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37.1 Introduction Concrete in its simplest basic form consists of a mixture of cement, sand, stone (aggregate) and water. Its rapid development in this century has made it one of the principal construction materials in use throughout the world. The Romans have left evidence of their skill in making an earlier form of concrete in the remains of buildings such as the Pantheon in Rome, although evidence of the use of concrete goes back to well before Roman times. The production of the world's first Portland cement dates back to 1824 when Joseph Aspdin of Leeds took out a patent on the cement he had produced. This cement was formed by heating a mixture of finely divided clay and limestone or chalk in a furnace to a temperature sufficiently high to drive off all the carbon dioxide. He called it Portland cement because he thought it resembled Portland stone in colour. Since then, there have been many developments in the manufacture of cement and modern Portland cement is now made to high standards in most parts of the world. Although concrete usually has a reasonably high compressive strength, it always has a relatively low tensile strength. Steel reinforcing bars are therefore generally provided in structural concrete to take the tensile stresses which occur. Hence the term 'reinforced concrete' which is in general use.



37.2 Concrete production 37.2.1 Storage of aggregates Except in those cases where the components of concrete are readily available at short notice from stockpiles at pits and quarries, ground or bin storage of at least several hours' supply of all materials is called for. In some cases, where concreting operations are concentrated into a relatively small proportion of the total contract time as, for instance, in concrete road construction, the building of large stockpiles adjacent to the batching plant will normally be required. The equipment required for building and drawing from these large ground stockpiles is expensive and the planning of site operations must be directed towards achieving a sound economic balance between the rate of consumption and the rate of supply. It is essential to avoid ground storage of excessive amounts of materials at batching plants and to rely, as far as is possible, on current production from a number of pits and quarries. For concretes where the standards of control required are high, provision must be made in the vicinity of batching plants for storing at least two sizes of coarse aggregates and, generally, two days' supply of fine aggregate. This latter requirement stems from the fact that fine aggregates, which are normally washed, can contain up to 15% water which will drain away at a fairly rapid rate, allowing the moisture content to stabilize at a much lower figure over a period of perhaps 24 h. Large stockpiles should be so constructed that segregation of the larger fractions from graded materials, which could cause embarrassing variations in the overall grading of the concrete aggregate, is avoided to the greatest extent possible. Where large stockpiles of coarse aggregates are to be built, consideration should be given to the use of controlled tipping of lorry loads. Segregation of the coarser fractions of sands from the finer is not normally a major problem since the moisture content of the whole will be sufficient to prevent particle separation. It is always desirable and will often prove economic to provide adequate paved areas, laid to falls, round the aggregate stockpiles so that access to and drawing from them does not lead to contamination by dirt from the site. It could happen that the



loss of aggregate into the ground beneath the stockpile exceeds the cost of providing sufficient hardstanding for aggregate storage. This paved area will preferably extend well outside the range of any stockpile reclaiming devices and give clean access to, and room for, manoeuvre round the stockpile. However, it will not normally be necessary to pave right up to the batching plant since with most reclaiming units there will be a certain amount of dead storage which is not removed until concreting operations are virtually complete. A requirement of any binning arrangements made round batching plants is that their walls should be built high enough to avoid overspilling of one grade of material into another; it is also necessary to ensure that overfilling, which leads to spillage and mixing of different grades of aggregate, does not take place. It is quite often required that concretes be made from aggregates with special properties, e.g. lightweight (for lowdensity concretes used for better thermal insulation and lower structural weight) or heavyweight (used for such purposes as radiation shielding to nuclear reactors). Rather than complicate binning arrangements round batching plants used for the major part of the concrete it may be found advisable to use a separate batching/mixing plant of sufficient capacity to meet the requirements of the special concrete. The sizes of stockpiles and the rates at which materials will need to be taken from them are matters which will need to be given proper consideration by job planners and site management. Among the types of equipment most frequently seen operating in Britain are: (1) Ground hoppers fed with materials drawn from stockpiles by, for example, forward-loading shovels and transferred thence by conveyor belts to short-term storage bins above the batching plants. (2) Drag shovels, draglines or grabs mounted atop stockpiles located at the batching plant, feeding into short-term storage bins or pulling materials into live storage areas whence they feed by gravity into weighing equipment. With high-capacity plants these storage bins will, of necessity, hold materials for only a small number of batches, hence the need for adequate ground storage. 37.2.2 Storage of cement It is generally required that cement be stored after grinding in high-capacity silos at the works. This is done so that the quality of the cement can be assessed for compliance with the appropriate British Standard before delivery and also to ensure, so far as is possible, that the high temperatures attained during the grinding process can be to some extent dissipated before delivery to the site. The consequences of using physically hot cement as opposed to cooler cement are not thought to be serious, but nevertheless provision must sometimes be made for ensuring that cement temperatures are limited. In some instances where large masses of concrete are to be placed and where overheating due to the exothermic reaction of the cement must be reduced so far as possible, it may be required that the cement be circulated through coolers or kept in circulation through a number of storage units. Storage of large quantities of cement might be called for to smooth out irregularities in delivery when construction sites are remote from cement works. The movement of bulk supplies of cement from mills to works by special cement trains rather than by road delivery offers the opportunity for short-term site bulk storage in special high-capacity wagons. However, it will generally be necessary for at least part of the journey to be made by



road and facilities for pneumatic transfer from rail direct to road vehicles and then into short-term storage at the batching plant, will have to be provided. On site, overhead cement storage silos of capacities up to about 1501, either singly or in interconnected groups, are quite widely used. These are generally charged pneumatically by dryair blowers capable of lifting cement to a height of 30 m or so above the ground, mounted on transport vehicles. Some cement companies are willing to provide storage facilities on sites and their availability should be investigated. Although bulk storage of cement in silos is generally preferable to the use of cement in bags, nevertheless there are many small construction jobs, particularly work by small builders, where bagged cement is used. Although the bags are made of strong 3-ply paper, they are not waterproof and it is therefore important that they are protected from the weather. This should preferably be done by storage in dry, well-ventilated sheds or in the case of very small amounts, the bags may be stored outside on a dry platform raised above the ground and covered with plastic sheeting, tarpaulins or similar covers. Whether cement is stored in bulk in silos or in bags, it should be used in the order in which it has been delivered to the site. Failure to follow this elementary precaution can result in some cement being stored for too long and consequently becoming lumpy, i.e. 'air-set' and unsuitable for use. When a cement replacement material such as pulverized fuel ash (PFA) or ground blast-furnace slag is included in the concrete being produced, it will usually be necessary to provide another silo to store it. To avoid confusion and the possible misdirection of PFA or ground blast-furnace slag into the cement silo, it is important where bulk deliveries are made, either by road or rail, that the connections at the silos are clearly marked. Where 'split' silos are used, inspection of the diaphragm to check that it is not perforated or damaged in any way is a necessary precaution to ensure that the cement and the cement replacement material stay in their respective compartments. 37.2.3 Water storage On average, each cubic metre of concrete produced will require between 100 and 1401 of water. In addition, large quantities will be used round the plant at the end of a concreting session for the thorough cleaning down of the whole of the mixing plant and the lorries, skips, pumps or other devices used for the transport of the wet concrete. These large quantities of water can sometimes be drawn from a water authority's mains, but quite often some local source, such as a stream, will have to be used. Permission to extract water from a stream will generally have to be sought from the local river or water authority. Overhead storage of water in steel tanks to give a sufficient head to supply a concrete plant can be quite expensive, particularly when drawing from mains is restricted to night-time only and adequate storage has to be provided for all day-time operations. In view of this high cost of water storage a practice sometimes adopted is to excavate a hole of sufficient capacity close to the batching plant and to provide a waterproof lining, generally 1000-gauge polythene sheeting, held round the top edge by embedment in concrete or some other means. From this, stored water can be drawn by pump to supply a small header tank above the batching plant. When this mode of storage is used every precaution must be taken to avoid damage to the lining since repair will be difficult. The large amounts of water used for cleaning down cannot be discharged into any local water course or sewer without first allowing the cement and aggregates to settle out to such an extent that the effluent is acceptable to the authority. This calls



for the building and keeping clean of a comprehensive system of settling tanks from which clear water can be decanted at the end of the line. Provision can be made to recirculate this water into the supply system, but it is doubtful, except where water is very expensive, if recovery is a practical proposition. 37.2.4 Admixtures The use of admixtures to modify properties of unhardened and hardened concrete in one way or another is becoming increasingly common practice in the construction industry. Generally, these materials are added in very small amounts in relation to the size of a batch and it is usual to measure them by volume and feed them into the mixing water supply line from gauge tanks to the mixer. When using liquid admixtures it is essential to maintain an adequate supply and to ensure that each batch of concrete has its proper dosage added at the correct time. This calls for the full interlocking of water and admixture supplies so that underdosing or overdosing cannot take place. 37.2.5 Batching concrete The gauging of concrete to give mixes either of specified proportions or to meet strengths or other requirements is carried out in batching plants using weight as the unit of measurement. In almost all cases, batching plants incorporate a facility for mixing the concrete. However, many ready-mixed concrete plants have a batching facility only, mixing being carried out in truck mixers. Although there is evidence that given proper control over operations, particularly with regard to the measurement of cement, volume batching of concrete can give high standards of quality control, this system has been almost completely superseded by weight batching. In these plants it is usual to weigh the various aggregates cumulatively in one hopper whilst the cement, any bulky additive such as PFA and water will be measured separately. Water can be batched into a concrete mix either by weight or volume, but with the increasing tendency to use fully automatic batching/mixing plants in which the moisture content of the fine aggregate is monitored continuously and its batch weight adjusted accordingly, there is rather more emphasis on weight batching. A small header tank is generally provided and this in turn is kept continuously charged direct from the supply mains, or by pump when the mains pressure is inadequate or supplies have to be drawn from ground storage. Computer controls are becoming available on modern batching and mixing plants and they are designed to facilitate accurate batching of the materials and the production of concrete mixers of uniform workability. The use of computer control systems also provides a ready means of keeping accurate records of the quantities of materials used and of the weights of the constituents in each batch of concrete. 37.2.6 Mixing concrete To achieve the full potential strength of a concrete mix it is most important that there should be a proper dispersal of the various constituents within each element of concrete. The speed at which this dispersal takes place will depend upon a number of factors amongst which are: (1) Type of mixer and its speed of rotation. (2) Size of charge put into the mixer in relation to the volume of the mixer drum. (3) Degree of wear on paddles and blades. (4) Order of charging materials.



Figure 37.1 Production of concrete for motorway base. Note: large aggregate stockpiles; ground storage of cement in wheeled bulk silos; small overhead cement storage; groundwater storage (in background); continuous proportioning and mixing of 4 No. aggregates and cement Various types and sizes of mixer are available and the following are commonly used in British practice: (1) Rotating-drum mixers: (a) tilting drum; (b) nontilting drum, including reversing drum. (2) Split-drum mixers. (3) Pan and annular-ring mixers. (4) Trough mixers. (5) Continuous mixers. Figure 37.2 shows these mixers in general outline. Types (1), (2) and (3) are commonly described as 'free fall' mixers since their action is derived from the falling within the drum of elements of concrete materials lifted from the bottom towards the top by a series of blades. In types (4) and (5) the mixing action is more vigorous and it is claimed that this both improves the efficiency of mixing and increases the speed at which a sufficiently high degree of uniformity can be attained. The largest-capacity batch mixer of any type used to date in British practice has been a 6 m3 tilting-drum type with an hourly throughput of about 200 m3. Sizes of the various types available range from a few litres to about 3 m3 but there are, as noted, some exceptionally large mixers. 37.2.6.1 Rotating-drum mixers In type (1) mixers which are normally rotated at speeds up to about 20rpm, mixing is achieved by carrying the ingredients from the bottom of the mixer to the top by a series of paddles of differing form mounted inside the drum. As the paddles approach the top of the mixer, materials are spilled from them and fall to the bottom of the mixer whence they are again lifted



towards the top. The speed of the mixer is important in that a slow rotation extends the mixing time while too fast a rate will reduce the efficiency by tending to carry materials over. A type (Ia) tilting-drum mixer is charged at the open end with the axis of rotation of the mixer inclined upwards at an angle of about 45°. Mixing takes place whilst the drum is in this attitude. Discharge is accomplished by moving the axis of rotation through an angle of about 180°. Depression of the axis below the horizontal is carefully controlled to avoid too high a rate of discharge. With nontilting drum mixers of type (Ib), charging is via a retractable or nonretractable chute at one side of the mixer, depending on the loading arrangements, whilst discharge is brought about by inserting an inclined retractable chute at the opposite side. This chute intercepts the 'free-falling' materials within the drum and causes them to be discharged into a receiving hopper or other device. An alternative design is the reversing-drum mixer. In this the concrete is discharged after mixing by reversing the drum; thus, no chutes are needed. 37.2.6.2 Split-drum mixers This type of mixer had its origin in Belgium but has found a good deal of favour in Britain, largely because of its simplicity, its ability to mix efficiently all types of concrete and its rapid clean discharge. The mixer drum, which rotates on a horizontal axis, is split vertically into two approximately equal volume sections. These sections are closed together during charging and mixing and retracted one from the other for discharging. Mixes are carried from the bottom to the top of the drum by cohesion and a small number of cleats secured to the inside of the drum. It has no blades or paddles of the form usually seen in mixers. Because of the large area of the gap between the two sections,



Position during charging and mixing



Position during discharge



37.2.6.3 Pan and annular-ring mixers



Type I (a) Tilting-drum mixer Reversing-drum type



Charging and mixing Discharging Type I(b) Nontilting 
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