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How to use this book

Throughout this book you will see the following features:

Industry tips are particularly useful pieces of advice that can assist you in your workplace or help you to remember something important.


INDUSTRY TIP

Any electricity that is not used after it has been created with renewable energy can be sold back to the National Grid. This means that there is not only a saving on the cost of the electricity, but also a profit to be made.



Key terms in bold purple in the text are explained in the margin to aid your understanding. (They are also explained in the Glossary at the back of the book.)


KEY TERM

Tamping: the process of gently tapping the surface of wet concrete with a batten or plank after it has been laid. Tamping releases trapped pockets of air in the concrete and causes them to rise to the surface, therefore strengthening the concrete.



Health and safety boxes flag important points to keep yourself, colleagues and clients safe in the workplace. They also link to sections in the health and safety chapter for you to recap learning.


HEALTH AND SAFETY

Always read and follow the paint manufacturer’s instructions on how to transport, use, store and dispose of their products. They may recommend that you wear personal protective equipment (PPE) to protect your skin, eyes and lungs from the effects of chemicals in some paints, stains and preservatives. Some products may also be highly flammable, therefore you should avoid smoking or using naked flames around them.



Activities help to test your understanding and enable you to learn from your colleagues’ experiences.


ACTIVITY

Research the areas of the United Kingdom that will be affected by rising sea levels in the next 10 years and the steps being taken to protect those areas from flooding.



Improve your maths items provide opportunities to practise or improve your maths skills.  [image: image]

Improve your English items provide opportunities to practise or improve your English skills.  [image: image]

At the beginning of each chapter, there is a table that shows how the main headings in the chapter cover the learning outcomes for each qualification specification.

At the end of each chapter, there are some Test your knowledge questions and Practical tasks. These are designed to identify any areas where you might need further training or revision.






CHAPTER 1 PRINCIPLES OF BUILDING CONSTRUCTION, INFORMATION AND COMMUNICATION


INTRODUCTION

Planning and organising building work in the construction industry requires the co-ordination of many different tradespeople, materials and equipment. Delays caused by poor communication can often lead to missed deadlines and have financial implications. Carpenters and joiners are part of the building team; therefore, they must have a sound understanding of the methods and documentation used in the construction industry.

You should also recognise the systems used to construct various elements of a building, from the foundations to the roof, and the impact that construction has on the environment.




LEARNING OUTCOMES

In this chapter, you will learn about:


	1  how to identify information used in the workplace


	2  environmental considerations in construction


	3  construction foundations


	4  construction of internal and external walls


	5  construction of floors


	6  construction of roofs


	7  how to communicate in the workplace.






1 HOW TO IDENTIFY INFORMATION USED IN THE WORKPLACE

Many different sources of information are used in the construction industry to make sure that things are built accurately, safely and to Building Regulations. This section looks at different types of drawings that are used and interprets some of the information that can be obtained from them, as well as the written documentation that supports the technical drawings and their uses.

Sources of information used in construction 

Drawings and Building Regulations

It is particularly important in the construction industry to give the correct information at the right time to workers and ensure that it can be easily interpreted. Architects, engineers and designers produce technical drawings to communicate building information that meet British Standards. This means that any symbols, hatching or abbreviations drawn to represent materials or components are consistent and understood by everyone in the building team.

It is impractical to produce some building drawings at full size, so they are scaled down so that they can fit onto a sheet of paper.

The types of drawings that carpenters and joiners commonly use are known as ‘working drawings’. These are referred to when calculating costs and the quantity of materials required for producing work. Carpenters may also refer to them for the measurements of partition walls, floors and roofs during the first fixing stage of building work, and again when they are fitting kitchens, doors and so on at the second fixing stage. However, joiners may use working drawings to price work, estimate quantities of materials and produce full-size setting out rods to make joinery items, such as windows, doors and stairs.


KEY TERMS

First fixing: the primary work completed in a building before the walls and ceilings are plastered, such as installing windows, door frames and stairs.

Second fixing: carpentry work completed after the walls and ceilings have been plastered, such as installing skirting, architraves and doors.



Drawings provide an easy and accurate way to communicate information from one person to another through a visual representation of an item or object. Construction drawings are often created with two dimensions (2D): length and width. However, they can also be drawn in three dimensions (3D): length, width and depth.

Copies of large technical drawings are sometimes (though increasingly rarely) referred to as blueprints, because the method traditionally used to print them used white lines on a blue background.

Most building projects require different types of drawings to be drawn and submitted to the local authority for approval before work can start. The application usually includes plans of the area, the proposed construction site and detailed elevation drawings of one or more buildings. All proposed construction work must be completed to industry-recognised Building Regulations. These regulations provide detailed information on every aspect of building work, from the foundations to the roof.

Specifications and schedules

Because it is not always possible to include all the information needed on a drawing, it is usually written down in a document known as a specification. Specifications are usually produced by an architect, engineer or designer. They include details of products, materials, dimensions and the standard of work expected. Figure 1.1 is an example of a specification.


ACTIVITY

Use the following link to look at the main areas covered by Building Regulations in the UK:

www.gov.uk/guidance/building-regulations-and-approved-documents-index



To further support the drawings and specification, schedules are usually created for large construction projects. A schedule is a chart containing details about a particular aspect of a project; for example, doors, windows, kitchens and sanitary items such as baths, showers and toilets. Schedules can be useful when estimating and ordering materials; they may also be referenced when the items are being installed. The components on a schedule are usually identified on the drawings with references. For example, a door on the plan could be labelled ‘D1’. In the example schedule shown in Figure 1.2, D1 is referenced along with other useful information.
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▲  Figure 1.1 Example specification





[image: image]

▲  Figure 1.2 Example door schedule




Programme of work

A well-organised building project will have a start date and an expected completion date agreed in writing between a construction company and the client; this is known as a contract. They may also agree to have a penalty clause built into the contract stating that if the work is not completed on time, the contractor will need to pay compensation to the client.

To complete the building project on time, a document known as a programme of work is produced. The programme contains a list of all the activities that need to be completed and a breakdown of the number of weeks in which to complete them. Each task has an amount of time allocated to it so that the construction site manager can organise materials, resources and the tradespeople to arrive on site in the correct order and at the right time.



[image: image]

▲  Figure 1.3 Example programme of work (Gantt chart)




If materials are delivered to site too early there may not be enough room to store them; they may also get lost, damaged or stolen.


INDUSTRY TIP

Materials are best ordered ‘just in time’ for a building or joinery project. This means that they are requisitioned with enough lead time between the order being placed and the time they will arrive at the site or workshop.




KEY TERM

Lead time: the time between the start of a process until its conclusion.



Additional documents used to communicate information in the construction industry are outlined in Table 1.1.

▼  Table 1.1 Documents used to communicate information in the construction industry








	Document

	Description






	Bill of quantities

	A bill of quantities is a document produced by a quantity surveyor (further information about the quantity surveyor’s role is given later in this chapter). It contains a breakdown of all the different aspects of a building project contained on the working drawings and specification. The bill of quantities forms part of a package of documents, including the drawings and specification, that are sent to potential contractors so that they can price for a job. This is known as the tendering process. The contractors complete the bill of quantities by providing unit costs and labour rates against each aspect of the work, so that a total cost can be calculated and returned to the client.




	Delivery note

	
Materials and products that are delivered to the workplace will be accompanied by a delivery note from the supplier. A delivery note is a bit like a receipt for the goods; however, it is usually on the company’s headed paper (with a logo and address). It contains information about the quantity of materials that have been delivered, the delivery address and a reference number. The delivery note should be signed by the person receiving the goods after they have checked that:


	●  no items are damaged


	●  the correct type of materials have been delivered


	●  no materials are missing


	●  the correct quantity of materials have been delivered.








	Invoice

	An invoice is like a delivery note. An invoice is given by suppliers to people who have received goods or services on credit, showing a breakdown of the costs they are expected to pay.




	Job sheet

	Job sheets are usually issued by supervisors or managers to employees. They are documents detailing work to be carried out and sometimes materials to be used, and an allocated timescale.




	Requisition order

	A requisition is a document used to formally request materials from suppliers. They are used to keep a record of purchases made for each job, and control who can use a credit account with their suppliers.




	Site diary

	A site diary is normally completed by a construction site manager, to record day-to-day events that have happened. This could include weather conditions, deliveries and site inspections.




	Statement

	A statement is a document sent by a business to people or businesses that have credit accounts with them. The statement lists all the invoices that have been sent that month, the amount of credit for each one and a total amount of money expected to pay. Statements usually must be paid within 30 days of receiving them.




	Timesheet

	Hours worked on every job are usually recorded by employees daily on a timesheet. This information is then used to calculate wages and to estimate labour costs for future contracts.




	Architect’s instruction

	When an agreement has been made between a contractor and a client to undertake work, they usually sign a contract. If a change is made to the terms of the contract during completion of the work, then a document known as a ‘variation order’ must be completed before progressing. Agreeing changes in writing during the project avoids conflict between the client and contractor at the end of the project.







KEY TERM

Labour: a term used to describe physical work.




ACTIVITY

Create a simple programme of work for your next task, with a breakdown of the stages of work and the number of minutes/hours/days that it should take to complete.



It is important to look after and store records and other forms or written information correctly to prevent them being lost or damaged. Some documents may contain personal information or confidential data and must therefore be stored where they cannot be viewed by other people who are not authorised, in accordance with data protection legislation, such as the General Data Protection Regulation (GDPR) 2018. Examples of confidential documents include bank statements, health records, accident report forms and employment records. GDPR also requires that personal data must only be used for the purpose for which it was collected.

Scale used with drawings 

It is not possible to draw buildings and other structures at full size on a sheet of paper, so they are scaled down. Several different scales are commonly used in the construction industry to produce drawings in true proportion. A full-sized drawing such as a setting out rod (see Chapter 4) is produced at a scale of 1:1 (‘one to one’), more commonly called ‘full size’. This means that every millimetre drawn represents one millimetre in the real world. To reduce this scale further to, say, 1:2 means that every millimetre drawn represents two millimetres in the real world. Scales can be measured directly off a drawing with a scale rule, or by measuring with a standard ruler and multiplying the measurement by the scale. Table 1.2 gives examples of some of the technical drawings used in construction, the scales used to produce them and their purposes.

▼  Table 1.2 Examples of technical drawings used in construction, the scales used to produce them and their purposes









	Technical drawings used in construction

	Scale(s)

	Uses




	Construction drawings

	
	





	
Setting out rod

[image: image]

	1:1

	A full size setting out rod is typically used by bench joiners to mark out joinery components.




	
Assembly drawings

[image: image]

	1:5, 1:10, 1:20

	Assembly drawings provide detailed sections of how components fit together, such as the joint between two walls where they meet at a corner.




	
Component range drawings

[image: image]

	1:1, 1:2, 1:5, 1:10

	A component range drawing illustrates a full range of a particular component. For example, a ‘Window component range drawing’ would show views of every window for a particular building and their dimensions, and the positions of any openings.




	Planning drawings

	
	



	
Section drawings

[image: image]

	1:10, 1:20, 1:50

	Section drawings illustrate various views through a building or structure. They are used to see how different elements fit together in relation to the whole job. A section through a building might illustrate the depth of the foundation, the heights of the windows and the pitch of a roof.




	
Elevation drawings

[image: image]

	1:10, 1:20, 1:50

	Typical elevation drawings show the views of a building from every angle. They provide a true representation of a building by illustrating the positions of the doors, windows and roof shape. Elevation drawings may be used by joiners to measure joinery items for estimating purposes.




	
Floor plans

[image: image]

	1:50, 1:100, 1:200

	Floor plans show the arrangement of the walls to form rooms on each level of a building. They also illustrate the positions of doors, windows, stairs, kitchens, bathrooms and so on. Carpenters may refer to floor plans when they are hanging doors, so that they know which way they swing. Some floor plans may also illustrate heating and ventilation ducting.




	Location plans

	
	



	
Site plans

[image: image]

	1:200, 1:500

	
A site plan is a bird’s eye view of the building plot, or multiple plots on bigger construction sites. They illustrate the boundary (perimeter) of the site, roads, parking, footpaths, waterways and existing trees. Site plans show services, also referred to as ‘utilities’, such as:


	●  mains water pipes


	●  drains


	●  electrical cables


	●  gas


	●  communication (telephone, internet and cable television connections).








	
Block plans

[image: image]

	1:1250, 1:2500

	Block plans are usually produced to illustrate a building plot in relation to the surrounding area. These drawings are used by the client when submitting plans for approval to the local authority’s planning department.






Drawing symbols and hatchings

Usually, when location plans are drawn, they are arranged to make the best use of the paper size, and the top of the drawing is not necessarily the direction of north. The true direction of north in relation to the site is usually illustrated on the drawing with a symbol. Drawing symbols, hatchings and abbreviations are often used by architects and other designers to represent different materials and objects. They are also used to prevent drawings from becoming cluttered with excessive written information.

It is important that drawing symbols, hatchings and abbreviations are standardised, so that everyone recognises and understands them. The British Standards Institute (BSI) provides the benchmark for the drawing symbols used and understood by everyone in the building industry. Table 1.3 and Figure 1.4 illustrate some of the basic symbols, hatchings and abbreviations used.

▼  Table 1.3 Examples of basic symbols, hatchings and abbreviations used on technical drawings









	Drawing symbol

	
[image: image]
Toilet





	Hatching

	
[image: image]
Brickwork





	Abbreviations

	
C/C – Centre to centre

DPC – Damp-proof course

DPM – Damp-proof membrane

H/W – Hardwood

S/W – Softwood


	
PSE – Planed square edged (timber)

PAR – Planed all round (timber)

BLK – Blockwork

FFL – Finished floor level

MDF – Medium density fibreboard









[image: image]

▲  Figure 1.4 Drawing symbols and hatchings




Datums used in construction 

A datum is a reference point from which all other levels are taken and transferred. When a site is set out for the construction of a building, a reference point known as a temporary benchmark (TBM) will be set up on site. The height of the temporary benchmark will be recorded as the number of metres it is above the mean average sea level at Newlyn in Cornwall, UK. This point is used because of its relatively stable coastline. The heights of the foundations, windows, floors and roof can all be referenced back to this universal point. Many years ago, permanent ordnance benchmarks (OBM) would have been marked on public buildings and churches, and the heights recorded on an Ordnance Survey map. Today most construction sites are set out by a surveyor using GPS (the Global Positioning System).


INDUSTRY TIP

Laser levels that produce a green line are clearer to see and more accurate than those that produce red lines.



Carpenters and joiners use a datum as a reference point to install first and second fix work. A temporary line is often transferred around a room, approximately 1 m above the floor level, either with a long spirit level or a laser level. The datum line is then used as a reference to mark the heights of, for example, door frames and kitchen units. It is far more accurate to use this method than it would be to measure the heights from the floor, especially if the floor is unfinished or uneven.


ACTIVITY

Mark a 1 metre high datum around a room or workshop and take reduced heights at several points to determine the actual floor level values. (Make sure you have permission to mark the wall before completing this exercise.)
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▲  Figure 1.5 Datum line
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▲  Figure 1.6 Temporary benchmark
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▲  Figure 1.7 Ordnance benchmark
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▲  Figure 1.8 Laser level




2 ENVIRONMENTAL CONSIDERATIONS IN CONSTRUCTION

Construction is one of the biggest industries in the UK. A huge amount of CO2 (carbon dioxide) is generated when manufacturing and transporting the materials used in the construction industry. This carbon dioxide and the other greenhouse gases released into the atmosphere as a result of manufacturing and construction are harmful to the environment and contribute to global warming. Global warming is the effect of the Earth’s atmospheric temperature rapidly rising because of an increase in the levels of carbon dioxide and other pollutants.

About 10% of the land area on Earth is covered with snow and ice, which helps to reflect the heat from the Sun and regulate the Earth’s temperature. As the Earth’s surface and air temperatures rise, the ice caps are beginning to melt, causing rising sea levels and coastal flooding. Global warming also affects our weather, with more extreme dry and wet periods throughout the year causing flooding and droughts. The changing climates and warming seas also impact on wildlife and their habitats, many of which cannot adapt and survive in the changing conditions.


ACTIVITY

Research the areas of the United Kingdom that will be affected by rising sea levels in the next 10 years and the steps being taken to protect those areas from flooding.



Sources of energy 

Energy is a term used for a source of power. Most buildings use electricity and gas as sources of power for heating, lighting, electrical sockets and running appliances such as ovens and fridges. Mains electricity comes from the National Grid. This source of energy is made in thermal power stations around the country. The energy is created at the power stations by burning coal or oil to generate steam, which is then used to drive turbines. Coal and oil are known as fossil fuels, which means they are sourced from the Earth, having been naturally created in the ground over millions of years. Fossil fuels are therefore not renewable and are damaging to the natural world. The demand for coal, gas and oil is on the increase as the world’s population grows; however, these resources are starting to run out. For this reason, alternative sources of renewable energy are increasingly being used to fuel and power buildings and vehicles.


INDUSTRY TIP

Any electricity created with renewable energy that is not used can be sold back to the National Grid. This means that people who use renewable energy can not only save on the cost of the electricity, but also make a profit.




INDUSTRY TIP

Do you know that petrol and diesel are made from refined oil? Do you know that plastic is also made from oil? You could help to reduce the amount of oil you use by car sharing or using public transport and by recycling your plastic waste where possible.

You can reduce the amount of energy consumed for lighting in your home and workplace by switching to LED lights.



▼  Table 1.4 Renewable sources of energy








	Source of power

	Description






	
Wind

[image: image]

	Wind is an infinite source of power that is used to turn a wind turbine to generate electricity. Groups of large wind turbines, known as wind farms, are often used in coastal areas and at sea where the conditions are suited to this source of energy.




	
Sun (solar)

[image: image]

	The Sun’s heat can warm the water contained in solar panels to provide a source of heating. Alternatively, PV (photovoltaic) panels can be used to convert sunlight into electricity.




	
Water

[image: image]

	The natural movement of water can be used to create power. An early example of this is the wheel on a water mill. There are now more efficient methods of creating power (electricity), using turbines on the surface of and below the sea. This is called tidal power. Water can also be used to generate electricity as it flows through the turbines in a hydroelectric dam.




	
Biomass heating

[image: image]

	A biomass boiler generates heat by burning recycled wood pellets. The energy is then used to heat water and provide heating through radiators or an underfloor heating system.




	
Ground source heating

[image: image]

	A small amount of heat can be absorbed from the ground through a fluid in buried pipes. The low heat captured in the fluid can be raised to a higher temperature through a compressor; this is used to heat a building and provide hot water.




	
Air source heating

[image: image]

	Air source heating uses a similar principle to a refrigerator, but in reverse. An air source heat pump raises the level of heat in the air and pumps it into the building. This system does require electricity to operate the pump; however, it will reduce the amount of energy needed to heat and power the building.







KEY TERM

Infinite: used to describe something that will last indefinitely (forever), such as water. Natural materials like oil, coal and gas are finite resources, which means that they cannot be replaced once they have been used.



Sustainable materials 

Using building materials that can be found locally will reduce the amount of carbon produced in comparison with transporting the materials from further away. We should consider where the materials that we use to build with have come from and what impact their use will have on the environment. For example, timber is a sustainable resource that is often used in construction; however, if it is transported from a rainforest in Brazil then its use has a negative impact on the planet. Trees are good for the Earth and our health because they absorb carbon dioxide and produce oxygen. For this reason, we need to replace the trees that are cut down. In some regions of the world, huge areas of trees and rainforest are being cleared for other uses without replacing them: this process is known as deforestation. The timber that we use should come from a managed source, which means that for every tree used at least one is replanted.


ACTIVITY

Make a list of all the parts of your home that you consider to be sustainable and energy efficient, and the parts of your home that could be made more sustainable.



Features of a building that improve efficiency 

The energy that we use in our homes can be expensive, and the price continues to rise as the demand for it increases. Apart from using one of the alternative energy sources outlined above, we can also reduce the amount of energy used to heat a building by insulating it. Building design is extremely important for any sustainable home; for example, maximising natural light with large energy efficient windows or skylights can reduce the need for artificial lighting. The building can also store the energy from the Sun during the day to keep it warm in the night, therefore reducing the amount of energy that is needed for heating. A well-designed building must also be a healthy environment for the occupants, with a good source of clean fresh air ventilating the spaces through ventilation systems or naturally through doors and windows.

Figure 1.9 shows the areas of a building where most heat is lost.



[image: image]

▲  Figure 1.9 The areas of a building where most heat is lost




Later in this chapter, we will look at the main components of a building and where insulation is used to prevent heat loss and conserve energy. Table 1.5 illustrates some of the most commonly used types of insulation.

▼  Table 1.5 Most commonly used types of insulation








	Type of insulation

	Description






	
Draught excluder

[image: image]

	Energy efficient doors, frames and windows will be sealed with draught excluder to prevent warm air leaving the building and cold air entering. Many different types of draught excluders are available; however, they are generally made of foam or soft rubber.




	
Double or triple glazing

[image: image]

	All modern homes are constructed with double or triple glazed windows and doors, with either two or three panes of glass. 18% of heat generated in a building can be lost through its windows.




	
Mineral wool

[image: image]

	Mineral wool is made of molten rock woven into slabs or rolls of bulk insulation. Bulk insulation traps air within the material to retain heat.




	
Blue jean and lamb’s wool

[image: image]

	Blue jean insulation is made from recycled denim and lamb’s wool is made from the wool of sheep. Both types of insulation work by trapping pockets of air in them to retain heat. Thicker layers of these types of insulation are needed to achieve the same insulation levels that can be achieved with reflective foil.




	
Reflective foil insulation board

[image: image]

	Manufactured from rigid polyisocyanurate (PIR), with foil faces. The reflective foil insulation boards prevent heat loss by reflecting heat off the foil surfaces back into the building. Standard sheet sizes are 1200 mm × 2400 mm, and vary in thickness from 12 mm to 150 mm.




	
Multifoil reflective insulation

[image: image]

	Multifoil insulation works in a similar way to the reflective foil insulation board; however, it comes on a roll and is substantially thinner.






We rely heavily on the use of electrical devices to make our lives easier. Appliances such as televisions, washing machines, tumble dryers and dish washers consume a lot of energy. Some of these products are available with energy-saving features, which make the products cost more to purchase but over time they will save you money.

For example:


	●  energy-saving washing machines only use a cold-water supply and consume less water, which results in reduced waste


	●  low-energy light bulbs and fittings that take LED bulbs use up to 90% less power than conventional lighting and have a longer lifespan.




The water that runs through the pipes in our homes to the taps is clean drinking water, but we do not always drink it. Water is also used to shower, wash the car, water the grass and flush the toilet. A huge amount of energy is used to filter, clean, purify and pump water to our doorsteps, therefore we should use it wisely without wasting it. The rainwater that lands on ours roofs and down through the guttering system can be saved and reused. This is known as brown water. The recycled water can be used to water plants and grass in the garden or flush our toilets; this system is known as ‘rainwater harvesting’. Again, this is a simple design idea that will reduce the consumption of water, reduce bills and save energy.

Waste management 

Disposing of construction waste is an extremely expensive business. To reduce the amount of waste disposed, multiple skips and bins are usually provided on construction sites to segregate waste according to the materials they are made from. Skips and bins that only contain one type of material are usually cheaper to hire, use and empty than one filled with mixed waste. Glass, metal, bricks and blocks, plasterboard and timber are examples of materials that are either reused or recycled in the construction industry. Plasterboard should not go to landfill sites with other waste materials because it contains gypsum, which can produce toxic hydrogen sulphide gas if it is mixed with other biodegradable materials.

In the past, waste was usually sent to landfill sites, where it was buried in the ground. The problem with this method of waste disposal is that many of the materials do not break down (degrade) in the soil, and those that do break down create dangerous gases that are harmful to the environment.

Wherever possible, you should try to reduce the amount of waste produced by:


	●  not over-ordering materials


	●  accurately measuring and cutting


	●  storing materials correctly to avoid damage


	●  reusing materials whenever possible


	●  recycling waste.





3 CONSTRUCTION OF FOUNDATIONS 

All structures and buildings must be constructed on a solid base, known as a ‘foundation’, to prevent them from sinking into the ground and becoming unstable. The shape and size of a foundation must be accurately calculated and designed by a professional structural engineer, to ensure that it will support the dead load of the building and the live loads that will also be imposed upon it. In addition to these weights, the type of foundations used may be influenced by the ground conditions and the type of soil. The construction site may also be on a slope, next to a river or a road with heavy traffic, which could affect the strength of the foundations.


KEY TERMS

Dead load: the weight of all the materials used to construct a building or structure.

Live loads: the additional weights that a foundation supports after it has been constructed and is in use. People, furniture, wind and snow are just some of the live loads that a building has to be designed to support.



This section looks at the different types of foundations commonly used to construct low-, medium- and high-rise buildings, as well as the materials used and how to calculate the quantities required.



[image: image]

▲  Figure 1.10 Low-rise (top left), medium-rise (bottom left) and high-rise (right) buildings




Types of foundation

The conditions on the ground we walk on vary dramatically and can have a huge influence on the type of foundation used. The strongest and most stable ground is made of rock, such as granite and limestone, but this can be extremely hard and sometimes expensive to dig through when building. Firm clay is an example of poor soil conditions that is likely to expand and swell, causing an upward movement in the ground; this is referred to as ‘ground heave’. Other soils that contain gravel, sand and peat are also known to be unstable, and therefore require deeper or more costly foundations.

Before any building work can start, samples of soil are usually taken from the building site and tested to determine which type of foundation is most suitable. There are four main types:


	●  strip (including wide strip and deep fill foundations)


	●  raft


	●  pile


	●  pad.





Strip foundation

Low-rise domestic buildings, such as bungalows and houses, will usually have a strip foundation to support the weight of the building. A strip foundation consists of a trench dug into the ground at a depth required by the local planning authority or as soil sample testing determines, depending on its bearing capacity. Once the trench has been approved by the building control officer, it can be filled with 150–500 mm of concrete. Once the concrete has set, the bricklayers will start to build the walls of the structure out of the trench to approximately 150 mm above the ground level. The bricks and concrete blocks used below the ground level are likely to absorb water, therefore special engineering bricks and trench blocks are used to prevent moisture or frost damage. At this height, a damp-proof course (DPC) is laid on top of the brickwork before any further brickwork is laid. The term used for the foundation and brickwork up to this level is known as the substructure.


KEY TERMS

Building control officer: a professional who represents the local authority’s planning department or an independent organisation. Part of their role is to visit construction sites and monitor the standard of the building work at various stages throughout the project, to make sure it meets with national Building Regulations.

Damp-proof course: a layer of plastic, supplied on a roll, used to prevent damp rising from the ground through the brickwork.
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▲  Figure 1.11 Strip foundation





Wide strip foundation

If the ground conditions are found to be weak while digging a trench for a strip foundation, you should either dig deeper until firm ground is reached, which could be expensive, or increase the width of the trench and reinforce the concrete with steel. A reinforced foundation is known as wide strip.
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▲  Figure 1.12 Wide strip foundation




HEALTH AND SAFETY

A trench for a foundation is considered a confined space and can be an extremely dangerous place to work. One cubic metre (1 m³) of soil weighs approximately one tonne.

The sides of a trench have the potential to collapse; it could flood; oxygen levels in a trench can be reduced. You should only work in a trench as a last resort after a risk assessment has been completed and all the necessary safety precautions have been taken.




Trench fill foundation 

Sometimes, the depth of a strip foundation needs to be increased until firm, stable ground is reached. In this case, it might not be practical or safe to work in a deep and narrow trench, so it may have to be filled with concrete to just below the ground level. This is known as a trench fill foundation.
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▲  Figure 1.13 Trench fill foundation




Raft foundation 

When the soil has a weak load-bearing capacity to support a building with strip foundation, a raft foundation may be used. A raft foundation is not only built directly underneath the load-bearing walls, but also extends across the entire footprint of the building. This type of foundation is reinforced with steel as well as concrete, to prevent any uneven subsidence causing cracks in the foundations and walls.


KEY TERM

Subsidence: when the weight of a building or structure sinks into the ground.
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▲  Figure 1.14 Raft foundation




Pile foundation

Pile foundations are commonly used for multi-storey, high-rise buildings or where the soil is not strong enough to support the weight of the building. Piles are made by drilling holes deep in the ground, filling them with concrete and reinforcing them with steel. These are referred to as ‘replacement’ or ‘non-displacement’ piles.  Alternatively, hollow piles can be knocked into the ground with a pile driver and reinforced with concrete and steel. These are referred to as ‘displacement’ piles.
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▲  Figure 1.15 Pile foundation





ACTIVITY

Follow the link below to watch an animation on how pile foundations are constructed:

www.youtube.com/watch?v=aAZoTG0EY3U



Pad foundation

Industrial buildings and warehouses are usually built with cost-effective large steel frames, infilled with low high walls and insulated panelling. Most of the weight in these types of buildings is supported where the steel frames meet the ground; therefore, the ‘pad’ foundations are constructed at these points. Pad foundations may also be used to construct independent structures such as detached piers.


KEY TERM

Pier: a brick, block or concrete pillar that is not connected to a wall.
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▲  Figure 1.16 Pad foundation






INDUSTRY TIP

Tree roots can cause damage to foundations, driveways, footpaths and underground pipes; therefore, you should never plant trees too close to a building without considering the local authority requirements and how big the trees could eventually grow.




Materials used in concrete foundations 

Concrete is made from aggregate, cement and water, and sometimes reinforced with steel. Aggregate is a technical term for different sized crushed rock; this can vary from sand (known as fine aggregate) to gravel or crushed stone (known as coarse aggregate). As soon as the cement and water are mixed, they form a paste which covers the aggregates and binds them together like glue. Once water is added to cement, it causes a chemical reaction that makes it harden or cure; this process is called hydration. The fine and coarse aggregates are more stable than cement, therefore they strengthen the concrete and prevent it from cracking.



[image: image]

▲  Figure 1.17 Course aggregates




Most buildings and structures such as bridges rely on the strength of concrete to support them. If the ratio of materials mixed is wrong, the concrete will crumble under load and crack. The correct ratios of materials for concrete are:


	●  concrete strength grade M5 = 1 part cement + 5 parts sand + 10 parts gravel + water


	●  concrete grade M10 = 1 part cement + 3 parts sand + 6 parts gravel + water


	●  concrete grade M20 = 1 part cement + 1.5 parts sand + 3 parts gravel + water.




The amount of water added to the mixture depends on how much water there is already in the aggregate. If too much water is added it will weaken the mix, but if too little is used it will make the concrete difficult to work with.

Chemicals known as additives can be included in concrete mixes to control setting times, increase the durability of the concrete, reduce potential cracking due to excessive water, and so on. It may also be necessary to increase the curing time of concrete in the colder seasons to prevent cracking or to slow down curing times to allow large quantities to be poured and levelled in warmer conditions. Plasticiser is an additive that is often used in concrete and mortar to make these materials more flexible and easier to work with by decreasing any friction as they are used. The standard ratio of mortar mix is 4 parts building sand to 1 part cement plus water until it sticks together, but is not too dry. Plasticiser is usually added to mortar to reduce the amount of water needed by trapping air in the mix, making it more workable (easier to work with).


KEY TERM

Mortar: a building material produced when building sand, cement and water are mixed together. Mortar is the glue that sticks or bonds bricks and concrete blocks together to build walls.



Large amounts of concrete for foundations, floors, walls and so on can be pre-mixed and delivered to site in a concrete mixer truck. The concrete can then be offloaded down a chute into wheelbarrows or directly where needed. It can also be pumped from the truck through a flexible pipeline when access is difficult, for example at the back of a property. Smaller amounts of concrete can be mixed with a cement mixer or by hand; however, it is slower to do this and the ratios could vary.

Wet concrete contains pockets of air that could weaken it, so these air pockets have to be removed before the concrete cures. There are several methods that can be used to remove air pockets; each one involves vibration so that the air rises to the surface to compact the concrete. Tamping the top of the concrete with a sturdy plank of timber will remove some of the air and help to level the surface; using a vibrating concrete poker is more effective.


KEY TERMS

Tamping: the process of gently tapping the surface of wet concrete with a batten or plank after it has been laid. Tamping releases trapped pockets of air in the concrete and causes them to rise to the surface, therefore strengthening the concrete.

Vibrating concrete poker: a power tool used to remove pockets of air from freshly poured concrete. When the vibrating poker head is submerged into the wet concrete the vibrations cause any bubbles present to rise to the surface.




ACTIVITY

Concrete is not very sustainable or good for the environment. Use the internet to research alternative materials that could be used to construct the foundations for a building.



Calculating the volume of concrete used in a single strip foundation 

It is important to accurately calculate the amount of concrete needed for a project, such as a strip foundation. Information required to work out the quantity of materials needed can be obtained from the architect’s drawings and specification. Underestimating the amount of materials required could mean that you may price too low for the job. It could also mean that you run short of concrete, which could cause a delay in the programme, and if you are unable to get the remainder of the concrete to complete a job on the same day, the foundation would have to be joined, which could cause a weakness. Overestimating the amount of concrete needed for a foundation could impact on your profits and result in difficulties disposing of the unwanted material.

Volume

The volume of concrete is measured in cubic metres and is calculated using the following formula:

Length × width × depth = m³

Example 1 

Figure 1.18 shows a simple strip foundation.



[image: image]

▲  Figure 1.18 A simple strip foundation




Volume of concrete required = 9.00 × 0.450 × 0.200

Answer = 0.810 m³ of concrete

Example 2 

Figure 1.19 shows a strip foundation for a small building.



[image: image]

▲  Figure 1.19 A strip foundation for a small building




To calculate the volume of concrete needed for this foundation you can apply the same method used for Example 1. However, you need to be careful not to include the widths of the foundation for the two end lengths.

[image: image]

Total volume of concrete required = volume of concrete required for A and C + volume of concrete required for B and D

Total volume of concrete required = 2.7 m3 + 1.44 m3

Answer = 4.14 m3 of concrete



IMPROVE YOUR MATHS [image: image]

Calculate the volume of concrete needed for the raft foundation shown in Figure 1.20.



[image: image]

▲  Figure 1.20 Pad foundation







4 CONSTRUCTION OF INTERNAL AND EXTERNAL WALLS 

The purposes of the external walls of a building are to support the weight of the upper floors and roof, as well as keep the interior secure, warm and dry. Internal walls can also be load-bearing; other internal walls are simply used to divide up spaces and offer privacy. This section looks at the key differences between internal, external and load-bearing walls. We also analyse the materials used to construct them, and various wall finishes.


KEY TERM

Load-bearing: supporting a weight. Elements of a building that are load-bearing could include a floor, wall, roof or chimney. Internal or external load-bearing walls should never be removed without consulting a structural engineer first.



Types of internal and external walls

External walls

Solid walls 

Solid walls with a single layer (known as a ‘skin’ or ‘leaf’) have been used to construct buildings for many years, and examples may still be found today in older properties around the country. Solid walls can be made from:


	●  stone


	●  timber


	●  straw bales


	●  concrete


	●  masonry (bricks and blocks)


	●  cob (a mixture of soil, clay and straw)


	●  rammed earth.





ACTIVITY

Investigate rammed earth walls and write a short report on the advantages and disadvantages of this method of construction.



Although the mass of a solid external wall can provide excellent thermal insulation in the winter and keep a building cool in the summer, moisture and damp can often still penetrate through these walls. If a building becomes damp on the inside it creates not only an unhealthy environment to live and work in, but it can also cause damage to the structure. To prevent this from happening, a second inner wall needs be built with a space between, typically 100–150 mm, which is known as a ‘cavity’. The internal cavity walls usually support the roof and upper floors of a building.



[image: image] 

▲  Figure 1.21 Solid wall




Masonry cavity walls 

The inclusion of an inner wall prevents water travelling from the outer skin to the inner skin. Any water that passes through the outer wall will travel down the internal surface and be directed out of the cavity by a cavity tray and weep holes.

The inner and outer walls are connected with stainless steel wall ties so that they act as one wall, thereby increasing the wall’s stability. The wall ties are designed with a twist in them, so that water cannot travel or bridge from one wall to the other to cause damp. The cavity between the two walls should also be partially filled with thermal insulation while still allowing an air gap to ventilate the space. Sheets of rigid insulation are held tight against the external face of the inner wall with plastic retaining clips that fit over the wall ties. If the insulation is not retained against the inner leaf, moisture could travel across the cavity to cause damp and mould growth.


KEY TERM

Thermal insulation: a product used to retain the heat in a building, therefore making it more energy efficient. Other types of insulation include sound insulation and fireproof insulation.



If the wall already exists in an older property that was built without insulation in the walls, small holes can be drilled in the wall and loose fill insulation can be injected. However, care should be taken to ensure this does not create a path for moisture to pass from the outside to the inside walls.


KEY TERM

Loose fill: insulation used in a cavity; commonly made from water-resistant polystyrene beads.
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▲  Figure 1.22 Cavity wall





INDUSTRY TIP

Bricks can be either solid, perforated or frogged. Hollowed bricks are shaped with holes in them to reduce their weight; frogged bricks have a cavity on one








Traditional timber frame 







Modern timber frame
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Internal walls

Partition walls 
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External walling materials and components 
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Brick bonds 
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Internal walling materials and components
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Calculating the area of a wall








Example 1 
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Example 2 
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Paint systems for new plaster





















	

	

	

	










5 CONSTRUCTION OF FLOORS 








Types of floors 

Ground floors
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Upper floors
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Components of solid concrete ground floors




[image: image]













	
	



	
	






	
	



	
	



	
	



	
	



	
	




















Components of timber floors










	
	



	
	



	
	



	
	



	
	



	
	



	
	



	
	










6 CONSTRUCTION OF ROOFS 


Types of roofs


Flat roofs
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Pitched roofs
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Components of roofs
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Modern construction methods





	

	

	



Calculating the linear quantity of fascia board








	

	













Linear measurement 


Example 1
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Example 2
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Percentages



Example 1 



Example 2 




Example 3




Example 4




Paint systems for timber
















	

	

	

	

	

	

	








































7 HOW TO COMMUNICATE IN THE WORKPLACE 









Job roles within construction











	



	
	
	





	
	
	



	
	
	



	
	



	
	



	
	



	
	



	
	



	
	



	
	



	
	



	
	
	



	
	
	



	
	



	
	
	



	
	



	
	



	
	



	
	



	
	



	
	



	
	



	
	



	
	
	










Clear and effective communication 







Positive and negative communication with colleagues and others





	

	

	

	

	

	

	

	

	

	

	

	

	





	

	

	

	

	

	

	















Communication methods used to pass on information to colleagues 










	
	





	
	







	
	



	
	



	
	



	
	



	

	

	

	

	








	
	



	
	



	
	



	
	










Information to record when taking a message
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