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I began as a bricklayer in 1984, on the recommendation of my father (one rainy Tuesday afternoon, as I recall, in Nottingham’s Victoria Shopping Centre), who saw the practical and financial worth of such a course of study, and my career path has stayed within the construction industry ever since.


It has been a varied career, which has encompassed bricklaying, health and safety, estates management and many years of teaching brickwork as a vocational craft subject. In all those years, however, I have never found one craft book, among the many excellent works by expert practitioners, which gives someone new to bricklaying all the underpinning and practical knowledge needed in one simple, accessible volume, at the same time providing a basis for further reading. It is with this in mind that I decided to write this book! It is intended to provide an overall appreciation of the materials and the basic practical skills associated with the craft, to enable the reader to undertake simple practical bricklaying projects of his or her own.
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CHAPTER 1


Introduction
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The use of bricks and the ancient craft of bricklaying have been in existence for thousands of years. The oldest shaped mud bricks, discovered near Damascus in Syria, date from as far back as 7500BC. Mud bricks were extensively used by the civilization of Ancient Egypt and the first sun-dried clay bricks date back to 4000BC, having been discovered in Mesopotamia (now Iraq). The Chinese also were experts in stonemasonry and bricklaying, the most iconic example of their work being the Great Wall of China, which was begun in the fifth century BC and is claimed to be the only man-made object visible from outer space.


The Romans made use of fired bricks and the Roman legions, who were known to operate mobile kilns, introduced bricks to many parts of their empire, including Europe around 2000 years ago. Great innovators in many areas, the Romans developed bricklaying as a craft, including the use of mortar and different types of bonding arrangements; however, with the eventual decline of the Roman Empire, the craft of bricklaying declined with it.


It was not until the latter half of the seventeenth century, after the Great Fire of London in 1666 in fact, that the English again started to use bricks in building and it took almost another 200 years, until the middle of the nineteenth century, before the mechanized production of bricks began to replace manual methods of manufacture. Despite the advent of mechanized production, however, growth in the brick industry was relatively slow as the moulded clay bricks were still being fired in fairly inefficient static or intermittent kilns. In 1858, a kiln was introduced that allowed all processes associated with firing the bricks to be carried out at the same time, and continuously. Since the introduction of this, the Hoffmann kiln, the brick industry has made great progress, particularly since 1930, when the output of bricks in Great Britain doubled up to the start of the Second World War.


Clay has provided the basic material of construction for centuries and brick properties vary according to the purpose for which they are intended to be used. Today, clay bricks feature in a wide range of buildings and structures, from houses to factories. They are also used in the construction of tunnels, waterways and bridges, and so on. Many hundreds of attractive varieties, colours and texture of brick are available, which can be used imaginatively and creatively to greatly enhance the physical appearance and design of modern buildings.



















CHAPTER 2


Concrete
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Concrete is a mixture of cement (usually Ordinary Portland cement), acting as a binder, fine aggregates such as sharp sand, and coarse aggregates such as gravel or crushed stone. Alternatively, fine and coarse aggregates may come pre-mixed as all-in ballast. Water is added to form a paste with the cement, which covers the surface area of every stone and aggregate particle in the mix, binding them together to form a solid mass when the concrete hardens. The aggregates are not physically altered in any way, but are firmly set into the hardened, rock-like cement paste.


Concrete has numerous applications, among them the foundations of buildings, oversite concrete under suspended timber ground floors, solid floor slabs, driveways, paths, benching in man-holes, and many others.


In some cases a chemical plasticizer is mixed with the water in order to make the concrete easier to work and to protect it from frost while it sets.


CEMENT


Cement is generally regarded as the most important binding material used in the construction process and is used for the manufacture of mortar and concrete. The use of cement is so common that it is the second most consumed substance in the world after water! The most commonly used is Ordinary Portland cement (OPC), so called because, in its solid state, its grey colour is much like that of natural Portland stone. The fact that Portland cements form a solid when mixed with water means they are often referred to as ‘hydraulic cements’.
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Hydration


The reaction between the cement and water is an exothermic (meaning ‘giving off heat’) chemical reaction known as ‘hydration’, which results in the setting of the cement paste. Concrete, and mortars for that matter, set as a result of the completion of the hydration process and not simply by drying out.




[image: ]











[image: ]

Fig. 1 Ordinary Portland cement.
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Fig. 2 A 25-kg bag of Ordinary Portland cement.
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Cement Hazards


Cement is classified as an irritant, having the potential to cause severe cases of dermatitis and burning of the skin. Great care must therefore be taken when handling cement (and the materials made from it) in order to avoid contact with the skin or eyes and breathing in cement dust. The use of PPE (personal protective equipment) is essential.
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Cement is made from chalk (calcium carbonate) excavated from natural chalk deposits, which is then heated in a rotating cement kiln at temperatures of up to 1450 degrees centigrade. The resultant clinker is then ground to a fine powder, which is then packaged in 25-kg bags.


Although Ordinary Portland cement is the most commonly used for concrete and general construction purposes, there are various other types with slightly altered chemical compositions for specialized circumstances. These include rapid-hardening cement, sulphate-resisting cement, special cements for working in cold weather, and so on.


Being hydraulic, bags of cement must be protected from damp before use. Preferably, bags should be stored clear of the ground on a wooden pallet in a well-ventilated, rain-proof shed. Bags of cement should be stacked flat, no more than five bags high, otherwise the bags at the bottom will set due to the pressure exerted by the bags above. ‘Pressure setting’, as it is called, is sometimes known as ‘warehouse setting’.


Even when stored in ideal conditions, cement still has a ‘shelf life’ and will lose around 20 per cent of its strength over a period of a couple of months. Accordingly, care must be taken to ensure that cement is used in the same sequence in which it was delivered – in other words, old bags first! Under no circumstances should cement that has been exposed to moisture and contains lumps be used as it will produce a weak and less durable mix.


FINE AGGREGATE (CONCRETING SAND OR SHARP SAND)


‘Concreting sand’, ‘sharp sand’ or ‘fine aggregate’ are all terms that are used to describe natural sand, crushed stone, sand or similar, which pass through a 5mm sieve but tend to be coarser and not as well graded as the soft sands used in mortars. It is often referred to as ‘fine aggregate’ to distinguish it from soft sand. Being coarser than soft sand, it is not used for mortars as it produces an unworkable mix and causes difficulties in achieving a good finish when jointing.
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Fig. 3 Sharp sand.








COARSE AGGREGATES


Coarse aggregates are excavated from natural deposits of gravel or stones and then washed to remove dirt, salts and clay. The term describes materials such as natural gravel, crushed gravel or crushed stone that will not pass through a 5mm sieve. Bigger stones are often crushed to make smaller pieces. Washing, crushing and sieving usually take place in the location of the excavations. A coarse aggregate used for concrete is likely to pass through a 19mm sieve but stay on a 10mm sieve.
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Fig. 4 Coarse aggregate.











ALL-IN BALLAST


If the coarse aggregate and concreting sand/fine aggregate are purchased already mixed together, the material is known as ‘all-in aggregate’ or ‘all-in ballast’. Aggregates for concrete can be purchased in 25-kg bags, 1-tonne ‘dumpy bags’ or loose by the lorryload for very large deliveries.
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Fig. 5 ‘All-in ballast’.








STORAGE OF AGGREGATES


One of the key factors when storing aggregates for concrete (or sand for mortars) is that they must be kept clean and dry. Water contained in aggregates and sands has implications for the water content of the finished mix, which in turn affects the workability and performance of the finished concrete or mortar. Contaminants such as soil, soluble salts from the ground, dirt, leaf matter, and so on, can cause staining or interfere with the bond between the cement paste and the aggregates in the mix.


Aggregates and sands delivered in 25-kg bags should be stored clear of the ground on a pallet. Inevitably, some bags will have been torn or punctured during original storage, transport or delivery, so it is good practice to cover the bags over with a tarpaulin or polythene. Deliveries made in 1-tonne ‘dumpy bags’ should, ideally, be kept off the ground on a pallet but if this is not possible they should be stored on a concrete or similar hard base. The most important factor is that they should never be in contact with soil. In all cases, the bags should be covered over with a tarpaulin or polythene to prevent rain ingress (or contamination by falling leaves during autumn).


Where loose deliveries are made by the lorryload, aggregates and sands should be stored on site on a hard, well-drained, sloping base. Ideally, the base should be made of concrete with the surface laid to a fall or slope to allow any water to drain out. On larger projects, purpose-built blockwork bays are constructed to provide separate storage for different aggregates. Again, the bays should be covered over with a tarpaulin or polythene.
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Fig. 6 A 25-kg bag of aggregate.
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Fig. 6 A 25-kg bag of aggregate.











GRADING OF AGGREGATES


‘Grading’ refers to the size distribution of particles within a batch or sample of aggregate. The particle size (and hence the surface area) of an aggregate is a very important factor in designing the mix proportions for concrete. In order for concrete to attain its maximum strength, all surfaces of the aggregates must be coated with cement paste. Since the surface area of one grain of sand is less than that of two grains of half the size, it follows that a concrete mix should not contain too many fine particles. Particles that are too fine will contribute to a weaker mix due to the increased surface area needing to be coated with cement paste. Alternatively, an aggregate such as uncrushed stone that is more uniform, containing particles of similar size and lacking finer particles, will require more cement paste to fill the voids that would have been filled by fine particles found in better-graded aggregates. The use of uniformly graded aggregates will result in a mix that lacks workability, and weak, porous finished concrete.


Clearly, when well-graded aggregates are used, containing the full range of particle sizes, with the smaller aggregates filling the voids between the larger stones, a strong, workable concrete mix can be produced with the minimum of cement.
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Fig. 8 Grading of aggregates.








AGGREGATE/CEMENT RATIO OF CONCRETE MIXES


There are two key considerations when designing concrete mixes for different applications: the ratio of aggregate to cement and the ratio of water to cement.


The aggregate/cement ratio relates to the proportions of dry materials in the mix. The characteristics of finished concrete, including its strength, can be directly affected by the amount of cement in relation to aggregates. Mix proportions are usually specified as a ratio of cement to fine aggregate to coarse aggregate, either by weight or by volume. For example, a 1:3:6 mix contains one unit of cement, three units of fine aggregate and six units of coarse aggregate. It is vital that there is sufficient cement within a mix to bind all of the aggregates together, otherwise weak patches will occur in the finished concrete. On this basis, the higher the cement content in relation to aggregates, the stronger the concrete. For example, a mix of 1:1:2, proportionally having a very high cement content, will produce very strong, impermeable, frost-resistant and durable concrete.


As mentioned previously, fine aggregate and coarse aggregate can be purchased together as all-in ballast but it should not be assumed, when proportioning by volume, that 4m3 of fine aggregate when mixed with 8m3 of coarse aggregate will produce 12m3 of all-in ballast. Volume shrinkage upon mixing of around 30 per cent will occur, caused by the finer particles filling the voids within the coarse aggregate. The resulting volume of all-in ballast will be around 9m3. Accordingly, great care must be taken when specifying the quantity of aggregates.















	

Typical Concrete Mix Proportions









	Cement

	Fine agg’

	Coarse agg’

	Application

	Cement

	All-in ballast






	1

	½

	1

	Benching in a manhole

	1

	1






	1

	1

	2

	Chimney flaunching

	1

	2






	1

	2

	4

	General exterior work, casting

	 

	 






	 

	 

	 

	in moulds, concrete patching

	1

	3 or 4






	1

	3

	6

	Floor slabs and foundations

	1

	5 or 6















GAUGING OF CONCRETE MIX MATERIALS


In this context, ‘gauging’ is the term used to describe the measuring out of quantities of individual dry materials for a concrete mix. It is a common practice – and a bad one – on many construction projects simply to load a concrete mixer using a shovel, with the result that there is no accurate control in terms of gauging the proportions of materials. For example, one shovelful of damp sharp sand has greater volume than one shovelful of dry cement powder, so mixes batched in this way often contain too little cement. Realistically, the only way that a degree of accuracy can be employed is to use batching by weight or by volume. The same principles apply to measuring out materials for mortar mixes.


Weight Batching


Weight batching is the more accurate of the two methods used for gauging the proportions of materials. It is more likely to be found only on large construction sites as it involves sizeable mixing machines fitted with loading hoppers, or separate weight-batching hoppers that discharge directly into a large concrete mixer.


Volume Batching


Volume batching is the most suitable method used on small projects or for smaller quantities of concrete where mixing might be carried out by hand or by using a manually loaded concrete mixer.


The accuracy of this method relies on the use of a standard unit of volume for gauging the quantity of each material. A simple example is a bucket that can be filled to the top with each material and emptied into the mixer the relevant number of times as determined by the mix proportions. A quicker method is to use a ‘gauge box’, designed to the required size. It is a bottomless box into which the individual dry materials are placed before being ruled off with a timber straight-edge at the top in order to get equal proportions.


The dimensions of the box in Fig 9 equate to four 25-kg bags of cement but smaller boxes for smaller projects are available, or could easily be made out of plywood for smaller mix requirements.


The gauge box is placed on a clean, firm base (wooden board or steel sheet) and filled in proportion to the design of the mix. When full, the box is lifted and removed, and the contents can be shovelled into a mechanical mixer or on to an appropriate hard surface for mixing by hand.
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Fig. 9 A typical example of a gauge box.
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Volume Shrinkage


When volume batching for concrete, account must be made for ‘volume shrinkage’ on mixing. For example, 1m3 of cement, 3m3 of fine aggregate and 6m3 of coarse aggregate will not produce 10m3 of finished concrete. Because the small particles will fill the voids between the bigger particles, the actual volume will be around 7m3. Volume shrinkage of concrete materials is around 30 per cent upon mixing, so care must be taken when specifying quantities for concrete!
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WATER/CEMENT RATIO OF CONCRETE MIXES


The first essential criterion when mixing concrete is to ensure that the water is clean, as any impurities will affect the strength of the finished concrete. The term ‘drinkable water’ is often used to define the quality of clean and uncontaminated water that is fit for use in concrete. Water fit for drinking is also referred to as being ‘potable’.





The quantity of water used in mixing concrete is a very important consideration as the amount of water in the mix has a direct bearing on the properties of the finished concrete.


The real job of water is to make the cement set hard – to change it from a powder to a solid mass (in the process of hydration), which binds all the aggregates together. The process actually uses only a small part of the water added to concrete although insufficient water will not chemically ‘activate’ the cement and/or will reduce the ability to compact the concrete properly. The rest of the water is there to make the concrete workable enough to be transported, placed and compacted properly. All the extra water will evaporate out as the concrete sets and each drop will leave behind a tiny air pocket in its place, which renders the concrete a little like a solidified sponge. A higher volume of excess water leads to more holes, and a weaker concrete that will be more susceptible to frost damage. In any severely cold weather that follows, water inside those air pockets will expand on freezing and cause the concrete to crack and/or the surface to spall.


Excessive water results in excessive workability and elongated setting times but can also dilute the cement paste to the point where it drains away from the aggregate, causing the whole mix to segregate. Also, the more excess water present, the greater the tendency for it to rise to the surface of newly placed concrete. This ‘bleeding’ forms fine, open channels, which remain after the concrete has set, and reduce its durability and frost resistance.


On average, the water content should be 50 per cent of the weight of the cement in the mix to give the best balance between workability and strength. This is referred to as the water/cement ratio. It must be remembered that, when adding water to the concrete mix, an allowance must be made for any water that might already be present in the aggregates. This is why it is always best to store aggregates in such a way that they stay dry.
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Fig. 10 Concrete strength related to water:cement ratio; the strength of finished concrete decreases as the water content of the mix is increased.
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Water Content


The water content of concrete is a vitally important factor: too little and the concrete is hard to compact and the hydration process may not take place satisfactorily; too much and workability becomes excessive, setting time increases and the durability, strength and frost resistance of the finished concrete diminish.
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MIXING CONCRETE


Mixing Concrete by Hand


Small quantities of concrete will often be mixed by hand. The area selected for mixing must be flat, hard, and free from debris and dust. A concrete floor or patio area is ideal but the following factors must also be considered:







	Concrete will inevitably stain the mixing surface so an area should be chosen where this does not matter. Staining will still occur even if the area is hosed down immediately afterwards.


	The area should be large enough to use the mixing shovel and turn the materials easily, with sufficient space to move around. Preferably, the area should be close to the place where mixing materials are stored and/or where the mixed concrete is required to be placed.


	It is important not to mix for too long as this can cause the mix components to segregate. All batches should be mixed for the same amount of time. Sufficient mixing time should be allowed to ensure that all aggregates are coated with cement paste.





Bespoke large plastic mixing trays with raised edges are available from builders’ merchants but may be problematic to store later or an unnecessary expense if they are only to be used once or infrequently.


The following tools and equipment will be required for hand-mixing concrete:




	a wheelbarrow for transporting materials;


	a water butt, such as a plastic or metal drum or barrel, or alternatively access to an outside tap or hose;


	builders’ plastic buckets, preferably three: one for water, one for cement and one for aggregates, since the latter are often damp. An alternative to a bucket is a gauge box;


	a builder’s shovel for mixing.





Measure out the correct proportions of materials and place the dry ingredients together on the mixing area. Using a shovel, turn the mix over into a single pile, ensuring good integration of the dry materials. Repeat the process by turning the mix back again. The main objective of this is an even distribution of the cement within the particles of aggregate. Repeat this process a third time, by which point the dry mix should be fully integrated.


Make a hole in the centre of the dry mix, ready to receive the water from a bucket. It is vital to ensure that the water does not escape, taking cement with it and thereby reducing the strength of the mix. The materials should be mixed with the water from the outside into the middle until all the water has gone. Turn all the materials over on to the top of the heap and continue turning the whole mix over until it is fully mixed and workable. Use a shovel to place the mixed concrete into a barrow. Make sure the inside of the barrow has been wet first to assist with tipping out the mix later.
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Fig. 11 Mixing concrete by hand.








Mixing Concrete by Machine


There are many different types of mixers, from the portable mixers suitable for the small builder up to the very large static mixers suitable for very large sites where the concrete is being site mixed. Mixers can be powered by petrol or diesel, and the smaller portable ones by electricity.


Whenever a mixer is being used, all safety measures must be taken and the manufacturer’s instructions followed:




	Set the mixer up according to the manufacturer’s instructions. It is always a good idea to use polythene to sheet down under and around the mixer, in order to minimize mess.


	Ensure you have sufficient materials and small tools.


	Start the mixer.


	Add around half the water, using a bucket.


	Add the pre-gauged materials or separate materials in the following order: half of the aggregate, then cement, then the other half of the aggregate.


	Add more water as necessary, to achieve the required workability.


	Allow the materials to mix for 3 minutes – any longer may cause segregation of the mix. Timing should be taken from when all of the materials are in the barrel of the mixer. All batches should be mixed for the same length of time.


	Turn out the mix into a wheelbarrow – wetting the inside of the barrow will assist with tipping out the mix later.
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Fig. 12 Electrically powered concrete mixer.











READY-MIX CONCRETE (RMC)


Ready-mix concrete is manufactured in a factory or batching plant to specified mix proportions and then delivered to site by lorry-mounted transit mixers. This results in precise mix proportions being delivered in pre-ordered quantities (measured by volume in m3), which can be custom-made to suit many different construction applications. Ready-mix concrete is manufactured under computer-controlled operations and transported and placed at site using sophisticated equipment and methods. Ready-mix concrete provides customers with numerous benefits but a few disadvantages.
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Fig. 13 Ready-mix concrete lorries.
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Cleaning Mixing Areas


On completion of mixing operations, the mixing area should be thoroughly cleaned and tidied. If tools and equipment are not cleaned thoroughly after use, cement paste will harden on them and will be difficult to remove later. This is particularly important if pigments have been used in the mix.
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The advantages of ready-mix over site-mixed concrete are as follows:




	a better and more consistent quality concrete is produced;


	there is no need for storage space for basic materials on site;


	the elimination of procurement/hiring of mixing plant and machinery;


	wastage of basic materials is avoided;


	the labour associated with site production of concrete is eliminated;


	the time required is greatly reduced;


	noise and dust pollution on site are reduced.





However, ready-mix concrete does have a number of disadvantages:




	The materials are batched and mixed at a central plant, so the travelling time from the plant to the site is critical over longer distances. Some sites are just too far away!


	Concrete’s limited lifespan between mixing and ‘going off’ means that ready-mix should be placed within 2 hours of batching at the plant. Concrete is still usable after this point but may not conform to relevant specifications.


	It generates additional road traffic. Furthermore, access roads and site access have to be able to accommodate the weight and size of the truck and load.


	Any shortfall in quantity, due to a miscalculation, could result in work already done being wasted. Conversely, over-ordering will result in costly wastage of unused concrete.





MINI-MIX CONCRETE


A smaller-scale alternative to ready-mix concrete is the use of contractors who provide ‘mini-mix’ concrete, arriving at site with lorries containing all the separate concrete constituents, including water. The lorry has a separate mixer with integrated weight-batching facilities, allowing precise, small quantities, up to approximately 6m3, to be mixed on site to specified mix proportions. Mini-mix suppliers will also barrow the concrete to where it is required, within reason. Such a service eliminates many of the disadvantages associated with ready-mix concrete.
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Fig. 14 Lorry delivering ‘mini-mix’ concrete.








PLACING AND COMPACTING CONCRETE


Ensuring the full and proper compaction of concrete when it is placed is of fundamental importance because any voids or pockets left in the finished concrete will compromise its final strength. As an indication, voids that total 5 per cent of the concrete by volume will reduce the strength of the concrete by as much as 30 per cent.


Concrete with minimal water will be high in strength but will need mechanical compaction, whereas a high water content will give workable concrete that is easily compacted by hand, but the concrete will be weaker. Very wet mixes are very easily compacted since the concrete will practically flow into position but, again, final strength and durability will be further compromised by the high ratio of water to cement.


Freshly mixed concrete goes stiff after 30 minutes. This is referred to as the ‘initial set’ and once concrete has reached this stage it should not be mixed up again. Beyond initial set the concrete hardens and rapidly gains strength. After about 10 hours the concrete is hard, having reached what is called the ‘final set’. Having achieved its final set, concrete then slowly continues to harden and gain strength over many years and decades.


Accordingly, placing and compacting need to be done quite quickly, before the initial set takes place, especially where the concrete mix has a proportionally high cement content. Such a concrete will set more quickly than a ‘lean mix’ containing less cement.


For small concreting jobs, a short length of 50 × 50mm timber can be forcefully poked or rammed into the freshly placed concrete to remove any air pockets and ensure compaction.


For slabs and/or larger areas constructed within a frame of timber formwork, a heavy, straight timber plank (of up to 125mm × 50mm sectional size), preferably with raised handles or cut-out handles at the ends, can be operated by a man at each side of the formwork. The ‘tamping board’, as it is known, is raised and lowered whilst gradually working all the way along the concrete surface to achieve compaction.
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Fig. 15 Use of a tamping board to compact and level concrete within timber framework.








Where necessary, the tamping board can be ‘shuffled’ from side to side as it is drawn forward along the top of the formwork in order to grade off any excess wet concrete and to obtain a flat surface. Generally, the timber straight-edge used as a tamping board must be long enough to extend 100mm beyond both sides of the formwork in order to be effective. Hammering the exposed sides of the timber formwork will also assist compaction of the concrete at its perimeter sides.


The construction of formwork and shuttering is covered in greater detail in Chapter 5.


SURFACE FINISHING OF CONCRETE


In some situations, where a non-slip surface is required, the finish provided by the tamping process is left as it is and no more surface finishing is carried out. Where a smooth surface is required, finishing of concrete should take place straight away after placing and compaction. The surface should first be lightly trowelled over with a steel floating trowel. If this is done excessively a layer of laitance (very watery cement slurry) will be brought to the surface. This laitance makes subsequent floating of the surface difficult and leaves patches on the surface of the finished concrete that are porous and less durable.


Depending on the setting rate, the surface should be floated after 2–3 hours, using a wooden or polyurethane float in a circular motion. This will flatten any lumps or high spots and fill any dips or hollows in the surface whilst at the same time bringing some moisture to the surface.


At this point, a stainless-steel floating trowel can be run over the surface to provide a final smooth finish. Care should be taken not to over-trowel the finished concrete as this can bring more water to the surface, which will bring with it very fine particles of aggregate. When the concrete hardens, the fine, unbound particles are left behind on the surface, forming a dust when dislodged by any surface friction.
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Fig. 16 Polyurethane float.
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Fig. 17 Stainless steel floating trowel.











CURING AND PROTECTING NEW CONCRETE


Freshly placed and finished concrete needs to be kept moist. As water is essential to the hydration process taking place within the concrete, keeping it moist helps it retain, or if necessary absorb, the additional moisture it needs to complete the hydration, setting and hardening process. This process, known as ‘curing’, needs to be carried out carefully and properly if concrete is to maximize its hardness and strength.


Although it will achieve its final set in around 10 hours, the concrete is still comparatively weak at this stage. It will gain strength in the days that follow and achieve around 90 per cent of its final strength after approximately three weeks; it may then continue to strengthen for decades.


If concrete loses its moisture content too quickly, tensile stresses build up in it. The concrete is still too weak at this point to resist these stresses and both internal and surface cracks can result. These not only spoil the surface finish but also reduce the concrete’s final strength, making it less durable and more susceptible to frost damage.


New concrete must also be protected from the sun and the wind, which will both speed up the evaporation process, causing shrinkage cracking, particularly at the surface. These problems are especially significant where concrete is being laid in thin sections. Mixing and placing concrete in such weather conditions will have the same injurious effect on the water content during these processes and should be avoided if possible.


It is vital to cure concrete properly in the first three days to increase its early strength development and long-term strength, impermeability and durability. Ideally, it should then be kept in conditions of controlled temperature and humidity. In practical terms, this is achieved by a number of methods, depending on the situation:




	Periodically spraying the concrete surface with water.


	Where possible, flooding or ‘ponding’ the entire surface – sometimes it may be necessary to build earth or clay dams around the area being cured.


	Covering the surface with hessian or coconut matting that is maintained in a wet state.


	Covering the surface with wet sand.


	Covering the surface with waterproof paper or polythene to retain the moisture.





Curing should begin as soon as the concrete surface is sufficiently hard that it will not be marked or damaged by the water spray or covering.


DRYING SHRINKAGE OF CONCRETE


When finished concrete hardens and effectively has dried out for the first time, its linear dimensions will contract by approximately 0.4mm per metre. This reduction in volume is primarily due to the excess water in the concrete (that used for workability as opposed to hydration) being yielded up to the atmosphere by way of evaporation. On subsequent wetting from rain, for example, it will expand again but it will not quite achieve its original dimensions.


The issue of drying shrinkage becomes more significant on larger areas of concrete. It can be minimized by reducing the amount of excess water in the original mix, provided that full compaction of the concrete can still be achieved. Whilst a reduced water/cement ratio may mean that the concrete is more difficult to place and compact, there is the advantage that the finished concrete will be stronger and less porous, which will decrease moisture movement in terms of swelling and contracting in wet weather.


The more quickly concrete is allowed to release its excess moisture content, the more it will shrink, so drying shrinkage can also be reduced by way of effective curing. This will allow the concrete to retain its moisture content whilst it gains strength for the first few days after placing.


WEATHER CONDITIONS


Concreting in Hot Weather


Many of the problems associated with concreting in hot weather are overcome by placing concrete quickly and preventing premature moisture loss by way of adequate curing. In addition, batches of mixed concrete should not be left standing during periods of hot weather so the timing of mixing and placing is important. Concrete generally, but particularly in hot weather, must be placed in a continuous, smooth operation. If one batch of concrete is left to stand and stiffen before the next batch is placed on or next to it, ‘cold joints’ will form and the concrete will not be one homogenous mass.


Aggregates should be kept cool by spraying with water but allowance must be made when mixing for the increased water content of the aggregate. In addition, or as an alternative, a chemical retarding agent can be added to slow the hydration process.


Ready-mix concrete should be kept agitating in hot weather but care must be taken not to over-mix in case segregation occurs.


Curing should start at the earliest opportunity to avoid premature drying-out of the concrete surface and resultant surface cracking.


Concreting In Cold Weather


At low temperatures, the hydration process, setting and gaining strength within concrete are delayed, so protecting concrete from the cold for extended time periods is necessary. Curing periods are generally doubled during winter months but, even if the concrete can be kept above freezing temperatures, the strength of concrete laid at low temperatures can be as much as 25 per cent lower than that of concrete placed at warmer times of the year.


One of the key problems is that water expands when it freezes, which causes massive problems if freezing occurs within partly set concrete. At best, the concrete strength can be significantly reduced as a result of the freezing water inducing stresses that weaken the bond between the aggregate and the cement paste. This can also result in increased porosity, spalling of the concrete and loss of durability. At worst, the damage can be so severe that the concrete is rendered useless and must be taken up and replaced.


Possible courses of action include raising the temperature of the mixing water, ensuring that all aggregates are free from ice and not frost-bound, and protecting the finished concrete with polythene sheeting with hessian quilting on top, held down firmly at the edges. However, the best course of action is not to carry out concreting at temperatures below 5 degrees centigrade or where there is a risk of the temperature dropping below 5 degrees centigrade overnight.


The use of Rapid-Hardening Portland cement instead of Ordinary Portland has benefits for working in cold weather. Rapid-Hardening Portland cement and Ordinary Portland cement are similar in composition but the former is more finely ground. The increased surface area of the cement powder does not make concrete set more quickly, but it does increase the rate of hydration at early stages and leads to an increased rate of early hardening and strength gain. This is important when trying to combat the effects of cold weather on new concrete. The increased rate of hydration, being an exothermic reaction, also causes an increase in the evolution of heat, which helps to reduce the possibility of water freezing within the concrete.


CONCRETE CHEMICAL ADMIXTURES


Chemical admixtures are materials in the form of powder or fluids that are added to plain concrete mixes at the time of batching or mixing in order to give the finished concrete certain properties. In normal use, admixture content is usually less than 5 per cent by mass of cement. There are a number of common types of admixtures:




	Accelerators speed up the hydration and early hardening and strength gain of concrete, which is important when trying to combat the effects of concreting in cold weather.


	Retarders slow the hydration of concrete, and are used in large or difficult pours where partial setting before the pour is complete is undesirable.


	Air entrainers add and distribute tiny air bubbles within the concrete, which reduces damage during freeze-thaw cycles in winter, thus increasing the concrete’s durability. However, entrained air has a disadvantage in that there is a trade-off with strength – each 1 per cent of air can result in 5 per cent reduction in compressive strength.


	Plasticizers increase the workability of ‘fresh’ concrete, allowing it to be placed more easily and compacted with less effort. Alternatively, plasticizers can be purposely employed to reduce the water content of a concrete; in these circumstances they are referred to as ‘water reducers’. This improves the strength and durability characteristics of the concrete whilst still maintaining workability during placing.


	Pigments or colourizers can be used to change the colour of concrete, for aesthetic and design purposes. Most pigments come in a liquid form for adding to the mixing water.


	Corrosion inhibitors are used to minimize the corrosion of steel and steel reinforcement bars in concrete.


	Bonding agents are used to create a bond between old and new concrete.
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Admixtures


As admixtures alter the properties and performance of concrete, they must always be used in accordance with manufacturer’s instructions. They must be gauged very carefully at the mixing stage and from one batch to the next, so that each successive batch contains exactly the same amount as the previous one.
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CALCULATING QUANTITIES OF MATERIALS FOR CONCRETE


As a general ‘rule of thumb’, one cubic metre (1m3) of compacted and finished concrete weighs 2400kg. It is easy, therefore, to calculate the quantity of concrete based on the weight of a concrete slab or foundation. From this, the quantity of each component part of the mix can be calculated based on the mix proportions used.


For example, for a foundation slab 10m long × 4m wide × 0.25m thick, using a concrete mix of 1:2:5 (cement:fine aggregate:coarse aggregate), the calculations would be as follows:




Volume of concrete = 10m x 4m × 0.25m = 10m3


@ 1:2:5 (total of 8 component parts).


Weight of concrete = 2400kg/m3 × 10m3 =


24000kg.


Add an amount for waste (typically 10 per cent) =


24000kg × 10 per cent = 26400kg @ 1:2:5.





So the quantities are:




	Cement = (26400kg ÷ 8 parts) × 1 = 3300kg


	Fine agg’ = (26400kg ÷ 8 parts) × 2 = 6600kg


	Coarse agg’ = (26400kg ÷ 8 parts) × 5 = 16500kg





Water content is typically 50 per cent of the cement content by weight; 1kg of water = 1 litre, so the amount of water required = 3300kg × 50 per cent = 1650kg = 1650 litres.





Note: when calculating quantities by weight, there is no need to take account of volume shrinkage on mixing!
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Concreting Checklist


Good quality concrete must:




	have the correct mix proportions;


	use well-graded aggregates;


	use clean and dry (whenever possible) aggregates;


	have the correct water:cement ratio;


	have adequate but not excessive workability for the circumstances;


	be properly and sufficiently mixed;


	not segregate during mixing or transportation;


	be well compacted;


	be adequately cured;


	be adequately protected from the elements;


	be free from shrinkage cracks;


	be durable and weather resistant;


	be of sufficient strength and fit for purpose.
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