stiffness for handling. Any kind of curved surface provides a stiffness greater than the equivalent plane one. It is fairly straightforward to use traditional materials for parts of a cylinder, but forming three-dimensional curves is more difficult. Boatbuilding techniques can be applied to them but, in many cases, the advantage of plastic which can be moulded is paramount. While plastic is a very flexible material, this only matters when it is being used in a situation



where bending is important. When used in tension the movement is not of significance. Thus reinforced plastics can be used to good advantage in forming cylindrical shutters and also in forming more complex shapes. Circular column shutters are also made in steel. 35.5.8.7 Stripping The removal of the forms should only take place when the concrete is strong enough. For sections which carry their own weight, the strength required will be considerable. But for other cases, it is merely necessary to consider accidental damage, wind and frost. Harrison26 gives figures which give security, based on information about the actual circumstances of the case. Forms which are left in position will aid curing.



35.5.9 Particular types of formwork 55.5.9.7 Walls In the typical wall, it is necessary to have two form surfaces which are held rigidly at the required distance apart. The reaction from the concrete pressure on one side is normally taken by means of form ties through the concrete to the opposite face which is thus balanced. This tie will usually act as a spacer so that the shutter can be set up accurately in the first place. There are a variety of methods within this broad idea. The initial subdivison of wall types is based on handling. It may be that traditional methods are in use in which case it will be man-handled; alternatively, a crane may be available to lift the shutter in relatively large pieces without fully dismantling it. As an alternative to this, some form of wheels or skids may be provided if the form is moving in a horizontal plane. Where the form is to be crane-handled, it is practical to use relatively large structural sections and thereby reduce the number of form ties considerably. This has the effect of reducing labour. On the other hand, where man-handling is essential, the form must be dismantlable into fairly small and light pieces, and it is then more practical to have lighter form ties connecting the two forms at many more points, and thus eliminating the need for heavy structural members. Inevitably, this leads to a somewhat higher labour content but the capital cost will be less. In addition, it is much more versatile, as the components can be built up differently for each successive use. The conditions applicable to the problem in hand will dictate which is the more sensible solution. The actual forms may be of basic materials, or proprietary equipment or a combination of both. Proprietary equipment is particularly suitable for the piece small approach, but such components can also be assembled into a large form, to be employed as a single unit for a number of uses. The piece small approach almost inevitably leads to a patterning on the concrete from the individual components that is fairly small. This may be acceptable, or considered desirable, but there are other occasions when large unmarked areas are needed. In these cases the crane approach permits fabricating a form which will remain as a unit with satisfactory joints over a period. Where a wall has to be waterproof, it is very desirable that any form ties have a part cast into the wall and lost to further use. This reduces the risk of leakage which inevitably arises when a number of open holes have to be sealed after the removal of the forms. Occasionally it is required to fix a disc on the tie to lengthen any possible leakage path, but the value of this is not undisputed. If possible, avoid tie-holes and their problemsaesthetic and waterproofing - by tying above or outside the concrete.



35.5.9.2 Columns Where forms to a vertical structural member can be tied round the ends, from the construction point of view the member is a column (see Figure 35.4). The problems of tying through the concrete disappear, and all the equipment is reusable. The typical solution is the use of column clamps which are available from numerous manufacturers. For smaller columns the use of steel strapping is also a very satisfactory solution. Larger columns are frequently constructed using pairs of soldiers tied at their ends, but often special equipment is designed and fabricated for this purpose. For repetitive columns, two-piece cranehandled shutters with permanently attached access and plumbing devices are appropriate.



35.5.9.3 Soffits The form surface needs a support. This comes either from the ends of the span which will subsequently support the slab itself, or through a number of propping points from the floor or ground directly below. The former solution has obvious structural advantages, the disadvantages being that the formwork itself is often rather flexible and so the quality of the soffit may be poor. If the span is large, the cost of providing and handling the centring beams may be considerable. While the actual surface of a soffit shutter in the past was timber boarding and in Europe is still often specially formed timber panels, in the UK plywood or ply-faced panels are the most favoured methods. In the case of plywood, the support



19 Ply (face grain horizontal)



32 X 75 mm horizontal nogging (at top, bottom and intermediate ply joints) Studs (32 mm X various widths) Column clamps (size 1 or 2)



Standard props - four per column, wedged2 under batten fixed at /3 height of column



Bottom clamp



Not to exceed 1/2 X space between bottom clamp and one above (150 mm min) Figure 35.4 Rectangular-column formwork using plywood face, suitable for fair-faced work. (After Powell (ed.) (1979) House builder's reference book. Butterworth, London)



may be timber beams of either one or two layers, supported in turn on props or scaffold from below, or perhaps some form of centring beam supported by the walls (see Figure 35.5). For panels, similar support may be provided but in most cases the suppliers offer a system of support designed to work with the panels, providing a low-labour method of assembling and dismantling. Another variant is the use of table forms or flying forms. This is the term given to a unit of formwork, comprising an area of soffit, complete with its supports. In a tall building these are invariably handled by crane. They are pushed to the edge of the building after lowering on to wheels, or dropped and skidded out. The crane is then attached to them by slings or preferably by a lifting hook device, and they are lifted to the new position. In buildings with a large floor area they may be pushed to the new position on the same level.



manually operated but this has now almost completely been superseded by a mechanically operated jack, normally from a central hydraulic supply. The form itself should have a smooth face to the concrete and be set up so that there is a very small taper from bottom to top, preventing the concrete from being caught in the shutter and dragged up with it. The access to the job is obtained from platform or platforms at the level of the top of the formwork, and carried on it. Forms are connected across spaces in the structure, e.g. the bin of a silo, by a framework which doubles as the support for such a platform. In addition, platforms are suspended below, so that as the concrete emerges from the forms, it may be inspected and, if necessary, smoothed over to present a more uniform appearance. It is normal to use a concrete of fairly high strength, with a high cement content. This helps the workability, so that the compacting of the concrete presents little difficulty, and lubricates the form so that it slides more easily. It is usual to operate 24 h/day, climbing from 75 to 500 mm/h. More information is given by Hunter27 in Construction with moving forms and in standard textbooks on formwork.28'29 A number of firms specialize in providing the equipment and the expertise.



35.5.10 Sliding formwork or slipform The use of continuously moving formwork is applicable to any structure of constant cross-section and appreciable height30 m or so. While the traditional application of sliding has been to the strictly constant cross-section, tapered structures have been successfully formed, and those with changes in crosssection at one or more points in their height. The system is most suitable for structures with a simple outline and so any such complication must be carefully assessed.



35.5.10.2 Pros and cons A structure built by sliding normally has no horizontal construction joints. It will be built in a fraction of the time required for conventional construction. Unless some subsequent treatment makes it necessary, there need be no conventional scaffolding. There is a saving of overheads due to the rapid construction and the whole exercise catches people's imagination, with consequent benefits. Against this is the need to organize gangs to work on two shifts, and the availability of expertise and competent management to ensure success in the operation. If the height is not large,



35.5.10.1 Brief description Instead of having two shutter panels held together with ties, they are located with a framework over the top of the shutter called a yoke. Fixed to the centre of each of these yokes is a jack and this jack operates by climbing a rod or tube through the middle of the wall. Traditionally, this jack was a screw-jack
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For beam sides up to 150 high a triangular block can be used (as shown above) instead of the birds mouthed strut Detail showing alternative strutting where timber joists are supported by the shutter



Figure 35.5 Small beam formwork. Where the stripping of the side shutter will not precede the stripping of the soffit, the packers below the beam sides should be omitted. All dimensions are in millimetres



the cost of making and setting up will not be offset by the lower cost of operation, though a succession of low structures may be viable. Because it is essential to preplan much of the work, especially services - instead of dealing with it in the traditional hand-to-mouth manner-time may not permit its use. 35.5.10.3 Variants A comparable technique is used for concrete roads, but it can also be used to advantage on slopes. In this case, winches are used to pull up forms, which are weighted to resist the concrete pressure.



35.6 Falsework This is the subject of BS 5975.8 It is temporary support work in construction, needed for some part of the structure until it is capable of supporting itself. This might be wet concrete, precast units or steelwork. The basic requirement for the design is to carry the loads and forces down to a firm foundation. Where practical, this will be the foundation of the ultimate structure, but there will be many cases where such an arrangement is not



Figure 35.6 A straightforward falsework arrangement



possible. An introduction, primarily for site engineers is given by Wilshere.30 35.6.1 Loads The dead weight which falsework must support is straightforward to calculate. But care must be taken to consider the sequence of loading and to include in the calculations all the other loads which may occur. These are shock loads due to placing the item, the use of machinery on top of the falsework, e.g. a dumper truck delivering concrete, or a crane placing the next unit, and other environmental loads, such as wind. While the accuracy of loads is known more precisely than is typical in a permanent structure, as the time concerned is so much shorter, the care with which people treat such a structure is very much less, and the unexpected is more likely to happen. Normally, lateral concrete pressure is not supported by falsework, but sometimes it is necessary to arrange the falsework to act as a tie between opposing form faces above.



35.6.2 Stresses There are many different circumstances in which falsework may



be used. These differ not only in the order of magnitude of the loadings, but in the approach taken to the design and construction. In the ideal case, where the complete design is carried out in full detail, and the site supervision ensures that it is constructed exactly in this manner, it is possible to use stresses greater than those used for permanent construction. Conversely, where design work is sketchy and supervision not overefficient, it is desirable to use stresses lower than those adopted in permanent work. Basic design stresses are to be found in the various codes of practice but except for timber - BS 52687 guidance for any possible variations is not given. 35.6.3 Typical construction Falsework may be constructed out of any of the usual materials as used in a permanent structure. For vertical loads, where any horizontal load is a small part, tubular scaffolding may be employed to advantage. Where leg loads in excess of 3 t are required, there are other specialized towers available as well. Bailey bridging on end or military trestling may be used. Box piles or other structural-steel sections are appropriate, but their secondhand value is not good. Other constructions may be made of brickwork or concrete, and on occasion the ground itself can be used. In the past and today in timber-growing countries, wood forms an ideal shoring material. Where the falsework spans horizontally, steel joists are very suitable, and proprietary adjustable beam units are available in various sizes. Falsework often comprises a structure set upon a foundation built by a different group of people and supporting in its turn the components of the permanent structure. Where more than one group of people are involved, it is particularly important that the responsibility of each is clearly understood by the other. For example, the foundation for falsework can only be designed satisfactorily when exact information on the loadings is available. This is important as the foundation is often the least satisfactory part of a falsework structure and to improve its bearing capacity involves considerable expense. Similarly, at the top of the scaffold or falsework, the arrangement in detail of how the load is to be supported is of very considerable importance and is a point where failures have occurred in the past (see Figure 35.6).



35.7 Handling and erection of precast units The advantage of casting concrete other than in its ultimate position is well known, but this leads to the problem of handling it. Where a unit weighs more than 20 kg, and today this may reach 30001, there is a need to consider techniques for moving it into position. The mechanical equipment may include cranes, sticks, gantries, rollers and sliding ways. The range of units will include blocks, beams, columns, cladding panels and walls. The problem, apart from appropriate design, is that the industry has been handling this type of unit for a relatively short time and there is no traditional approach or 'feel' for it. All too often the labour which is asked to deal with it is comparatively inexperienced. 35.7.1 Moving units Where units can be slid or rolled into position they do not need to be crane-handled; jacks underneath can be arranged to do all the necessary vertical movement. The horizontal ways may be bullhead rails with steel balls or well-greased timber. But cranes or gantries may well be needed to handle some items. Because the capacity of cranes falls off rapidly as the radius increases, it



is sometimes convenient to use two cranes. Effective co-ordination between two cranes is very difficult, so schemes which involve moving the cranes under load should not be used. To connect the concrete item to the lifting device requires some form of equipment. Ideally, this could consist of slings or a forklift device as both of these would be easy to attach to the unit and require no special provision made in the unit itself. But often it is difficult to set the unit down. A traditional approach is to cast loops of reinforcing steel projecting from the top of the concrete and connect to them the hooks of a sling with two or more legs. Steel should be notch-ductile, which is difficult to obtain in small quantities. An alternative method is to put pins of appropriate diameter horizontally through the unit, usually in conjunction with suitable yokes. If a single pin is used, a column can be up-ended ready for placing. It may be necessary to have some form of anchorage cast into the unit, e.g. a screwed socket. While this provides a neat appearance in the finished structure, threads are relatively unsatisfactory in this type of work. It is very difficult to keep them clean and thus the thread device which will connect to the crane may not be screwed home properly. The bolt threads wear. A strictly limited number of sizes - ideally one - should be used on any one site. Various special devices can be made for lifting items and there are a number of specialized proprietary items available. The width and shape of the unit may well limit the types of fixing which can be placed in it. Any cast-in metal work on a unit to be exposed to the weather is a potential source of rusting or staining. The initial decision should always take this into account and any metal work should either be adequately protected by galvanizing or be of a nonstaining nature. Alternatively, they could be protected with mortar to prevent the weather causing trouble. Holes in the top of the unit may well fill with water and freeze in cold weather, with the risk of splitting it. 35.7.2 Lifting gear The gear which goes between the unit and the crane is a piece of lifting equipment. Because of this it must be tested to comply with the Regulations2 and the certificate must be available. The test will normally be an overload depending on the total weight, varying from 10% at a large load to a double load at 11. Guidance is given in the Docks Regulations.3 In addition to the initial test, there is a need for continuing inspection, and the Regulations lay down the minimum. However, badly treated equipment can very quickly become unserviceable and dangerous. If a unit can be picked up at a central point, it is a convenient arrangement requiring virtually no lifting gear. But usually units have to be picked up from points near their ends. Similar points of support must be used when they are put down temporarily. If slings are used, the unit will act as a strut. This is clearly advantageous as the cost and weight of a separate spreader beam is eliminated, but the unit may not be strong enough. Where it is not very obvious, the top of a unit should be so marked. In many cases inverted lifting will cause overstressing or immediate failure. In the design of all lifting gear, careful consideration must be given to ensuring that all the parts will mate with one another. For example, a large crane will have a large hook which will not go through the ring of size appropriate to the chain sling in use. This will normally be solved if the crane driver has acquired some large shackles but it can prove very embarrassing. Always mark units to be lifted with their weight. 35.7.3 Erection Many units are completely stable when placed in position.



Where tall units are being used, it may be possible to balance them on edge but they could be dangerous. This is a situation which is not obvious, as a concrete unit looks very solid and stable. Thus, units should not be released from the lifting gear unless it is certain that they cannot fall. It is normal to use a push-pull prop to give stability. An anchorage will be required in the floor or ground at one end and a fixing in the unit itself. The actual placing of the units will normally be on shimsthin steel or plastic plates of various thicknesses to build up the required total thickness. After positioning, the gap will then be filled with a nearly dry mortar packed hard to take the weight of the unit down to its support. In some cases stressing may be used to make vertical units secure but until they have adequate strength in themselves, the prop should not be removed.



35.7.4 Damage This may occur because crane drivers are not careful. But it is also caused by poor lifting schemes and badly detailed arrangements. Pins in holes must be designed not to impose a load at their extreme ends. Fixings only suitable for a direct load must not be used for an angled pull. The handling of units may involve turning them from a horizontal to a vertical position, as it is often much more convenient to transport them from the casting place to the point of erection flat. It will normally be necessary to arrange that the bottom corner about which the unit turns should be placed in a bed of sand or a turning frame. It is very difficult for the crane driver to lift so that the heel does not slide as it is raised and this could cause damage to the unit and to anything on which it slides.



35.8 Access scaffolding In the UK the Regulations1 made under the various Acts make two principal requirements for scaffolding: (1) a safe working place; and (2) a safe means of access. The main contractor has an overall responsibility for scaffolding but it is also the duty of each employer to satisfy himself that it is in an appropriate condition before he sends his employees on to it. Although the erection may be subcontracted, the responsibility cannot be so simply delegated. A weekly inspection by a competent person is required by the Regulations partly because scaffolding is equipment which all construction operatives feel capable of adapting. Thus, the careful examination of it at frequent intervals is highly necessary. The design and layout of scaffold falls into two headings. It is necessary to have sufficient space on them and sufficient convenient access, so that the operations to be done from them may be carried out quickly. Certain minimum platform widths are laid down in the Regulations referred to above. Secondly, it is necessary to design the scaffold to cope with its own deadload and the liveload of the construction traffic, windloads, and any other environmental loads. While this is frequently done from tables for simple scaffolds, it is necessary on large scaffolds to do calculations. The stability of such a scaffold will almost invariably depend on support from the structure being constructed or maintained. Ties are fixed to it, for tube and fitting scaffold, at not more than 8.5m spacings in both horizontal and vertical directions. It is essential that where ties have to be taken out temporarily, other ties are put in instead before this happens. Information is now available in Guidance Notes5 produced by the Health and Safety Executive on some aspects and there is a works construction guide on access scaffolding.31



35.8.1 Types Many scaffolds in the UK are constructed of tube and fittings, although more are now being built with proprietary modular scaffold, often called unit scaffold. Timber scaffolding was in use for many centuries, and the terminology has largely been derived from it. In the design of scaffolding it is usual to assume that the scaffold has pin joints, and that any stiffness they have does not materially strengthen the scaffold. When this is so, diagonal bracing is used on all scaffolds irrespective of size. An advantage of the unit scaffold is the reduction of labour. It is possible to erect such scaffolds quickly, but the material costs are greater. Where a building is being constructed of brick, or stone, a putlog scaffold can be used. A single set of standards supports the outer ends of putlogs, whose flattened inner ends rest in the brick joints. But most scaffolds are independent, using two sets of standards to support the decks. These are not truly independent as they rely on the ties described above. Information on tubular scaffolding is given in BS 5973:198132 (Tables 1 and 2 and Figure 1 of that document). For maintenance or where the frame of the building is built rapidly, e.g. in steel, a suspended scaffold is used. While such scaffolds have traditionally been manually operated, there are now power-operated models available. Comparable suspended scaffolds are provided for window cleaning operations. Information may be found in BS 5974.33 There are now many tower scaffolds, particularly for use indoors. These are typically made of aluminium and are mobile. Almost all comply with BS 1139:1983, Part 3.34 The term 'scaffold' is usually taken to mean a static arrangement, as described above. But there is an ever-increasing range of alternatives of a mechanical nature. These include hydraulic platforms, scissor platforms, and mast-supported platforms. They may be an economic alternative because they are in use in one location for only a short time. Because of the ability, particularly of the hydraulic platforms, to reach awkward places, their high cost can be quite acceptable.



35.9 Temporary excavations A great deal of construction work takes place below ground level. This may be done by digging a hole with sloping sides; by making these sides vertical less excavation is needed; however, in some cases adjacent buildings prevent the open-cut approach. Where the ground is not good rock, some form of sheeting and a supporting arrangement may be installed to achieve this. Traditionally, such sheeting was supported by a maze of struts either raking to the floor of the excavation or spanning across to the other side. Invariably, such an arrangement obstructs construction, making it more tedious and expensive. Modern trends in excavation of such holes tend toward providing a completely free working space by the use of anchorage systems in the ground immediately outside the excavation. While digging such holes is the contractor's responsibility, and normally it is up to him to propose and carry out the method, there are many cases where an integration of the ultimate structure with the temporary problem of support to the sides can produce a much better solution. There are many modern examples where either the design ab initio has assumed that the structure will form part of the temporary support works as well as becoming the permanent structure in the long term, or where the contractor has decided to adopt this approach and the necessary modifications to the structure have been possible.



35.9.1 Materials The structural framework for groundwork supports divides into three parts: (1) The sheeting. (2) The framing directly supporting individual sheets. (3) The members at right angles to the sheeting which carry the reaction from the earth to some point where it is contained satisfactorily. Consider first the sheeting. The traditional material is timber planks 37 to 75 mm thick, and this is often the most satisfactory material to use. Additionally, today steel trench sheeting is used as well as interlocking steel sheet piles. For small jobs, timber is preferred, for big ones, sheet piling. Timber is often in short lengths of 900 to 1200mm fixed vertically. Trench sheets and sheet piles are also fixed vertically, trench sheets being normally in the range 2 to 6 m, whereas piles may be longer, up to 13 m. Where necessary another section will be welded on to create an even longer pile. The limitation of pile size is often a function of the difficulty of driving. Depending on the type of ground encountered and the type of hammer a lighter or heavier section will be appropriate. The framing, either horizontal or vertical members supporting the sheeting, may likewise be of timber, traditionally 225 x 225 mm, 300 x 300 mm or larger. It may be rolled-steel sections, box piles and, on occasion, precast and in situ concrete beams. The choice of these depends upon availability, weight, the size of the job and the strength required. In addition to this approach, concrete diaphragm walls are often used today, becoming part of the permanent structure and being both sheeting and framing in one single structural unit. While the diaphragm wall has considerable strength and possible height, it is normally constructed in very short lengths of not more than 6 m, whose joints are typically articulated and thus can carry no moment. The support to the diaphragm wall must take this into account. There are more elaborate methods, which permit moment to be carried. Another approach is to drive a series of soldier piles. If these are placed in prebored holes, the noise of piledriving can be eliminated. Horizontal members are then placed between them as excavation proceeds. While such soldier piles are normally steel, they can also be concrete, e.g. bored piles. If these are bored to touch each other or intersect (secant piling), a complete wall can be built though it will require walings and supports unless it can be designed as a cantilever. The loads created by the ground are taken through the sheeting and framing to some reaction member. This may be any of the materials which have already been described. In some cases an arch or ring effect is created with a part or whole circle of piles. A very useful modern development is the ground anchor drilled into either soft ground or rock and providing significant holding power, with no interference whatsoever with subsequent operations (see Figure 35.7). This is very similar to the older method of using a 'dead man', in which an anchorage such as a large block of concrete or a pile or two is put some distance back from the face and a rod ties the sheeting back to it. Useful information for designing with sheet piling is given in the British Steel Corporation's Piling handbook.*5 35.9.2 Typical problems-a trench The large number of trench accidents, in which men are killed and hurt through the sides collapsing, is all too well known. The treacherousness of any ground must not be underrated. In a trench, the traditional approach with hand digging is to use



vertical timbers which are let down rather than driven as a trench is deepened. Individual boards are wedged from the walings to ensure they are tight against the ground. Where the trench is greater than the length of a single plank, a stepping arrangement is required whereby the lower part of the trench is narrower than the upper; alternatively, the planks slope outward as they go down. A waling is normally provided inside the sheeting, and pairs are strutted apart across the trench. When complete this forms an ideal arrangement, but the process of reaching this situation during modern mechanical excavation often leaves room for considerable improvement in safety. Various minor differences on this theme involve using trench sheeting as the facing material. In some cases it is not necessary to have the boards touching each other and individual pairs of boards may be propped apart. It is normally necessary to prop at more than one level, though with short boards of perhaps 1 m only a single line of props may be adequate. Trenching has been an art rather than a science. But attempts to codify existing experience and to relate it to a more engineering approach have been made and resulted in a report on trenching practice by Irving and Smith36 which provides guidance for much of the range of trench work. As an alternative to the traditional techniques, there are now available a number of trench-support devices. One class comprises a frame which is used to support the area being dug, and is big enough to enable pipelaying to be carried out safely. It is dragged forward as work proceeds. There are also several designed to remain unmoved until no longer needed, thus permitting a length of trench to be kept open safely. 35.9.3 Wider excavations A trench is normally dug to construct a pipeline or duct but it may also be used to construct the retaining wall of the building. Once this is constructed and stable, the remaining earth on the inside of the structure can then be simply dug away. Constructing such a retaining wall in a trench which has many struts is time-consuming. It may also present problems of watertightness and quality on the face of the wall. As an alternative, wider excavations will often be chosen instead of a trench. In this case, sheet piling may be driven before excavation commences, or timbering or sheeting placed as it is in progress. The support necessary to retain these will be provided by a raking shore system to the foot of the excavated hole, or by the ground anchor method mentioned above. The ground anchors will be installed as the excavation proceeds, as soon as it is possible to have access to the points on the piling where these are required. In some cases the traditional kingpost solution will be appropriate, where horizontal struts are carried from one side of the excavation to the other but at least at one intermediate point they are supported by a vertical post fixed in the base of the excavation. It is essential to anchor this post down, as otherwise if it rises owing to any lack of horizontality in the struts, the entire cofferdam will collapse. With a diaphragm wall, the same general considerations apply. As this will invariably become part of the structure, it is often appropriate to use the floor beams of the ultimate structure as the strutting holding it in position while the building is constructed. Where access to the surrounding ground is possible, ground anchors are advantageous. 35.9.4 Loads The design of works such as these requires consideration of the earth pressures, active and passive, because in many cases the



Figure 35.7 Ground anchors permit the clear working area shown in this picture toe at the bottom of the sheeting is a significant part of the support. Any superimposed load which exists adjacent to the excavation must be assessed. For example, a building may already stand beside it, or it may be possible for heavy lorries to drive along close to it delivering goods to the site. The presence of water must be taken into account. While it is often difficult to make sheet piling waterproof it is equally unrealistic to expect wet conditions on the assumption that the piling will leak. Where there is water such as a river, the situation is clearly simpler, though consideration should be given to any shipping knocking the sheet piles. A large ship cannot be expected to be resisted, but where this is a risk, additional fenders may well be used to give the cofferdam some protection. Another factor which must be taken into account is temperature change. This question has been raised on many occasions but there are no recorded cases where this has produced any significant problems. Undoubtedly, the temperature range



between extremes can be considerable, but this is taken up in elasticity of the struts and of the ground at the ends. Where conditions are extremely cold, the earth behind the cofferdam may freeze and create problems.



35.9.5 Newer approaches Even with the best-devised schemes for digging out a hole and then building the structure within it, the time involved is great. If any part of the temporary work can be part of the permanent, time is potentially saved. This can be both the outer face against the earth and the strutting. It is also possible first to construct the piles for a building, designing the upper parts as columns, build the ground floor on these, and then construction proceeds both upwards and downwards simultaneously. In this case, the piles become the basement columns of the permanent building.



35.9.6 Water Sheet piling is fairly watertight and is quite effective in keeping water out in normal ground conditions, though the possibility of blowouts should be checked. With a small amount of waterproofing it can be satisfactory for temporary works in a river or the sea. As an alternative to sheet piling, a pumped dewatering system may be put in, chemical treatment can be used or, where expense is little object, freezing can be adopted. In all cases, the pressure from the water must be taken into account in the design.
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