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Preface

This is the fifth edition of The Construction of Houses, which was first published in 1990. The book
has continually evolved through each edition, but this latest edition has seen, perhaps, the
most significant changes in content. For this new edition each chapter has been thoroughly
reviewed and new content added where appropriate. Furthermore, the very important issue of
sustainability, which has had such a significant effect on the construction of houses, is reflected
in the reworked individual chapters of this new edition, and placed in context by a new chapter
giving an overview of sustainability. New chapters on ventilation and decoration, plus an
introductory chapter which sets construction in its wider context and establishes its background,
have been added.

Despite these significant changes, the aim remains the same as it did for the first edition:
to produce an interesting, up-to-date, and informative introduction to domestic building
construction and services which will be of value to all those students and practitioners who
work, or intend to work in what is now commonly known as the Built Environment.

The book is aimed not just at those who need to develop a broad understanding of
domestic construction as part of their studies; it will also be invaluable to those already in
professional practice seeking reference or guidance.

Although much of the content has been updated and new material added for this latest
edition, it retains the three main objectives that have helped to shape all the previous editions of
the book:

« toprovide a broad understanding of the principles of house construction

« tointroduce the reader to current building practice

» toexplain earlier forms of construction in order to reflect the fact that dwellings built after 1990
account for only about 12% of the housing stock.

This book is not, therefore, a catalogue of modern construction details, but is intended to provide

a balance of knowledge and understanding in order to give students and practitioners:

« agood foundation for further study

« confidence and competence in their dealings with other building professionals or

members of the public
« the ability to evaluate the mass of authoritative advice and trade literature currently available.
Following on from the contextual material contained in Chapter 1 Introduction and Chapter 2
Sustainability, the chapters are divided up into the key elements of a house (foundations, floors,
walls, etc.) with additional chapters on thermal insulation and condensation and on ‘system’
building/modern methods of construction. The chapters covering building services concentrate
on providing a broad introduction to the various systems and installations available, rather than a
detailed examination of their individual components.

Where possible, each chapter traces the evolution of modern construction, partly because,
as we have said, much of the UK's existing housing stock is old, but also to show that today’s
building practice has largely developed through an understanding of yesterday’s failures, or new
requirements for how a house fulfils its function.

The first two editions of the book contained short sections on building defects. These have
been omitted in the later editions, partly to make way for new material, and partly because our
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Preface

other book, Understanding Housing Defects (third edition published in 2009 and a fourth edition
planned for publication in 2013) covers this area in much more detail.

It is important to understand that the construction methods and materials that are described
in this book, while up to date and current, intentionally reflect ‘the norm’in new-build house
construction as it stands at the early part of the second decade of the twenty-first century. It,
therefore, reflects what is being built by the ‘average’ developer for the majority of occupiers.
So, for example, while the book includes changes in construction, materials and services which
have been developed and used as part of a reaction to sustainability and energy efficiency
issues (such as photovoltaic cells and solar panels), it does not include discussion of elements
or features which are not in mainstream use at present, or which are unlikely to be in the near
future (such as green roofs, straw bales and hemp-based materials). Also, the book does not
include reference to services such as wind power and community heat and power schemes,
because it has concentrated on the construction of the individual house — albeit that those
described in the book are most likely to be built as part of a larger development. Because the
book deliberately concentrates on the type of house that is likely to be built by the mainstream
developers, it makes no reference to the ‘one-off' types of design and construction that might
be used by individual architects for specific clients (e.g. those making use of ‘steel and glass’ or
glulam beams).

Finally, as the title implies, this is a book about house construction, and so, although there
are one or two references to the differences in treatment between flats and houses, these are in
the nature of asides rather than a discussion on the construction of those domestic dwellings
that are not houses.
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DUNCAN MARSHALL

Duncan Marshall and Derek Worthing were the authors of the first four editions of The Construction
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much of the content) of the book remains that which he and Derek developed over the years.
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Introduction

This chapter provides guidance for those new to the subject on how to set about the study of
building construction. It includes general notes on a number of over-arching principles, statutory
requirements, standards and procedures that apply to the construction process, particularly to
houses. These are also highlighted, but not necessarily discussed in detail, in the chapters that
follow. Reference is also made in this chapter to sources where further information on building
construction and design may be found.

The book focuses on low-rise domestic construction, i.e. houses of two or three storeys and
bungalows. Where appropriate, reference is made to flats/apartments, although these are more
often to be found in high-rise buildings, which are outside of the scope of this book.

House construction in England and Wales is the main focus of the book. While specific
practices that differ from those in Scotland and Northern Ireland may exist, the principles of
construction are similar throughout the United Kingdom.

It must be realised that the construction process is a continuum. The development and
application of new design and building techniques, materials and components never ceases. The
environment in which it takes place does not remain constant. The performance requirements
of buildings are continually increasing. The way in which space is used as well as the appearance
(internally and externally) of buildings are all subject to frequent change as they react to shifts in
the housing market, driven by consumer demand, government legislation and the influence of
building designers.

How to ‘read’ construction

Some students of building construction have no difficulty in assimilating and understanding
what it is all about. The written descriptions and the details set out in the construction diagrams
all make logical sense from the moment they open their first textbook. Others simply struggle;
however often they read the text and review the diagrams and photographs, all they see is a
fog of facts and details, none of which makes clear sense. Even if one part does become clear,
making connections with the other areas of construction remains difficult.

How is it possible to overcome this challenge?

Many students do overcome this initial barrier, including at least one of the authors who spent
the first year of his studies wondering if the construction of a building would ever make sense.
There is probably no ‘Eureka!" moment for most of us; it is simply a matter of working out a
strategy that enables us to comprehend the construction process and its details.

One method of study that creates difficulties for many students of construction is attempting
to learn the subject from just reading one or more textbooks. Construction is very much a
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hands-on subject and attempting to learn about it by simply cramming information from a book
is not highly productive. The learning process needs a much more pro-active engagement with
the subject. This book can provide basic knowledge, but the student also needs the stimulus

of going out and looking at buildings in the light of that knowledge. This will aid assimilation.

If possible, also look at active building operations. It is also very helpful to sketch or draw
construction details, whether from real life or from a textbook.

The importance of learning how to sketch

It is an important skill for any student of construction (and for the experienced practitioner as
well) to be able to sketch or draw construction details, whether from real life or by copying from

a textbook. Sketching, in this sense, means freehand drawing, while drawing is based on the use
of straight edges and set-squares to aid greater accuracy (and confidence). You may have heard
of technical drawing, which normally involves drawing to scale, but that level of accuracy is not
needed at this stage, unless you plan to make design part of your future profession. As a beginner,
you may also find it helpful to purchase a good book on architectural draughtsmanship.

In this book, as in other books on construction, there are many diagrams showing plans,
sections and elevations of houses. These, in combination with the accompanying text, help to
explain design and construction principles and application. An example of each is illustrated
opposite.

The first point to understand is that you need to learn to sketch (or draw) what you actually
see. Choose a simple diagram from the book and then redraw it as a sketch. Always sketch or
draw using a fairly soft pencil, such as HB. It can be helpful to sketch on graph paper, especially
if you lack confidence in your draughtsmanship. At the first attempt lines may be wobbly, but
that is unimportant. What matters is that the sketch gives you a better appreciation of the
construction detail. The lines will become straighter and more clearly defined with practice. Use
light pencil lines to start with to shape an outline or framework of what you see (at this stage a
ruler may be helpful) and then firm the lines up (freehand) to make a copy of what you see - you
can try inking them in as shown in the sketch of the floor plan opposite. Such an exercise will
transform the selected detail, be it of a foundation or a roof, from some vague representation in
your textbook to hard fact that means something to you. If it does not work first time, repeat the
exercise as many times as necessary for the construction detail to become meaningful. The use
of different coloured pencils or pens to highlight particular details can also aid your knowledge
assimilation.

Repetition of the exercise for the same piece of detail or sketching of the different parts
of a building should enable you to master a skill that you initially feared. It is surprising how
students who believe that they have no artistic or technical ability can, with application,
develop sufficient drawing skill to really aid their understanding of construction details and
processes. Even a crude sketch, clearly executed, can be informative. Sketching also means
clearer communication of construction principles and ideas generally in terms of examinations
or in a future career.

As practice makes you more proficient, you could practise sketching what is known as an
orthographic projection. This is a method where you draw or sketch a three-dimensional object,
such as a brick or a house, in two dimensions, i.e. on a sheet of paper. Detailed guidance on how
to go about this can be obtained from books on draughtsmanship, where you will find that there
are a number of different types of orthographic projection, including isometric projection. You
could start by sketching something simple, such as a brick, and graduate to more adventurous
subjects. An example of a brick drawn in isometric projection is shown on page 4.
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all of them, you can see the initial pencil framework on which the hard detail is
finally sketched.
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This diagram is an example of an
isometric projection of a brick.

Note how much more informative it is
than simple diagrams of each of the
side and end elevations.

When undertaking detailed design of a building, it is usual practice to produce scale
drawings showing the design information. Sketching, in contrast, is not usually to scale as it
is difficult to draw freehand to an exact scale. The technical drawings, i.e. plans, elevations
and sections, are normally drawn to one or more scales that reflect the level of detail required
by the development team, so that land, buildings or objects shown are represented at a size
that is in proportion to actual size — normally a smaller scale for land and a larger scale for
construction details. For example, 1/50 (which means that the drawing is one-fiftieth of the
full-size subject) would be used for a floor plan or elevation, while 1/200 would be used for a
site plan showing a proposed building in outline plus the land on which it sits. Today, technical
drawings for building projects are normally produced by computer-aided design (CAD)
systems.

Some key terms

You also need to become familiar with some of the key terms that are used by construction
designers and contractors. They include elements of construction, materials and components.

An element of construction (or element) is the term used to describe the basic units from
which a building is formed, such as the walls, the floors and the roof. A simple building, such as
a garage, will have six elements — four external walls, the ground floor and the roof. A building
of complex design will have many more elements: external and internal walls, several floors
and possibly a number of different roofs. The elements are carefully fitted together so that, in
principle, walls provide support to each other as well as to floors and roofs.

Each element is formed from various materials and may contain components. For example,
a wall may be solid or have two skins with a cavity between. A solid wall may be formed from
one or more materials. Each skin of a cavity wall can be formed from different materials, for
example, an outer skin of brick and an inner skin of concrete blocks. The wall may have one or
more components built into it, such as a window or a door. Internal fittings, such as kitchen units
or wash basins, etc,, are also components.

Buildings consist of above- and below-ground construction. That part of the construction
below ground is known as the substructure, all of the structure above ground level is called the
superstructure.

The construction process is further divided between first fix and second fix. First fix
comprises all construction from foundations to the provision of plaster on walls and includes all
carcassing joinery (e.g. roof and floor timbers), plumbing pipework and electrical wiring. Second
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fix denotes that part of the construction process that completes the building and includes
finishing joinery (e.g. staircases, skirtings, door frames and doors), plumbing fittings and electrical
components. These two terms are more likely to be used during the actual construction process
rather than when a building is being designed.

Metric and imperial dimensions

One final point must be made. Until comparatively recently, UK building design and construction
was based on the imperial system of measurement rather than the metric system. All
construction design and manufacture is now based on the latter and you will find only metric
dimensions used in this book.

However, when inspecting and dealing with construction in older buildings, it should
be noted that component and material sizes do not readily translate between the two
measurement systems and, therefore, it is helpful, but not essential, to have knowledge of
both. Some metric sizes make sense (e.g. a 200mm x 100mm piece of timber), others are odd
conversions from the old imperial sizes, one example being that of a standard brick. Under
the imperial system, its nominal measurements including the mortar joints were 9" (228.6mm)
long x 4%4" (114.3mm) wide x 3" (76.2mm) high. A metric brick is nominally sized at 225mm x
112.5mm x 75mm which, although slightly smaller, is a close conversion from the imperial size.
Metrification also means that care must be taken when working on older buildings to take
account of sizing differences, although some manufacturers of materials and components do
still provide imperial products for the refurbishment market.
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The statutory control of building and development
Historic background

The materials and techniques used in the construction of our houses have changed considerably
during the past few hundred years. This evolution is due to a number of factors besides the
obvious one of advances in technology. Economic, political and social pressures have all played
their part in affecting the quality of our built environment. Perhaps the most influential factors
were the social pressures brought about by the realisation of the connection between poor
housing and ill health. This led to a number of Acts of Parliament from the Victorian period
onwards that eventually established basic requirements for decent housing conditions. These
requirements included adequate sanitation, water supply, natural light, ventilation, and freedom
from damp. These criteria still influence the way that houses are designed and built today and
many of them are covered by the Building Regulations, which were first introduced in 1965 and
have been amended several times since. The primary purpose of the Building Regulations is to
establish minimum standards to ensure the health and safety of the building's occupants. They
do not, as some people assume, necessarily define quality or levels of workmanship.

Other legislation affecting the construction of houses includes Public Health Acts, Housing
Acts, Planning Acts and the Water Regulations. Brief details of some of the key statutes and
regulations are set out below and further references to them are made, where relevant, in the
chapters that follow.

The Building Regulations

All new building work and most alterations to existing buildings must meet the requirements of
the Building Regulations. These set mandatory standards of design and construction and cover
all of England and Wales. There are separate Building Regulations for Scotland and for Northern
Ireland. The regulations are concerned with the health and safety of building users, energy
conservation and access to and use of buildings and are made under the statutory powers of
the Building Act 1984. The Building Regulations for England and Wales have been updated at
frequent intervals since their introduction in 1965 and the latest edition at the time of writing is
the Building Regulations 2010. Further reviews are in the pipeline.

Guidance on how to comply with the Regulations is set out in a series of Approved
Documents which detail ‘broad functional requirements' for the performance of a building. They
offer designers the opportunity of strictly following the technical guidance that they contain or,
alternatively, undertaking more liberal interpretations, as long as the design meets the minimum
performance standards set out.

A sense of the range of the performance requirements of the Building Regulations 2010 can
be gained from the headings of the Approved Documents:

A: Structure

B: Fire safety

C: Site preparation and resistance to contaminants and moisture

D: Toxic substances

E: Resistance to the passage of sound

F: Ventilation

G: Sanitation, hot water safety and water efficiency

H: Drainage and waste disposal

J: Combustion appliances and fuel storage systems

K: Protection from falling, collision and impact
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L1A: Conservation of fuel and power — new dwellings

L1B: Conservation of fuel and power — existing dwellings

L2A: Conservation of fuel and power — new buildings other than dwellings

L2B: Conservation of fuel and power — existing buildings other than dwellings

M: Access to and use of buildings

N: Glazing - safety in relation to impact, opening and cleaning

P: Electrical safety — dwellings

7: Materials and workmanship.

As well as the Approved Documents, there are sections within the Building Regulations dealing
with definitions, procedures to be followed and the types of building that are exempt from
control. Each edition of the Building Regulations has raised and extended the performance
standards required of buildings, much of the recent focus being on electrical safety and
sustainability requirements, including the conservation of energy.

A key point to note is that, once controlled work has been completed, a building does not
have to conform to later and higher building standards unless work is subsequently undertaken
on it that requires further statutory permission. This means that many houses do not comply with
current building standards.

Planning controls

It has been a statutory requirement since the Town and Country Planning Act 1947 that all new
development’ within the United Kingdom requires planning permission. Subsequent legislation has
amended the 1947 statute, but the principle is that all new development (including totally new
buildings, new extensions if above a certain size or to the front of a building and the change of

use of a building) is subject to planning control. Heritage protection is also important and there are
further planning controls over listed buildings (i.e. buildings placed on the Statutory List of Buildings
of Special Architectural or Historic Interest) and over buildings situated in a conservation area.

An application must be made to the appropriate local authority, setting out details of the
proposed development. In terms of a wholly new building, the application may be for outline
permission or detailed permission. There is a system of appeal to the Secretary of State (for the
environment) if a planning application is rejected by a local authority; appeals are handled by the
Planning Inspectorate (a government body).

The statutory controls allow certain classes of development to houses, but not to flats and
other buildings, to be ‘permitted development, i.e. certain changes can be made to a house
without the need to obtain planning permission. These are known as ‘permitted development
rights’ and include, subject to certain restrictions, such building works as the erection of small
extensions and porches and also loft conversions.

The Defective Premises Act 1972

This statute applies to dwelling houses in terms of new construction, enlargement of an existing
dwelling or conversion to a new dwelling. It states that the work is to be done in a workmanlike
or professional manner with proper materials and the dwelling is to be ‘fit for habitation"when
complete. It imposes a legal liability on a contractor, designer or developer to a domestic client
plus any subsequent purchaser or tenant for a six-year period from completion of the building
work.
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Sources of ‘authoritative advice’

There are a number of sources of ‘authoritative advice' which offer advice and guidance on

good building practice. Perhaps the most prolific and significant source is the British Standards
Institution (BSI), which regularly publishes detailed guidance on a variety of technical matters.
This guidance includes British Standards (BS), which cover such areas as the quality, performance
characteristics and dimensions of materials and Codes of Practice (BSCP) which deal with wider
issues such as building design and construction methods. However, the European Union (EU)

is attempting to harmonise building practice across Europe with the result that many British
Standards have been, or are about to be, superseded by European Standards (EN). The EU has
also introduced Eurocodes; these are recently standardised design codes for building and civil
engineering in Member States and are intended to become mandatory.

Further ‘authoritative advice'is published by the British Board of Agrément (BBA), which
appraises new products and techniques, and also by the Building Research Establishment
Group (BRE), which produces a number of invaluable reports and digests on all aspects of
construction.

Trade bodies, such as the Brick Development Association (BDA), the Lead Development
Association (LDA), the Timber Research and Development Association (TRADA) and also many
material and component manufacturers produce excellent guides on specific products (for
example, the design tables from TRADA are specifically referenced in the Approved Documents
of the Building Regulations Part B). Finally, most volume house-builders are members of the
National House-Building Council (NHBC), which sets out minimum standards of construction for
new housing and produces regular bulletins and guidance relating to those standards and to
building defects.

A brief history of housing in England and Wales

The historical recognition of the form of houses tends to be identified by reference to a period
of English architectural style, for example Tudor or Victorian. The majority of the current housing
stock dates from the middle of the nineteenth century and later, although there are earlier
houses in existence, such as sixteenth century (Tudor), seventeenth century (Stuart, Carolingian,
William and Mary), eighteenth century (Queen Ann, Georgian) and early nineteenth century
(Regency). Nearly all of the extant houses of the sixteenth, seventeenth, eighteenth and early
nineteenth centuries are houses that were built for the so-called middle class (e.g. merchants
and professionals) and upper class. Only rare examples of cheaper housing from these periods
still exist.

The mid- and late nineteenth century (Victorian) saw a huge boom in the construction
of housing in response to the mass movement of people from the countryside into the cities
as a result of the Industrial Revolution. Cheap terraced houses for the workers, more spacious
semi-detached houses for the managers and detached villas for the owners were developed
in vast numbers on the outskirts of older towns, often by speculative builders, sometimes by
the well-off themselves. These houses had solid walls of brickwork and/or stone, sometimes
finished with render, roofs of clay tiles or slates, brick or timber-framed internal partitions,
gas lighting, rudimentary cooking, washing and lavatory facilities and coal fires for heating.
Much of the cheapest housing was of poor quality, using, for example, sun-baked bricks, and
has subsequently been demolished. However, large numbers of terraced, semi-detached and
detached Victorian houses are still in existence, albeit modernised at various times during the
intervening period.
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Houses built in the first decade of the twentieth century (the Edwardian period) are
considered by many experts to be the pinnacle of quality in terms of workmanship and materials.
Facilities are similar to those of the preceding century but of better quality. This period also saw
the rise of the Garden City Movement, based on the writing of Sir Ebenezer Howard, who was
highly critical of the urban development of the period and promoted the idea of a planned city
with generous public spaces and buildings, low-density houses with large gardens in broad tree-
lined streets and separate zones for factories and other industrial development. This led to the
creation of garden city towns, such as Letchworth, Hampstead Garden Suburb and Welwyn.

The period between the First World War and the Second World War (the inter-war period)
saw much greater state intervention in housing. Previously, involvement on the part of the state
had been restricted to the provision of legislation encouraging local authorities to take action,
but now the government legislated and provided the funding for the development of council
housing, i.e. local authority social housing. There was also considerable private speculative
housing development, leading to the suburban expansion of many cities. Both the council and
the private housing of the period, particularly the former, reflected some of the principles of the
Garden City Movement, especially the low-density housing, large gardens and broad tree-lined
streets. This period saw cavity-wall construction and concrete foundations become standard.
Floors and roofs were still constructed using cut timbers, bathroom and kitchen fittings were
installed as standard, but were still very basic, hot water was often provided by a gas heater and
space heating was again based on open fireplaces. Many rural houses still had no piped water,
mains electricity or mains drainage.

During both World Wars housing development was suspended and after the Second World
War little housing construction took place, apart from repairing bomb-damaged houses, until the
mid-1950s when the post-war period of house building really commenced. Both council housing
and private speculative development boomed for the next 20 years, although the standards were
still relatively low, e.g. few new houses had central heating and roof insulation was non-existent
until 1965, and then only minimal. However, most rural properties now had mains electricity
and water, and mains drainage became more common. Gradually, from the 1970s onwards,
trussed roofs, often finished with concrete tiles, became standard and modern timber framed
construction became relatively popular after a difficult introductory period; even where cavity
construction continued to be used, timber or steel framed internal partitions were commonly
installed. Central heating became the norm, and during the 1990s, cavity wall insulation and
double glazing became standard in new housing developments. Dry wall finishes were also
prevalent for new development. During the past 30 years or so, increasing use has been made
of new materials and techniques. Examples include composite timber products for structural
purposes and finishes and plasticised products, ranging from components such as windows to
paint systems. There has also been recognition that many older and sometimes discarded, or
unfashionable, products and materials are still relevant, e.g. clay roof tiles, roofing slates, lead
work and lime mortar.

The construction process

There are two distinct elements to the construction process — design and construction — and
the whole process from initial idea to delivery of a finished building is known as procurement.
Building procurement is a very complex subject, with a number of alternative methods, and the
following description is a simplified introduction to it.

A person or organisation (known as the client or employer) will wish to have building
works carried out, e.g. a project for the construction of a new house. Frequently, the client will
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raise the finance for the project and look for a professional designer (e.g. architect, architectural
technician, building surveyor) and a building contractor to undertake all construction; this is
known as traditional procurement, where design and construction are undertaken by separate
organisations. However, in an increasing number of projects, the client will expect to have the
whole construction process undertaken by a single organisation, which carries out both the
design and the construction processes, and this is known as design and build procurement.
The two procurement methods referred to above are those most commonly used for house
construction. Selection of a contractor is normally by means of a tender process — this is a
procedure in which competing contractors submit prices and other information that enable the
client to make a considered choice of a specific contractor.

Whichever procurement method is used, once appointed (normally by means of a formal
contract), the chosen contractor will carry out the building works. Sometimes the contractor will
undertake all of the necessary works itself, but more often they will be carried out by specialist
subcontractors who work under the direction of the contactor (who is then usually referred to
as the main contractor). Subcontractors include bricklayers, electricians, plasterers and plumbers.
Specialist suppliers provide materials (such as sand, cement, timber, bricks and plaster) and
components (such as bathroom and kitchen fittings, doors and windows).

The new-build housing market is divided between the private and public sectors. The private
sector is dominated by housing developers. These are building contractors who undertake both
the design and construction of housing, often with in-house staff, although they may also make
use of subcontractors for either process. These housing developments may range in size from
a few houses to many hundreds or thousands and in some cases complete new towns. In the
private sector, there are a relatively small number of very large developers and a greater number
of small and medium-sized developers. In the public sector, new housing is currently undertaken
by housing associations, although before the 1970s new public sector housing was developed by
local authorities. These public bodies make use of private sector developers and contractors to
undertake the actual construction of the houses.

Although the majority of new housing is constructed by developers, there are many new
houses built for individual owners by contractors. However, an alternative and increasingly
popular means of new house construction is self-build. This involves an individual, or group of
individuals, who wish to have a new house or houses built for their own occupation, finding
suitable land, organising plans from a professional designer and then actually getting involved in
the construction process itself, often by physically building the house themselves. Alternatively,
they appoint specialist contactors to undertake all or some of the construction work under their
own general direction or that of a professional project manager. Self-build currently provides
approximately 20 per cent of all new homes in the UK.

Finally, it should be noted that the construction industry has always been one of the most
dangerous industries to work in. It is safer now than formerly because there is wide-ranging and
continually increasing legislation that applies to the health and safety of the workforce and those
with whom it comes into contact.

Modern methods of construction (MMC(C)

Much prefabricated housing was constructed throughout the twentieth century, especially
during periods of high housing demand. Approximately one million prefabricated homes

were built, many of a temporary nature. Unfortunately, they were not always of a high standard
due to a mixture of construction problems and poor workmanship, although it was evident that
higher standards of prefabricated buildings were being achieved by the end of the century.
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By the early twenty-first century, it had become apparent that high-quality prefabrication
was needed in answer to the demand for faster construction and to overcome shortages of
skilled labour. ‘Modern methods of construction’ (MMC) was derived as a term to highlight
the creation and use of better prefabricated building products and processes throughout the
UK construction industry that would result in greater efficiency and quality. The products and
processes would also meet rising standards of sustainability and environmental performance.
Overall, the aim of MMC is to provide economic and energy-efficient buildings.

The term refers to a range of relatively new industrialised construction processes and
technologies that involve factory prefabrication, modular construction, off-site construction,
manufacture and/or assembly and other forms of system building. MMC also includes the use of
innovative building systems that are constructed on site, as well as the recycling of materials and
the reduction or avoidance of waste. Some of these ‘modern’ methods have been used for some
time, but they are all increasingly seen as providing the means of providing sustainable and
affordable housing.

Examples of MMC processes (some of which are discussed in more detail in later chapters)
include the following.

»  Modular construction (also called volumetric construction): Fully fitted-out three
dimensional units (known as pods) are factory-produced and stacked on site, one above another,
to form a building. They are mostly used for multi-storey buildings such as flats, although smaller
bathroom and kitchen pods are increasingly used for housing.

« Panellised construction systems: factory-formed flat panels (wall, floor and roof panels — the
latter two known as cassettes) are assembled on site into a three-dimensional structure. There
are many different types of panel including: open panels or closed panels — both associated with
timber-framed and steel-framed housing construction — and structurally insulated panels (SIPs).

*  Hybrid construction (also called semi-volumetric construction): Highly serviced areas, such
as bathrooms and kitchens, are factory-constructed as pods and fitted into a dwelling that has
otherwise been constructed with panels.

* Sub-assemblies and components: These are larger components that can be incorporated into
conventionally built or MMC dwellings. Examples include: floor and roof cassettes, prefabricated
dormers and prefabricated (i.e. pre-assembled) plumbing.

Conclusion

This chapter and those that follow aim to give a clear insight into the principles of domestic
building construction. Further knowledge can be gained from the many other sources of
information on both the design and the construction of buildings that are available to the
student or the practitioner, such as textbooks and websites as well as journals and magazines,
including those published by professional bodies and trade organisations.



Sustainability

Sustainable development: an overview

The idea of sustainable development, that is to achieve sustainable outcomes from human
activity, has been around for some considerable time. Sustainability can be seen as a rather
complex notion that, in detail if not in concept, has become so all encompassing and can
include so many factors that it is difficult to articulate, never mind measure. One of the
consequences is that it is often easier to prove a negative (i.e. that something is not sustainable)
than a positive (i.e. that something is sustainable).

The often quoted definition of sustainable development by the Brundtland Commission
(1987), 'development that meets the needs of the present without compromising the ability of future
generations to meet their own needs'is clearly aspirational but does raise the interesting distinction
between 'needs’ as opposed to ‘wants.

It is important to understand that, although the idea of sustainable development
can be seen to have emerged from various environmental concerns, it is much wider in scope
than just the interaction between development and the environment, because sustainability
also encompasses social and economic issues and activities. Sustainable development can be
seen as development that brings the best fit between social, economic and environmental
concerns. It aims to maximise all of these three benefit categories as far as possible, but there
is also an implication that there may be a trade-off between them. That is, there may be a
case where realising social benefits is justifiable even where there may be some negative
effects on the environment — and vice versa. A good example might be where the creation
of employment opportunities or a need for a new housing development may result in some
loss of environmental benefits. Alternatively, the necessity to protect the environment in
a particular instance may come at a cost to social and economic benefits. So, although a
sustainable approach would be to seek solutions that maximised all three benefits, it may be
that some aspects of sustainability are considered, in particular cases, to be more important
than others. There is, however, generally an implication that economic benefits should be long
term rather than short term, and should not be sought at the cost of social and environmental
benefits. It can be seen that a key aspect of sustainability is social sustainability — and that
environmental benefits and certain economic benefits are also, or at least can be, social
benefits.

Sustainable development, and hence the notion of sustainability, is therefore concerned with
the synthesis and integration of social, economic and environmental benefits.

In the context of housing, sustainable development will require that a variety of issues,
including such matters as affordable housing, mixing social and private housing, character and a
sense of place, access to facilities, infrastructure and centres of employment, etc. are addressed
alongside environmental issues.
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In relation to housing development and environmental sustainability, issues such as where
to build will raise a number of important policy issues, such as the provision of homes in rural
areas, the use of brownfield sites (which essentially ‘recycle’ land), the capacity of existing
infrastructure, access to public transport, etc. So a low-energy development which is situated so
that people have no choice but to travel by car to shops, places of recreation, work, etc., cannot
be considered to be environmentally friendly.

Within any housing development, design issues, such as safety, character, car-free areas, play
areas, the provision of green and recreational space, and the encouragement and protection
of wildlife habitat, etc., are examples of some of the environmental sustainability factors which
should be addressed.

There has also been much emphasis on the risk of flooding in recent years. Ensuring that a
housing development is safe from the risk of flooding is an important sustainability issue, which
relates to whether or not the development is sited in a flood-risk area, and, if it is, how the design
of the site and the individual properties can mitigate the risk of flood damage. There is a second
aspect to the issue of flooding, and that is that new developments should be designed so that
they do not increase the risk of flooding elsewhere. Sustainable drainage designs make an
important contribution to reducing flooding (and pollution) risk.

All of the above issues need to be taken into account in planning, designing and
constructing a new housing development in a sustainable manner. However, they are outside the
intention and scope of this book. The book therefore only specifically addresses how the issue of
sustainable development relates to the construction of individual new houses; it does not cover
the planning and design of estates.

Environmental sustainability and the construction of houses
Background

Since the mid-nineteenth century there has been growing concern about the interaction between
humans, buildings and the environment. However, the main focus of concern was usually the effect
on human health rather than on the environment (as seen in the Public Health Act of 1875, for
example). It was perhaps not until the 1960s that concerns about the effect of human activity on
the environment started to be more widely discussed, but it was in the early 1970s that the specific
issue of energy became more prominent, when the Western world found itself embroiled in a series
of energy crises precipitated by the Arab oil embargo. The embargo highlighted the vulnerability of
the many countries that were not self-sufficient in terms of energy supply and, to some extent, the
present emphasis on reducing energy, while focused on tackling climate change, is also being driven
by concerns about the security of energy supply, particularly given the reliance that is increasingly
being placed on gas and oil from abroad. A greater environmental awareness, plus the wake-up call
of the oil embargo, meant that there followed a relatively large amount of research into low-energy
buildings and energy conservation generally. The results of some of this research can be seen in the
development of ‘alternative’ energy sources, where power is derived, for example, from the wind, sun
or the waves. Despite some advances in the development and implementation of these approaches,
the vast majority of energy used today is still derived from fossil fuels. The obvious problem for the
near future is that these fossil fuels are a finite resource. However, a more immediate concern is the
environmental damage caused by the burning of fossil fuels, the two principal effects being:
* the production of carbon dioxide (CO,) (and other gases), which contributes to the greenhouse
effect’ and thus to global warming (climate change)
= the emission of oxides of nitrogen and sulphur, which contribute to the production of ‘acid rain!
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A significant proportion of CO, emissions are produced by houses through the amount and type
of fuel used in their construction and repair, as well as in the day-to-day running of the house.
This latter factor is affected by:

« enerqgy used to heat (and perhaps ventilate) the house

«  electricity required to provide adequate lighting

e energy required to provide hot water

« energy required to run increasing numbers of domestic appliances.

The built environment and climate change

It is clear that the biggest environmental challenge facing humanity is the problem of climate
change caused by global warming. The principal cause of global warming is the production of
greenhouse gases. Although carbon dioxide is the main culprit, other gases, such as methane,
nitrous oxide and fluorocarbons, contribute to the problem (the focus on CO, is due to the
comparatively large amount of this gas that is produced and also the length of time that it
remains in the atmosphere).
The major factors generating the production of greenhouse gases are the burning of fossil
fuels, the destruction of forests (including rainforests) and some agricultural practices.
Figures from the UK Government suggest that the construction industry produces
approximately 47 per cent of the UK's total carbon dioxide emissions and about 63 per cent of
this figure is produced by the domestic sector.
In the recent past, it was common to concentrate on attempts to build homes which used
less energy for heating and lighting. This is still a very important focus, but the sustainability
agenda has widened the scope of appropriate issues and engendered a more holistic approach.
The appropriate environmental issues to be addressed, in addition to energy used during
occupation of the house, include:
= energy used, and carbon dioxide released, in the production of building materials and in their
transport to site
»  whether materials used are naturally renewable — and, if so, whether they are derived from sources
which are managed in an ecologically beneficial manner

«  the extent to which materials have to be treated with chemicals in order to make them perform
effectively

« the amount of water used in the production of materials and in their use in the construction
process

« the amount of (and nature of) materials which are wasted on site

« theextent to which the production and use of materials might produce environmental pollution

« thelife expectancy of material and components.

UK Government policy

A number of national and international agreements and policies have focused on the need

to reduce global warming, and these have therefore had a significant effect on developing
guidance, legislation and practice in relation to the construction of housing. Perhaps the best-
known of the international agreements is the 1997 Kyoto Protocol, which led to legally binding
targets for reducing greenhouse gases. In the UK these targets were enshrined in the 2008
Climate Change Act, which set down the Government’s aim to reduce the UK's CO, emissions by
at least 34 per cent below 1990 levels over the period 2008 to 2022, and by at least 80 per cent
by 2050.
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In 2006, the Government-commissioned Stern Review produced an influential and often
quoted report entitled The Economics of Climate Change. The report considered the consequences
of climate change from an economic, political and social perspective as well as an environmental
one and suggested that:

climate change will affect the basic elements of life for people around the world — access to

water, food production, health, and the environment. Hundreds of millions of people could

suffer hunger, water shortages and coastal flooding as the world warms.

It also suggested that:

the overall costs and risks of climate change will be equivalent to losing at least 5% of global

GDP each year, now and forever. [..] If a wider range of risks and impacts is taken into account,

the estimates of damage could rise to 20% of GDP or more.

The Stern Report also said that stabilisation of climate change required that annual emissions

of greenhouse gases would have to be brought down to more than 80 per cent below current

levels and that this could be achieved through:

« increased energy efficiency, effected by changes in demand, and through adoption of clean power,
heat and transport technologies

= extensive carbon capture and storage (in order to allow the continued use of fossil fuels without
damage to the atmosphere)

e cutsin non-energy emissions, such as those resulting from deforestation and from agricultural and
industrial processes.

One specific action implemented by the Government to reduce carbon dioxide emissions

in new housing has been the Code for Sustainable Homes. The aim is that, by 2016, all new

houses should be ‘zero carbon’ The Code is discussed later in more detail. Examples of other

policies, statutory obligations and incentives that have been enacted, and which affect the wider

construction industry as well as the housing development sector, are given below.

The European Commission’s (EC) Energy Performance of Buildings Directive (EPBD)

This Directive was introduced in 2003 and strengthened in 2010. One of its requirements is that
all EU countries apply minimum standards of energy performance for new and existing buildings
and ensure the certification of their energy performance. This Directive was the driver for the
certification of the energy performance of new and existing buildings in the UK (and indirectly
the Code for Sustainable Homes), a requirement that was transposed into legislation by the
Housing Act of 2004 and the Energy Performance of Buildings (Certificates and Inspections)
(England and Wales) Regulations 2007. Energy Performance Certificates (EPCs) are required for
buildings when they are constructed, sold or let. An EPC gives information on a building’s energy
use in operation, together with information on how performance could be enhanced and CO,
emissions reduced.

Planning Policy Statement 1: Planning and Climate Change (PPS1)

This was introduced in 2005 and relates to the delivery of sustainable development within

the planning system. PPS1 requires regional planning bodies and local planning authorities to
ensure that development plans contain policies that reduce energy use, reduce emissions and
promote the use of renewable energy. Such policies might relate to, for example, encouraging
developments that reduce the need for travel by car, or a requirement for the use of renewable
energy in new housing developments (usually by reference to the Code for Sustainable Homes —
see below).
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Building Regulations

The Building Regulations directly and significantly affect all new or substantially altered buildings.
They are seen as a key instrument for the delivery of zero-carbon homes by 2016. The intention
is to achieve this goal through progressively stringent ‘stepped-changes’ to, in particular, Part L of
the Regulations — Conservation of Fuel and Power.

Feed-in Tariff

The Feed-in Tariff (FIT) scheme was launched in April 2010 and was facilitated through the Energy
Act 2008. The aim of the scheme is to encourage the installation of small scale (less than 5SMW),
electricity generating renewable and low-carbon technology.

Site Waste Management Plans (SWMP)

The Site Waste Management Plans Regulations came into force in 2008. The aim of the
Regulations is to reduce construction waste by requiring a SWMP to be prepared and
implemented on those construction projects that have an estimated cost greater than £300,000
(excluding VAT). Failure to produce or implement a plan is an offence for which there are
relatively substantial fines. An SWMP is a requirement of the Code for Sustainable Homes.

Landfill tax
This was introduced in 1996 and is intended to encourage a reduction in the waste generated
through construction (and other activities) by charging developers for the disposal of waste.

Aggregates levy

This was introduced in 2002 with the aim of reducing the demand for primary or ‘virgin'
aggregates by increasing their cost to a level which better reflects their true environmental cost
(in terms of noise, dust, vibration, visual intrusion, loss of biodiversity and amenity, etc.). The
intention is to encourage the use of less expensive recycled and secondary materials.

Land Remediation Tax Relief (LRTR)

This was introduced through the Financial Act 2001. It is a tax credit for the costs incurred in
‘cleaning’ contaminated sites and is intended to provide an incentive for the development of
previously used land (brownfield) in preference to greenfield sites.

The Code for Sustainable Homes

The Code for Sustainable Homes was introduced in 2007 and applies to England, Wales

and Northern Ireland. It superseded the Building Research Establishment’s (BRE) EcoHomes
assessment. The Code was a direct response to, amongst other drivers, the Stern Review and the
Government'’s consultation Building a Greener Future: Towards Zero Carbon Development (2006).

An overarching aim of the Code is to lead the way in delivering the Government’s target of all
new homes being zero-carbon rated by 2016 (although the Welsh Assembly have aspirations to
achieve this target earlier). The Code rates dwellings on a scale of one to six — referred to as levels
— where 1 would have a slightly better environmental performance than the Building Regulations
and 6 is considered to be zero carbon.

It should be noted that at the time of writing there is still some discussion about how exactly
the term 'zero carbon’ will be defined in practice (the 2010 edition of the Code states that the
definition will be defined in future by legislation).

Although the title might imply that the Code addresses all aspects of sustainability, the
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emphasis is in fact on environmental concerns and it is, in essence, an assessment method which
provides a framework for judging relative environmental performance of new dwellings. It does,
however, also consider such things as accessibility, adaptability, daylighting, etc. which could be
considered to be issues of social as well as environmental sustainability, as could, of course, be
the reduction in fuel poverty which would hopefully be a product of a sustainable house.

The Code is a voluntary national standard which is intended to provide a framework and
targets for the sustainable design and construction of new homes. As such, it has more stringent
requirements than the Building Regulations (which cover some of the same areas as the Code)
but which are enforceable statutory obligations. Although compliance with the Code is not a
statutory obligation there are instances where compliance will be necessary. For example, in
order to qualify for government funding, housing providers are required to meet specified Code
levels (social housing providers have been required to meet increasing levels of the Code since
April 2008). Additionally, local authorities can insist that new housing meets specific levels of the
Code as part of local planning requirements (see the reference to PPS1 above).

As we have noted, the Code is voluntary while the Building Regulations are a statutory
obligation. The Code, to some extent, is a device for signalling in advance obligatory step
changes which will, or are likely to, occur in the Building Regulations, in particular Part L:
Conservation of Fuel and Power (albeit that the Code has a wider reach regarding sustainability
than have the Building Regulations).

The Code is seen as a useful vehicle for providing information to homebuyers and tenants
about possible running costs of their home as well as its environmental impact. The Housing and
Regeneration Act 2008 requires all new housing to be rated under the Code (even if it is rated
as 0) and, as the Code already provides the certification and the information required by the EPC
regulations (see above), houses that have been assessed under the Code are not required to have
an additional EPC.

Measuring the Code level

In determining the performance of a house under the Code, reference is made, amongst other

things, to levels, categories, issues and performance criteria. It is inappropriate to examine all of

the steps necessary to determine a Code level in detail in this book and so only an overview is
provided.

Essentially, the Code is based on the measurement of the sustainability of a new home
against nine ‘categories’ of sustainable design which, when taken together, arrive at a rating
that is expressed as one of six Code levels (with level 6 being the highest). Each of the nine
categories is divided up into a number of ‘issues’ and for each ‘issue’ there is a performance
target. The achievement of these performance targets, taken together, will determine the Code
level that the dwelling has achieved. One of the intentions of the Code is to allow flexibility in
design and construction and, to this end, whilst there are mandatory performance requirements
for some of the issues in six of the nine categories, there is flexibility in the remainder. There is,
therefore, a mixture of mandatory and ‘tradeable’issues depending on the category and this
provides designers with a degree of flexibility in choosing an appropriate way of meeting the
requirements of the Code.

The Code categories and issues are detailed below.

1. Energy efficiency/carbon dioxide: This category covers energy efficiency and CO -reducing
measures. The category is broken down into the following issues: dwelling emission rate, fabric
energy efficiency, energy display devices, drying space, energy labelled white goods, external
lighting, low- and zero-carbon technologies, cycle storage and home office. The mandatory issues
in this category are Dwelling emission rate and Fabric energy efficiency.
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2. Water: The issues that this category is concerned with are water-saving measures, both internally
and externally. Of these two issues, it is indoor water use that is mandatory.

3. Materials: This category is concerned with the issues of environmental impact of materials
and whether they are sourced responsibly. The environmental impact issue is mandatory in this
category.

4. Surface water run-off: This category relates to two issues. First, the extent to which
measures are taken, and systems installed, to reduce the risk of flooding and, second, the
minimising of surface water run-off (which can add to the pollution of watercourses and rivers).
It is the latter issue, the management of surface water run-off from developments, that is
mandatory.

5. Waste: This category relates to two distinct issues: one is the provision of storage for non-
recyclable and recyclable waste and compost in the built property, and the other is the efforts
made to reduce, reuse and recycle materials during the construction stage. The mandatory issue
here is storage of waste (but not composting).

6. Pollution: The category title here may be slightly misleading as the emphasis is on the extent to
which the heating system and the insulation materials used might add to global warming. There
are no mandatory issues in this category.

7. Health and well being: The issues in this category are related to the provision of a good’
environment for the occupiers by considering the quality of daylight provision and sound
insulation measures, private space and the design criteria set out in the Lifetime Homes standards,
which focus on issues of adaptability and accessibility. Lifetime Homes is a mandatory issue in this
category (see www.lifetimehomes.org.uk/ for further information,).

8. Management: This category relates to the provision of a home user quide, the incorporation of
security issues in the design, participation of the developer in the Considerate Constructors Scheme
and the extent to which the impact of the construction site has been taken into account and
managed. There are no mandatory issues in this category.

9. Ecology: The issue in this category relates to the extent to which the ecology of the development
site and the surrounding area has been protected and enhanced during the construction and in
the long term. There are no mandatory issues in this category.

The actual code rating of level 0 to level 6 is arrived at by assessing the categories and issues

against performance criteria for which credits are awarded — which then, through a weighting

and point system, can be converted into a Code level. The performance criteria can be in the
form of improvements upon, or compliance with, specific cited standards. For example, with
category 1 (energy and carbon dioxide) the performance criterion is related to percentage
improvements on the requirements of the Building Regulations.

As stated above, this chapter provides only an overview of the Code, not only because
examining the detail of the Code is inappropriate in the context of the aims of this book, but
also because the Code is a document and a concept that is evolving and changing (particularly
in regard to performance criteria). For further information on the Code, and to keep up to date
with developments, reference should be made to information published by the Department of
Communities and Local Government and its Technical Guide to the Code.

Design and construction implications of the Code

The Code does not specify how a house is to be constructed and the possible solutions can
include both traditional methods (i.e. brick and block systems) and MMC. There are, however,
a number of characteristics of a new house built under the Code which are likely to be
commonplace, particularly given the mandatory issues in the document. Such characteristics
include:
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« high levels of thermal insulation

= emphasis on tight detailing (i.e. low levels of air permeability) in order to restrict the amount of
heat lost through poorly fitting elements; that is, ventilation, and therefore the air changes in the
house, should be planned and designed and not ‘accidental’

« low-energy lighting

e reduced water use through the incorporation of devices and fittings which reduce the amount of
water used by items such as showers and WCs (which use comparatively high levels of water), and
also the use of techniques for rainwater harvesting

»  the use of materials which have a comparatively reduced impact on the environment (e.g. their
production generates comparatively low levels of CO,).

The use of high levels of insulation and ensuring low air permeability is sometimes referred

to as incorporating ‘passive measures. This phrase is used in this context to indicate parts of

the thermal design which do not require an energy input in order to work. However, where

unintentional heat loss is countered by the application of airtight detailing, there will come a

point where it will be necessary to provide controlled ventilation through mechanical means

(by the use of mechanical ventilation heat-recovery systems, for example) in order to provide

sufficient air quality. This will provide more control over a property’s heat losses but will have to

operate correctly and be maintained. Such systems also require an energy input.

Note: Reference is now frequently made to a Passivhaus or the Passivhaus Standard. The
Passivhaus was developed in Germany in the early 1990s and its approach emphasises the need
for high levels of thermal insulation and airtightness, combined with whole-house mechanical
ventilation (see Chapter 20 for more information on mechanical ventilation).

The term ‘passive solar energy’is used for designs which try to maximise the heat energy of
the sun. They do so by orientating window openings towards the south. The intention is to make
use of the heat from the sun in order to supplement the heating system. Passive solar energy
can be particularly effective where the structure can absorb and store some of the heat, and
where energy-efficient windows, such as those discussed in Chapter 15, are used. The (southerly)
orientation of the house will also be important for ensuring the effectiveness of renewable
energy devices that utilise solar energy (such as photovoltaic cells and solar water-heating
systems — see Chapters 22 and 18).

Orientating houses to the south in order to utilise solar energy through the windows will
also tend to maximise daylighting, which in turn will also reduce the energy required for artificial
lighting. A possible downside to passive solar energy is that large windows may cause problems
with overheating through solar gain. This is an issue that is dealt with in the Building Regulations,
which require that a design is checked to ensure that the house will not suffer from excessive
solar heat gain during the summer months. Any such problems can be alleviated through the
use of shading devices and thermal mass.

The thoughtful orientation of the building can also allow for natural ventilation (i.e. through
opening windows and background vents) to occur more effectively.

Renewable energy

In 2008, the UK Government signed up to a European Union scheme whereby participating
countries would be set targets for renewable energy. The UK target was to be producing 15 per
cent of its energy needs through renewable sources by 2020.

In relation to new housing, the inherent logic and approach of the Code for Sustainable
Homes is that, in order to achieve the higher levels of the Code, a house will need to have
increasing proportions of its energy provided by renewable sources.



Chapter 2: Sustainability

21

Renewable energy is that which comes either from elemental sources that are readily
available, such as the sun, wind or water (and the ground), or from materials that can be
harvested and renewed. The latter category includes biomass (biofuels), such as plants and
timber. These natural sources are not only renewable but are also generally considered to be
‘carbon neutral, based on the assumption that either they produce no CO, emissions in use or,
if they do — as is the case with biomass fuels when they are burned - such emissions are taken
to be equal to or less than the amount of CO, the plant originally absorbed for food and growth.
Crops and timber which are burned to provide energy (as biomass) are renewable, but may not
be considered sustainable if they originate from sources that are not managed ecologically and/
or have to travel long distances to reach their point of use. Also, systems such as heat pumps
and solar thermal hot water systems cannot be considered to be 100 per cent renewable as
they require some electricity to drive a pump — although the electricity could be supplied by
renewable technology.

Non-renewable sources include energy derived from fossil fuels, such as coal, gas and ail.
Not only are these fossil fuels non-renewable, their extraction and use brings with it numerous
environmental problems, as noted earlier.

Nuclear power might, possibly, also be considered to be ‘environmentally friendly’ because
it could be seen as coming from a renewable source, and it does not produce CO,. However,
the use of nuclear energy remains a controversial topic, not least because of the potential
consequences of accidents and the issue of dealing with waste from nuclear reactors.

In reality, most energy sources give rise to concerns and debate — ranging from tidal power
and wind power in relation to their effects on wildlife and visual amenity to the energy costs and
pollution arising from the production and shipping of solar panels.

Passive solar energy is, as we have observed, a potential source of effective renewable energy
which can be utilised to supplement space-heating requirements. However, it will be mainly the
‘active’ renewable energy approaches which will be emphasised by the Code. Examples of active
renewable energy sources are given below, along with the chapters in which they are discussed
and explained in this book.

« Space heating: Air and ground sourced heat pumps (Chapter 19), biofuel boilers (Chapter 19)

« Hot water: Solar panels (Chapter 18)

«  Electricity: Photovoltaic cells (Chapter 22).

There are other sources of renewable energy that are not discussed in the book as they are
outside both its scope and its intent. These sources include wind power, because, although wind
turbines are available for use on individual houses, they are not particularly effective from either
the point of view of environmental benefits or cost effectiveness. Wind turbines which serve a
group of buildings or an area or estate are more likely to be effective but are not common at the
present time.



Foundations

Introduction

This chapter explains the principles and practice of domestic foundations. The chapter is divided
into two sections: Section One concentrates on the general factors which affect the choice of
foundation and Section Two considers appropriate solutions for specific ground conditions.

For most houses, the design and construction of foundations is a relatively straightforward
exercise. The simplest and most common form of foundation comprises a strip of concrete under
all of the loadbearing walls. The depth and width of the concrete strip is determined by the
nature of the ground and the load of the building. However, there are a number of situations
where strip foundations are not suitable. These situations (as explained in Section Two) usually
require more complex foundations which are often designed by structural engineers and
constructed by specialist contractors. The picture below shows strip foundation trenches ready
for concrete.

Terminology

This chapter is not intended as a technical manual and we have consciously tried to avoid
unnecessary emphasis on detail. However, there are some basic definitions that are commonly
misunderstood and misused and it is important that you spend a little time familiarising yourself
with these before continuing.

« Bearing capacity: The load which the sub-soil can carry.

» Bearing pressure: The pressure on the sub-soil caused by the building load.

23
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- Compaction: The act of increasing the density and strength of a material by the application of
impact forces, e.g. a heavy roller.

«  Consolidation: The act of increasing the density and strength of the sub-soil by the expulsion of
water and air under self-weight and constant external loading.

« Dead load: The load exerted on the sub-soil by the structure of a building plus its permanent
fixtures and fittings.

« Heave: Expansion of the soil due to climatic and other factors (e.g. frost or removal of trees).

« Imposed load: The load exerted on the sub-soil by the contents of a building (e.g. people and
furniture) and external loads (e.g. snow on a roof).

« Settlement: Downward movement of the ground, or any structure on it, due to soil consolidation
as a result of the load applied by the structure of the building.

« Soil creep: The slow movement of rock and soil down a slope under the influence of gravity, often
triggered by the presence of a high water content.

»  Subsidence: Downward movement of the ground, or any building on it, due to changes within
the sub-soil.

Shaft

0 _|=gs=

Compaction by roller
or vibrating plate.

The building slowly settles
as the ground consolidates
under load.

Subsidence caused by, for
example, old mining works.

Function

The foundations of houses must carry the dead loads of the walls, the roof and the floors, etc,
together with the imposed loads of occupants and furniture, as well as snow, and transmit them
safely into the ground. They must be designed so that settlement is sufficiently controlled to
keep any distortion (and possibly cracking) within acceptable limits.

Old foundations

Although the Public Health Act 1875 required concrete foundations for all new houses, it was
several years before this practice became widespread, particularly in the provinces. Prior to

this, there was a variety of foundation types, none of which would be acceptable today. Where
houses were built on firm, dry ground, failure or settlement were not inevitable and, where minor
movement occurred, the superstructure often accommodated it safely. This was because the
brickwork or stonework was laid in soft lime mortar rather than cement mortar. There are many
surviving properties with these types of foundation, five examples of which are shown below.
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Foundations for two- and three-storey housing Mid 19305
i

Nineteenth century 1890s to 1930s

Brickwork laid on level ground. Brickwork laid on concrete foundation.

Cavity brickwork laid on concrete
foundation. Width and depth
dictated by Model Bye-laws.

Section One: general factors which affect
the choice of foundation

Building load

For a typical modern three-bedroom detached house, the total of the dead and imposed loads is
about 120 tonnes and most types of ground can easily carry this load using simple foundations.
The exact dead and imposed loads can be calculated using simple tables produced by the British
Standards Institution.

Simplified diagram illustrating loading

Loads transferred downwards
from roof and floors into walls
and ultimately foundations.

Upper levels of sub-soil may
be affected by seasonal change.

Weaker sub-soils initially tend
to consolidate under the newly
applied loads of the building.

Ground floors can bear directly on
the ground or be carried by walls.

When designing buildings, engineers are primarily concerned with forces rather than weights
and the unit of force most commonly used is the kilonewton (kN); 1 tonne is roughly equal to
10kN. Therefore, a building load of 120 tonnes exerts a force on the sub-soil of 1,200kN. If the
load of a building is carried by the external walls and the perimeter of the building is 30m,
simple calculation shows that each metre in length (i.e. metre run) of foundation is carrying
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about 4 tonnes or 40kN. In practice, allowance must be made for the nature of the loading,
which varies according to the direction of roof and floor spans. Furthermore, uneven loading can
be caused by large openings, such as patio doors. Once the average loading per metre run of the
building is established it must then be related to the safe bearing capacity of the ground in order
to enable the design of an appropriate foundation.

Large openings such as patio doors
Total load = 1200kN E E can concentrate loads from walls onto
the piers of brickwork either side. This must

E be taken into account at the design stage

Perimeter = 30 metres
or when planning potential alterations.

I -
[ —1
& & In practice, internal walls may also carry
loads from roofs and floors.

Average load per metre run of wall = 40kN.

Soils

Most soils consist of a mixture of solid particles, water and air. In addition, the soil near the
surface of the ground will also contain organic material and this top soil must never be used as
a base for a foundation. It varies greatly in volume due to changes in water content and is very
unstable due to the amount of organic material it contains.

Before construction commences the top soil (about 150-300mm thick) should be removed
from the site or stockpiled for future landscaping or off-site disposal.

Below the top soail lies the sub-soil (often just referred to as soil) and it is this which actually
supports the building. Apart from organic soils and rock, there are two broad categories of
soil type: cohesive and non-cohesive. Cohesive soils are those, such as clay and silt, with
microscopic particle size and which can contain very high levels of water. The shape of the tiny
particles makes them cling together, trapping water in between and it is this which gives clays
their characteristic smooth, sticky feel. Non-cohesive soils, such as sands and gravels, contain
negligible amounts of water and have large particle sizes which are held together mainly by their
weight. Unlike clays, they do not stick together and the soils can be very loose in structure.

Clay subsoil.
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One point to note is that there can be differences in sub-soil conditions across a building site
and these can result in different foundation solutions for adjoining buildings, e.g. traditional strip
foundations next to piled foundations. Both types of foundation are detailed below.

Soils under load

Increasing the pressure on a sub-soil by applying the load of a building squeezes some of the
water out of the sub-soil, causing it to consolidate and allowing slight settlement of the structure
above. In non-cohesive sub-soils such as sands, water movements are rapid and a building will
normally complete its settlement during its construction. In addition, because sands only contain
a very small amount of water, any settlement will be minimal. Cohesive sub-soils, such as clay,
lose their water much more gradually and buildings may slowly settle for many years before
equilibrium is reached. The softer clays contain large amounts of water and thus permit extensive
settlement.

Sub-soil types

There is a wide range of sub-soil types in the UK, ranging from rocks, such as granite, limestone
and sandstone, which can support very high loads, down to soft clay and silt, which often require
specialist foundation techniques due to their low bearing capacity.

The table below summarises some of the common sub-soils and their suitability for house
foundations.

GROUND COMMENTS

Granite Require pneumatic or hydraulic tools for excavation. Generally provide good support
Limestone to foundations.

Sandstone

Slate

Hard chalk

Compact sands Can be excavated by machine without special tools. Provide good support to buildings.
Gravels

Firm and stiff clays Can be excavated by hand or machine.

Sandy clays May require wider foundations than sands and gravels.

Loose sand Easy to excavate, but normally need specially designed foundations.

Soft silt

Soft clay

Note: Peat is unsuitable for supporting foundations.

Site investigation

Before foundation design can begin, there are a number of preliminary stages. These separate

stages are grouped under the general heading of site investigation.
Site investigation normally involves three basic stages:

« Desk study: Takes into account existing information about the site. This information will
come from a variety of sources and will include such diverse matters as the history of the site, its
topography, geology, vegetation, etc.
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«  Walk-over survey: A direct inspection of the site giving the engineer/designer the opportunity to
identify the nature of the ground and the nature of any hazardous features.

- Ground investigation: A physical exploration and inspection of the ground by means of
boreholes or trial pits.

Desk study

The desk study is the first stage in the site investigation. Essentially, it comprises the collection
and analysis of existing information about the site. The information will come from a variety of
sources and, once analysed, will form the basis for the second stage, the walk-over survey. The
desk study has two main objectives:
e to determine the nature, past use and condition of the site
e todetermine whether this has any implications for the proposed building and its foundations.
A sensible starting point is to consult large-scale maps of the proposed site and check the site
boundaries, building lines, existing buildings and other man-made or natural features which will
affect the future buildings. A comparison with older maps may give some clues to determine
former use and, therefore, potential hazards. Geological maps, other written records and local
knowledge will help to identify the likely nature of the sub-soil and determine the extent of
difficult ground conditions. While most sub-soils, including firm and stiff clays, compact sands,
gravels and rocks, will easily support the relatively low loads of two- and three-storey housing
by using simple strip foundations, soft cohesive sub-soils, peaty sub-soils and filled ground
pose problems. A site that has been mined also needs to be treated with caution as foundation
solutions can be costly. Large-scale historical maps, often held at city and county libraries, may
show the extent of former mining and the Coal Authority offers various information search
systems. Searching these sources is very important as thousands of old shafts and tunnels still
exist; unfortunately, many are not properly recorded.

Other items which might come to light during the desk study include the likelihood of:
e filled or contaminated ground
e quarrying or mining
e rights of way
= ponds, watercourses, groundwater levels and the risk of flooding
- utility services (drains, electricity, gas, telephone, optical cables, etc.)
«  previous vegetation (e.g. large felled trees)
e landslip
« naturally occurring aggressive chemicals (e.g. sulfates), harmful gases (e.g. radon) and landfill gases

(e.g. methane and carbon dioxide).

Walk-over survey

A walk-over survey is the second stage in the site investigation. It is a detailed site inspection

which:

= enables much of the material discovered in the desk study to be confirmed or highlights the need
for further investigation

e identifies other potential hazards

« enables the surveyor to make photographic records

e gives the surveyor/engineer the opportunity to measure and make detailed drawings of all those
items (trees, existing buildings, watercourses, etc.) which will have implications for the building
design.
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Ground investigation

A direct ground investigation is the third stage in the site investigation. As far as low-rise housing
is concerned, its main objective is to determine whether strip foundations will be suitable and,
assuming they are, whether they can be designed in accordance with the simple 'rule of thumb’
approach contained in the Building Regulations. The ground investigation will provide detailed
information on:

e the nature and thickness of made-up ground/top soil above the sub-soil

 the nature, thickness and stratum depth of sub-soil

« anassessment of allowable bearing pressure

« groundwater levels, chemicals in the ground, etc.

e existing structures or hazards in the ground.

For low-rise housing on greenfield sites, machine-dug trial pits are probably the most common
method of ground investigation. The pits do not normally need to be deeper than 4-5m

unless specific problems are encountered. Trial pits should be excavated close to the proposed
foundation, but not so close as to affect its actual construction. The number of pits is usually a
matter for judgement and will depend on the size of the proposed development, the nature of
the site and the consistency of the sub-soil across the site.

Trial pit
1 op soi
300 Soft clay
—t— 900
Proposed Firm sandy clay
building —— 1900
Stiff sandy clay
B &2 1
Trial pit 2600
. “ 1 3000 Compact sand
I:I M= Base of pit
The depth of trial pits depends on the
nature of the ground. They will usually
be at least 3 metres deep.
TYPICAL HAZARDS TO BE INVESTIGATED
B H
= = A%W

In clay soils, on sloping ground,
the risk of soil creep should be

Movement of the ground Building near escarpments, cliffs, : : <P 1 be
caused by earth trgmors is rare or on the edges of rock formations 'de”t'ﬁlidft the 5|t§ investigation
in the UK, but not unknown. may lead to problems in the future. stage. If the ground appears

terraced, special foundations

L lipi .
and slip is not uncommon will be required.

QUARRY LANE
CLAY BOTTOM TS

At the site investigation stage,
careful note should be made of
local knowledge and other clues

expensive foundation solutions.
In addition, wet ground may

> exacerbate chemical attack
from sulfates.

H =] High water tables may require
HHE

‘Soft spots’, outcrops of rock,
or sudden geological variations

which may suggest previous in the sub-soil will prevent even Natural gases such as methane

use of the site. Ponds, water courses settlement of the new building andradonshouldalsobe

ditches etc. can be as hazardous as resulting in differential movement  identified at the site investigation
. and cracking. stage.

previous industrial use.
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b

Filled ground rarely provides a good

If old foundations, basements, foundation. Settlement is likely to

In mining areas the collapse tanks or other remnants of be uneven and cracking may occur.

of tunnels can cause subsidence. our industrial past are below In addition, the filled ground may

This, almost inevitably, affects the house, settlement will contain toxic waste. Some soils, such

buildings above. not be even and cracking may as peat and silt should also be avoided,
occur.

or possibly removed.

investigation is required. Large trees Removing large trees can cause the
will extract considerable amounts of reverse problem. Clay soils will slowly
moisture from the ground. In long, hot take up moisture formerly used by
summers this may reduce the moisture

g § the tree. Ground heave can force
content of clay soils. Shrinkage can lead part, or all, of the house upwards.
to foundation settlement.

When building near trees, careful site »

Foundation types

There are three basic types of foundation used in low-rise housing and these are shown in the
diagram below. Of the three, the strip foundation is by far the most common.

Strip foundation Pile foundation Raft foundation
Strip of concrete under all Long, slender concrete members Concrete raft which spreads
loadbearing walls. The strip used to transfer loads through loads over whole ground floor
width and depth depends on weak or unstable soil to ground area.
building load and nature of of higher loadbearing capacity.
ground.

Concrete

Concrete, as we know it today, is a relatively recent material and has only been commonly used
in foundations for just over 100 years. In its simplest form, it is a mixture of Ordinary Portland
Cement (so called because its original makers claimed it resembled Portland stone), stone and

water, mixed together in varying proportions. By increasing the proportion of cement, concretes
of increased strength can be formed.
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The stone which forms the bulk of the mixture (often referred to as the aggregate) should
be graded to ensure a reasonable balance of small and large particle sizes. This helps to ensure
that the concrete is free from voids, as the smaller grains fill the spaces between the larger
grains and, in addition, provide a strong workable mix with the minimum of cement. To ensure
that the proportions and grading of the aggregate are correct, it is delivered separately to the
site or concrete plant as fine aggregate (sand) and coarse aggregate (stone or chippings). It
can then be mixed as required. Fine aggregate has particles which run through a 5mm sieve.
Coarse aggregate has particles ranging from 5mm to 40mm depending on the purpose of the
concrete.

Water is added to the mix to enable the chemical reaction to occur which binds the cement
and aggregate together (this process is called hydration). The correct amount of water is the
minimum to ensure completion of the chemical reaction and, in addition, adequate plasticity of
the mix for placing and compacting, i.e. it should not be so wet that it flows around the trenches
unaided. If too much water is added, the excess (not required for hydration) will evaporate
leaving tiny voids in the concrete which seriously reduce its strength, i.e. it will not achieve
its required design strength. If insufficient water is added, complete hydration will not take
place and the concrete will be very difficult to place and compact. In good conditions, a well-
proportioned concrete will set within a few hours and will reach full strength after several weeks.
Because concrete reaches a relatively high strength quickly, bricklayers can usually start building
on the foundations a few days after it has been poured.

There are various ways of specifying concrete. The Building Regulations require a minimum
mix ratio of 50kg of cement to 200kg (0.1m?3) sand and 400kg (0.2m?3) stone for simple strip
foundations. This, traditionally, was often known as a 1:3:6 mix. Stronger mixes were often referred
to as 1:2:4 or 1:1%2:3. Nowadays concrete is normally specified in accordance with BS 8500 (this is
the UK complementary standard to the European Standard BS EN 206-1).

On most building sites, concrete is delivered ready for use, i.e. ready mixed'to the required
specification. The strength and nature of the concrete mix for foundations will take into account
a variety of factors including:
= jts purpose (i.e. the type of foundation)

« jts durability (i.e. the intended working life)

»  whether the concrete will be reinforced

»  therisk of chemical attack

» the method of pouring (e.g. whether it will be pumped).

Other considerations

After determining the building load and the nature of the ground there are some other
important considerations which may affect the foundation design.

The water table

The level of water in the ground is often referred to as the water table and this tends to follow, in
a gentler manner, the topographical features of the surface above. It is not constant but rises and
falls with variations of rainfall, atmospheric pressure and temperature, and in coastal regions can
be affected by tides. When the water table reaches the surface, springs, lakes, swamps and similar
features can be formed.

In most cases, the water table will be below the depth required by traditional strip
foundations and it will have little effect on their construction. However, occasionally a high water
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table will be found and this can lead to extra expense in pumping out the trenches while the
concrete is being poured.

Sulfate attack

In some sub-soils, there can be a problem with sulfate attack. Calcium, magnesium and sodium
sulfates occur naturally in some clays and other sub-soils. They can, in wet conditions, attack the
concrete (as well as below-ground cement mortars and some types of bricks) and cause severe
deterioration of the foundation. A high water table will exacerbate this problem. The sulfates
dissolve in the groundwater and permeate the concrete. This leads to an aggressive chemical
reaction between the sulfates in solution and one of the chemicals in the cement. The resulting
compound expands rapidly as it forms and this can crack the foundation concrete. If sulfate
attack is a possibility, it is wise to use sulfate-resisting cement.

Special problems of clay soils

The majority of clay sub-soils can cause foundation problems as they slowly change in volume
due to increases or decreases in water content. This change is related to the seasons, with the
ground expanding in the winter and contracting in the summer because of the difference in
rainfall and moisture content. This seasonal change, which may normally be in the order of +/-
30mm at ground level, can affect the clay to a depth of about a metre (with the ground below
this level having a fairly stable moisture content).

Where clay sub-soils contain trees, the problem is more severe. Trees and large shrubs draw
a considerable amount of water from the ground during the growing season. For example, a
mature poplar takes up as much as 1,000 litres of water per week. In long, hot summers with little
or no rainfall, the tree will continue to draw moisture out of the ground and the clay will shrink.
This is in addition to the seasonal drying mentioned above. When a building is sited near trees
(in particular, groups of trees, where the effects may be more severe), serious cracking in the
walls can occur as a result of this ground movement. To prevent this movement from affecting
foundations, they must be deeper than the tree roots. An alternative is to site the building well
clear of the trees.

Ground level above root
zone may fall by as much as
75mm in a long dry summer.

Keep buildings well
clear of growing trees
if foundations are
concrete strip.

For poplars, elms and willows:

if'D’="H’foundation should be 1.5 metres deep.

if'D'=0.5'H’ depth should be 2.3 metres. At depths below 1.5 metres, it may
» be more economic to consider

For other trees: piled foundations.

if'D’="H’foundation should be 1.0 metres deep.

if'D'=0.5'H’ depth should be 1.5 metres.
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Where trees have been removed from clay sub-soils, the opposite problem occurs. As the
ground slowly regains moisture, it will expand and this can continue for a period of up to 10
years. The pressure that dry clay develops when reabsorbing moisture is likely to be greater
than that imposed by the building load and upward movement of the structure can occur. If
houses are built on the site before this ground expansion is complete, cracking will occur in the
walls and foundations; the swelling will be uneven because it will be concentrated around the
removed tree(s).

Groundwater and frost heave

Water can move very easily through fine-grained sandy sub-soils and silts and this can give rise
to two common problems. First, loss of ground can occur if underground springs or watercourses
are allowed to run across a site. The flowing water can wash out the finer particles of soil,
reducing its bearing capacity and stability. In this situation, the site must be avoided or stabilised
with land drains before building commences. Second, if the water table is close to the ground
surface, there is a danger of frost heave. This can affect some fine sandy sub-sails, silts and chalk.
Water fills the voids between the particles and, in freezing weather, forms thin layers of ice. As the
ice forms, it expands causing the ground above to heave. In the UK, the ground is rarely frozen at
depths of more than 600-700mm and this should be sufficiently deep for most strip foundations
in these types of sail.

Section Two: foundation solutions for specific
ground conditions

Compact sands and gravels

These sub-soils can easily carry the weight of two- and three-storey houses using simple strip
foundations. A table in the Building Regulations indicates acceptable minimum widths of the
concrete strip depending on the load and the type of ground. For sands and gravels, two-storey
houses normally require a concrete strip 400-500mm wide. However, in practice the width of
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the trench is dictated by the minimum space in which a bricklayer can work and this will usually
require at least 600mm. A trench depth of 450mm (the minimum permitted under the Building
Regulations) is usually adequate, although this has to be increased to about 700mm if there is

a danger of frost heave. The trenches are usually excavated by machine using a bucket of the
required foundation width.

Nowadays, foundations are invariably dug by machine. Buckets are available in various sizes
to suit required trench widths. When the trench has been excavated, it should be ‘bottomed out’
(i.e. loose material should be removed and the bottom of the trench levelled out). Deep trenches
will require support to prevent potential collapse and injury to operatives.

When the foundations have been excavated and the trenches approved by a relevant
authority, the concrete can be poured. Concrete can be batched (i.e. mixed) on site, although it is
more common to use ready-mixed concrete which will be brought onto the site when required.
For chemically non-aggressive sub-soils, the Building Regulations set out specific alternative
concrete mixes. Special design measures are needed where the sub-soil contains aggressive
chemicals, such as may occur in the redevelopment of former industrial sites.

A traditional strip foundation is shown below.

After a few days, the substructure construction can commence. The substructure walls can
be formed in cavity blockwork or in solid blockwork. In modern construction, brickwork walls are
rare because of their higher cost.
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An alternative solution is to use trench fill and this method is often preferred by builders.
It avoids the need for working space and trench support and offers savings in the costs of
excavation and soil disposal. As mentioned previously, most sands and gravels can safely support
low-rise housing with a concrete strip only 400-500mm wide and such sub-soils are therefore
ideal for this form of construction. There are two potential problems: if the trench is not cut dead
straight and in exactly the right position, the bricklayers will have difficulty in setting out the
walls; it is also important to leave ducting through the concrete for service connections that are

required below the finished concrete level.

Cross-section through strip
foundation in compact sand
or gravel.

Frost heave may occur Trench
to a depth of about blocks
700mm or so.

400-600mm wide

Trench fill
foundation Water main inserted
through duct.
1 WL\

Temporary cap

Concrete thickness ‘T’ at least 150mm,
and not less than projection ‘P’.

W/ R
Cavity
work
r_ IP’
1 lT’

In deep foundations, trenches may have
to be wider to allow for working space.

Duct for water main positioned
across trench before concrete is poured.
Water main should be at least 750mm deep.

Trench fill is a very effective means of providing a good
foundation. Construction is quick and working space for
bricklaying is not required. If ducting is not placed in the correct
positions, remedial action can be expensive. Foundations
(traditional strip or trench fill) can both be stepped in sloping
ground (right).
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Foundations obviously have to be laid level and this can be expensive in sloping ground.
In order to reduce the cost, it is possible to ‘step’ the foundation to keep the excavation to a
minimum. The Building Regulations contain simple rules for stepped foundations to ensure that
the load is evenly distributed over the ground and to prevent cracking at the step itself. These are
shown in the diagram below.

Stepping the foundation
saves excavation and sub-soil
removal costs.

Excavation is deep - this has
cost and safety implications.
The overlap ‘L’ must be a minimum
of twice the step, or the thickness ‘T,
Traditional strip foundation or 300mm, whichever is the greater.

with steps. Step ‘S’ no greater than thickness ‘T".
S
T >
L
In a trench fill foundation, the overlap should not be less than

twice the step, or 1 metre, whichever is the larger.

Firm and stiff clay soils

It was mentioned earlier in the chapter that most clays are affected by seasonal change and

this can lead to expansion or contraction of the sub-soil. This change in volume will occur to

a depth of about a metre. To prevent excessive movement of a building, it is important that

the foundations are at least this depth. Some clays have a lower bearing capacity than sands

or gravels and these may require slightly wider foundations in order to spread the load over a
sufficiently large area of ground. A depth of 600mm is usually sufficient for normal two-storey
buildings. If trees are growing on the site in close proximity to the building (or have recently
been felled), this form of construction is generally not suitable. Appropriate solutions are
described in the later section on piled foundations. As in the previous example, trench fill can be
used to avoid the need for working space and to keep the trench width to a minimum.

This trench in a shrinkable clay sub-soil
has been excavated to a depth of at
least 1,200mm to avoid the effects of
seasonal change.
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The Building Regulations require a minimum depth of 750mm for strip foundations in clay
sub-soils. In practice, most foundations in clay will be deeper than this to avoid the effects of
seasonal change. However, both traditional strip and trench fill foundations become uneconomic
if the required depth is more than 1,000mm. With any trench, there is a large volume of
excavated material to dispose of, in wet weather the open trenches may need pumping out
and trenches in soft sub-soils require temporary support to prevent the sides collapsing.

These problems are increased with deeper trenches and a sensible alternative is to use piled
foundations (these are discussed in a later section).

Traditional strip Trench
foundation fill
74 RS TR
R\
Trench width may have to be
increased to provide working Where loading or ground
space for bricklayers. conditions permit narrow
trenches, trench fill is cost
effective.
é An alternative solution é
______ is to fill the trench with
concrete.

<>

D S
600omm wide

600omm wide

Besides the disadvantages already mentioned, there is the additional problem of swelling
ground, caused by seasonal change or by the removal of trees, acting laterally against the
foundation. To prevent this from damaging the building structure, it is necessary to use some
form of low-density material on the side where the swelling is likely to occur.

Felled tree
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Compressible boards absorb o
expansion caused by heaving I
< ground. +

Deep trench fill transfers
loads to stable ground
below zone of
expansion.

Soft clays and silts

The loadbearing capacity of soft clay and silt is quite low and strip foundations will have to be
fairly wide if they are to safely support a building. The table in the Building Regulations referred
to earlier only gives dimensions for soft clays and silts that are for very light loads, such as might
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The load is spread
through the concrete

[
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— e at an angle of about

45°.
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Wide, thin foundations can crack @ @ @
in the manner shown. This is
known as shear failure.

b & J

A more economic solution
is to reinforce the foundation
with steel bars.

If T equals ‘P’, the load is safely
spread across the ground.

be imposed by a bungalow or garage. This means that the exact width of the foundation will
need to be calculated by an architect, engineer or surveyor to ensure that the soft ground, which
can vary considerably in loadbearing capacity, is capable of supporting the building load. These
foundations are expensive to construct due to the wide trenches that have to be excavated
and the large volumes of excavated material which have to be removed from the site. There
is also an additional problem that is caused by the structural properties of concrete. A wide,
thin foundation will crack as the load is applied, but this can be resolved by either increasing
the thickness of the concrete or providing steel reinforcement. However, if the foundation is
reinforced, a stronger concrete mix is necessary to prevent the reinforcement from rusting.

In many cases, it is probably more economic to use raft foundations or, if a firmer stratum
exists at a lower depth, piled foundations.

Strip foundation summary

The drawing below is a simplified version of a table in the Building Regulations. It shows how
building load and ground type affect foundation size. Note that where the load is high, or where
the ground is weak, these ‘deemed to satisfy’ provisions no longer apply and the foundation will
need to be designed to reflect its specific circumstances.

Minimum width of strip foundations

Adapted from Table 10, Approved Document ‘A’.
Building Regulations 2004. E E E E E E E E E

IJ:[ 'fffffffffff]:ll S SOSTORSSOORR [ SRRSO
Total load of loadbearing
walling no more than (kN/m)... 20kN/m 40kN/m 60kN/m
Type of ground Field test k‘
Gravel or sand Requires pick axe for
(medium dense) excavation. Wooden

peg 5o0mm square hard
to drive beyond 150mm.

Min. 250mm Min. 400mm Min. 600omm
Firm clay, firm Thumb makes
sandy clay impression easily.

Min. 300mm Min. 450mm Min. 750mm
Loose clay or sand Can be excavated

Foundation will need to be designed

with a spade. Wooden pe
P peg to suit specific loads and conditions.

50mm square easily driven.

Min. 400mm
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Piled foundations

There are a number of situations in which a strip or trench fill foundation would be unsuitable
and where it would be appropriate to make use of a piled foundation. They include situations
where existing or new trees are close to proposed houses, where trees have been felled to clear
a site and where the uppermost sub-soil is too soft to build on. In these circumstances, it may
be possible to form deep strip foundations that reach below the affected area, but this is a slow,
expensive and dangerous process, especially as depths over 3m may be necessary.

It is far better (and cheaper) to use piled foundations, which are installed by a specialist
subcontractor. Piled foundations are a means of transferring the load of a structure to a sub-soil at
a depth below the ground surface that can support the load properly. Piling can also take place
in freezing or wet weather, which often stops traditional foundation methods. In addition, there
is less excavated material to dispose of, which helps keep the site and the surrounding roads
clean. However, builders are often reluctant to use piling, partly because they do not wish to be
dependent on specialist subcontractors and partly because it is seen as an expensive process.

There are two main types of piling system suitable for domestic construction — replacement
piles and displacement piles.

Replacement piles

These are often used for low-rise housing, especially where there are trees in close proximity. The
process involves a bored pile that extracts the soil by boring or auguring and replaces it with
reinforced concrete. Such piles can be used in non-cohesive and water-bearing sub-soils, but are
also ideal for deep cohesive soils such as clays which may, on occasion, be unsuitable for strip
foundations, for example if tree roots are present. The load is transmitted into the soil partly by
the end bearing of the pile, but mainly through the friction between the pile sides and the soil.
These piles also offer the benefit of being effectively vibration-free, but do produce arisings (i.e.
excavated soil) that has to be removed.

One system of replacement piling is the continuous flight augur pile (CFA pile) and this is
shown below.

At an appropriate depth,
the auger is slowly
removed while, at the
same time, concrete

is injected down the

Areinforcement cage is
hollow stem

lowered into the wet
concrete. Spacers fixed

to the cage ensure it
is placed centrally.
/ 7/ ’ S . ’ K . /7
. K / o /
g y 4 4 : 4 4 y 7|4p| - 7 7 P S Fa
/ / / / / / s ./ |49b 7 7 FAR % A
4 / . f ¢ 4t / 7/ Y 7 S/ 7 4 A
/| Crane-mounted auger drills VAT | ; Va /,/ W
4 into ground at regular intervals | ./ S8y A vy
/7 /| underline of wall. Typical auger VA 1 G L e
7 4 diameter is 300mm. 7 | $B| 4 / i / ;
/ / . § 7 7 P / / / Vi Y y
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The process of piling using an auger drill followed by the insertion of the reinforced metal cage can
be clearly seen in the photographs overleaf. Photographs courtesy of Roger Bullivant Limited.
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When the piles are in position and the tops have been cut down to the correct length, a
reinforced concrete beam is cast over them forming the base for the walls. The beam is designed
to span from pile to pile. The ground beneath it only provides temporary support until the
concrete has achieved its full strength. Should growing trees reduce the moisture content of the
clay and should shrinkage occur, it will not affect the building.

The piles are cut down
to the correct size, then
a shallow trench is dug
and blinded with a thin
layer of concrete to form
a working base. Steel
reinforcement cages
span from pile to pile.
The thick plastic acts

as formwork to prevent
concrete contamination
and wastage.

Plan showing pile layout and ground beam.

@) @) O O O

O ©) O

@) @) ©) @) @)

Typical pile centres are 2.4 to 3.0 metres. External and internal loadbearing walls
require piles.

Ground beams are normally formed in in-situ concrete. If the ground is very poor, casting in-situ
beams is not feasible and a sensible alternative is to use pre-cast beams. The photographs show
a pre-cast beam system which will carry the floor structure and the house walls.
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If trees have been felled, then the opposite problem is likely to occur. The ground slowly
absorbs the excess moisture and steadily increases in volume. This is known as soil heave. It is
important, therefore, that, when building on sites from which trees have been removed, the
foundation design resists, or is not affected by, these upward forces. The piling system already
described can be used in this situation, but the piles will need to be increased in length. A longer
pile that is driven further into firmer, deeper sub-soil offers sufficient frictional resistance to resist
the upward force of the swelling clay. In addition, extra steel reinforcement is required to prevent
the pile from cracking as a result of the increased tensile stresses. An alternative approach is to
use a piling system which incorporates a sleeve at the top of the pile to reduce friction between
the clay and the concrete pile.

Piles in swelling ground

AU\ %

Swelling soil may be 1
3-4 metres deep

Longer pile with
additional steel
reinforcement

Firm, stable ground

to prevgnt uplift Another option is to sleeve
or cra'cklng'by the top of the pile with bitumen
swelling soil. or polythene to reduce friction

between swelling soil and pile.

The force from the swelling may be much higher than that caused by the building load and,
to prevent the swelling ground from cracking the reinforced beam, it is good practice to provide
some form of collapsible layer underneath the beam. Low-density polystyrene insulation boards
are an ideal material and suitable construction is shown in the diagram below.

Section Elevation

=
E’WN
g Reinforcement cage

Reinforced concrete Steel reinforcement in beam
ground beam tied to reinforcement in piles

S
__/\,__

Depth to suit
local conditions

If the clay swells it will compress the collapsible layer, but will not damage
the building. The collapsible layer can also be fixed at the sides of the beam
if there is a danger of lateral expansion (see right-hand picture).
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Displacement piles

In granular soils, such as compact sands and gravels, displacement piles, which are also known
as end-bearing piles, can be used. Their use in housing is very rare, as these soils are generally
ideal for strip foundations. However, for blocks of flats they may sometimes offer cost savings
over strip foundations. They produce little or no arisings (i.e. excavated material), but do have
the disadvantages of producing noise and vibration as they are driven. They can be formed in a
number of ways and two of the most common are driven pre-formed (pre-cast) piles and driven
cast in-situ piles.

Driven piles

Pre-cast concrete piles can often
be extended (i.e. in length) on
site as required. They are

usually driven to a ‘SET’.

<

On this site (next to a former dock), driven piles were specified.
The piles were pre-cast concrete and about 10m long. The piles
could be joined together to extend them if necessary (see inset
box). Where piles hit unforeseen obstructions and, as a result, are
cracked, stronger steel piles can be driven alongside.

Another type of displacement pile is the continuous helical displacement pile (CHD pile)
in which a special type of hollow-stemmed augur is screwed into the ground until it reaches
a suitable bearing stratum. The soil penetrated is compacted as the drilling proceeds so there
are no arisings. The hollow stem is filled with concrete and the auger is then unscrewed and
withdrawn to leave the pile in place. The photographs opposite (top) give an idea of the process.
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Photographs courtesy of Roger Bullivant.

Pier foundations

Pier foundations are sometimes used as an alternative to piling. If the site contains old basements
or other obstructions, or if the ground is too steep for piling rigs, pier foundations are sometimes
specified. They usually comprise a series of thick concrete piers that are formed in situ and
support a reinforced concrete ground beam. Large concrete rings, of the type usually used for
drainage inspection chambers, can provide a permanent formwork for the wet concrete. A typical
house might be supported by six or eight piers. When constructing pier foundations, it is usually
necessary to excavate the whole area below the building to the required depth of the piers.
Once the piers have been poured, the ground is replaced.

Original ground level

Reinforced ground beam

| 2=

=

N R Pre-cast drainage rings provide

V S i permanent formwork for in-situ

v piles. Steel reinforcement in top

v Ground excavated to construct of the pier forms connection with
‘ in-situ piers reinforced concrete beam.

Filled ground

Scarcity of good building land will often necessitate building on areas of filled ground. A variety
of materials can be found in filled sites, ranging from quarry and mining waste to household
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and industrial refuse. Sites filled with refuse can give rise to problems of internal combustion,
methane gas and other toxic chemicals; therefore, building on these should be avoided
whenever possible.

Filled quarry or gravel pit Railway cutting Levelled mining spoil

If the fill is fairly shallow, then the most sensible option is to use piled foundations. The
augured pile system described above is often not suitable in fill as large stones and rubble are
likely to be encountered. An alternative method is to use a driven pile, as shown in an earlier
diagram. A further option is to use a driven pile made up of individual hollow pre-cast concrete
sections, typically 300-400mm in diameter. Using a special crane, the pile is driven into the
ground, adding extra sections as necessary. It has reached its correct depth when repeated
hammer blows only produce minimal downward movement of the pile; this is known as a ‘set’
and is specified by an engineer.

As the fill naturally consolidates over the years, there may be a downward force on the piles
due to the friction of the ground against the pile sides. This ‘down-drag’is rarely even and the
resulting differential movement can cause cracking of the building. In a previous section, we
discussed how soil heave could be overcome by sleeving the top of the pile and, in this instance,
a similar technique can be adopted. However, in practice it is difficult to sleeve the whole length
of a pile and several manufacturers prefer to coat the pile sections with a bituminous compound
during manufacture. The bituminous compound acts as a viscous fluid and reduces the effect of
the down-drag (or up-lift) on the pile.

Deeper fill is best dealt with by the use of rafts. The raft spreads the load from the walls
over the whole ground floor area. However, with raft construction some movement over time
is to be expected and it is, therefore, essential to make sure that the services which enter
or leave the property have flexible connectors immediately adjacent to the external wall.

Rafts, when designed for poor-quality ground, or ground where subsidence is expected, can
be very expensive and must be designed by structural engineers. However, they are a fast
form of construction with minimal excavation and are, sometimes, also used on soft clays as
an alternative to the reinforced wide-strip foundation. The diagrams below show a simple
raft foundation formed from 150mm reinforced concrete slab and a more complicated raft
foundation with down-stand or perimeter beams.

Mesh or bar reinforcement

l I “ 150mm thick reinforced slab

----------------------------------------------------------- | N2\

Toe to hide
edges of raft
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Vibratory ground improvement techniques

It is sometimes possible to undertake some form of ground treatment of filled ground and also of
naturally weak soft or unstable sub-soils such as gravels, sand and silt. Once the ground has been
treated, the new buildings are constructed with either reinforced concrete strip or raft foundations.
On very large housing sites, this technique can be cheaper than the use of piling. There are a
variety of methods which attempt to increase the stability and bearing capacity of the ground.

« Vibro-compaction: This method involves the use of a crane-mounted poker which is driven
into the ground. A spinning eccentric weight inside the poker causes it to vibrate and this helps to
compact the surrounding ground. The poker is then slowly extracted from the ground at the same
time as sand is pumped through the poker to fill the void. The operation is then repeated at 2 or 3m
intervals to form a regular grid across the site.

«  Vibro-replacement: This form of ground treatment can be used to treat granular soils or cohesive
soils. A special poker or piling rig is used to drill down to the relevant depth. A small amount of
aggregate or stabilised soil is introduced into the hole and this is compacted before the next layer
of aggregate or soil is added. Successive layers are built up to form a ‘stone column. A grid of
stone columns is formed in the ground. At the same time, densification of the surrounding soil is
undertaken by the specialist contractor. Although the stone columns act as weak piles transferring
building loads to a firmer stratum, the stone columns and the treated soil work together to share
the load of the building.

«  Dynamic compaction: This is a further alternative form of ground treatment with a very grand
title but, in fact, it simply involves dropping a weight of several tonnes on to the ground from a
crane. However, it is not suitable if there are existing buildings in the immediate vicinity.

Vibro-compaction e SN Dynamic compaction

These two photographs show a site receiving vibro-compaction prior to development.
Photographs courtesy of Roger Bullivant.
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Peat

This soil, which commonly occurs in moorland areas, has a very low bearing capacity and is
unsuitable for supporting any foundation for housing. If a site contains large areas of peat and it
is not possible to avoid building on them, there are two solutions. If the peat is shallow, it can be
excavated and replaced with a good-quality fill, compacted in layers and used to support a raft
foundation. The alternative is to pile through the peat to a firmer stratum. However, both forms
of construction can be very expensive.

Mining areas

Where subsidence is likely to occur as the result of mining, it is important to obtain guidance
on past (and possibly future) workings from the Coal Authority. Designing suitable foundations
is definitely the province of specialist engineers and often requires the use of very sophisticated
rafts. Such work is beyond the scope of this book.

Summary

The table below summarises suitable foundation solutions for typical conditions. It should not,
however, be regarded as a set of rules. There is no reason, for example, why raft foundations or
piling should not be used on soils of good bearing capacity. Nevertheless, in practice it is often
more economical to use simple strip foundations that do not require sophisticated design and
that are not dependent on skilled labour or specialist subcontractors.

STRIP FOUNDATIONS PILED FOUNDATIONS RAFT FOUNDATIONS

1. On rock, gravel, dense sand 1. On shrinkable clays with new or 1. On grounds of low bearing
or stiff clay, narrow strip felled trees. capacity, such as soft clay or silt.
foundations are usual. 2. Where a firmer layer of ground 2. In mining areas, where

2. On soft clay or soft sandy clay, is at considerable depth, i.e. subsidence is a risk.
wider strip foundations are where strip foundations would be 3. On deep areas of fill, where piling
usually required. uneconomical. would be uneconomical.

3. Where the water table is close to

the surface of the ground.



External masonry
loadbearing walls

Introduction

This chapter explains the principles of wall construction and traces the introduction and
evolution of the modern cavity wall.

Function

The external wall of a house wall has two basic functions:

« to transfer the loads from suspended floors and the roof to the foundations
« environmental protection.

In order to satisfactorily fulfil these functions there are a number of requirements for an external
loadbearing wall. These are:

- strength and stability

e weather protection

» good thermal insulation

» good acoustic control

«  fire protection

e durability.

Early materials

Up until the sixteenth century, timber was the dominant structural material for most vernacular
buildings. After that time, building in brick and stone became more common for a number of
reasons, including shortages of timber supplies and, perhaps more significantly, the disastrous
experience of fires in towns and cities which led James | (and later, following the Great Fire of
London in 1666, Charles Il) to issue proclamations insisting on the use of stone or brick.

Traditional timber-frame buildings.

47
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Stone

In early construction, the type of stone used for a particular building would largely depend on its
geographical location. It was rare to transport stone across the country, other than for the most
prestigious of buildings. The stones most commonly used were those that could more easily be
quarried and cut. Sandstone and limestone were the two most common materials, although flint,
slate and granite were also used. The cheapest type of stone wall was made from random rubble,
where stones of assorted shapes and sizes were laid in a cement or lime mortar.

An example of random rubble.

There are a number of variations on random rubble, mostly defined by reducing randomness’
(for example, random rubble laid to courses, squared rubble and squared rubble laid to courses).
Some examples are shown in the photographs below.

Random rubble laid to courses.

Random rubble. Squared rubble. Squared rubble laid to courses.

The alternative to rubble walls is ashlar. Ashlar (which is a style not a material) is stone cut
with great accuracy and laid on very thin mortar joints. Although rubble work was often valued
for its ‘rustic’ appearance as well as its relative cost, ashlar generally tended to be associated with
more prestigious buildings.
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Ashlar stone (close up).

Rubble and ashlar were often used together, typically with rubble being ‘framed’ by ashlar
at the corners of elevations, or by the use of ashlar around windows in a rubble wall. Also, it is
not uncommon to see ashlar used for a bay in a predominantly
rubble elevation - as shown in the image to the right.

Because of its expense, ashlar was normally only used as a
facing material and required a structural backing in the form of
brickwork or rubble. Essentially, these solid walls were built as
two 'skins’ In order to bond the ashlar to the backing material,
some of the facing stones ran ‘through’ the wall. Alternatively,
ashlar was sometimes fixed back to the brickwork with iron ties.

Rubble walls were also constructed in a similar fashion and,
particularly in the latter part of the Victorian period, they would
often have a stone outer skin and a brick inner skin. Again
‘through stones’ (or header bricks) would be used to tie the two
skins together — as shown in the diagram below.

Pair of overlapping three-quarter
bonding stones, Aand B

Full bonding
stone, C

Headers bond
wall together

Simple rubble wall Rubble wall with Ashlar wall with rubble
brick backing stone backing
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Brickwork

The choice of brick or stone as the favoured building material in any given part of the country
was for many years influenced by the simple factor of geography, and therefore the availability

of materials. It was also affected by the development of trade skills and advances in technology
which allowed for more efficient quarrying of stone or excavation of clay, as well as industrialised
kilns for brick production which improved the ability to control both quantity and quality. The
creation of canals and, later, the rail system had a dramatic effect, particularly on the ability to
distribute bricks to areas with no clay deposits. Less pragmatic, but perhaps more significant,
factors were the issues of style and status. For example, brick was popular in the Restoration
period and the artistic skills practised by the bricklayers in both decorative and precision work
during this era was, and still is, much admired. The Georgian period is often characterised by the
stone buildings of cities such as Bath, but brick was a fashionable material for developments in, for
instance, Liverpool, London and Bristol. Because of the links between style and status, the aspiring
classes looked to these materials to demonstrate social position. In the Regency and early Victorian
periods, people aspired to the appearance achieved by ashlar stone. There were, however, surges
in the status of brick, including that which arose during the ‘Battle of the Styles'— an example
being the Queen Anne revival in the 1870s. At other times in the Victorian period brick was equal
to stone in status, partly because of the increasing precision with which bricks could be made.
This precision, allied to the wide range of colours, finishes and shapes that became available,
appealed to the Victorians' sense of pride in technological achievement as well as to their liking for
colour and decoration. Clearly though, this appeal was not universal; many late Victorian houses in
cities such as Bristol have stone walls at the front with brick being relegated to the side and rear
elevation, where it was often rendered. There are, however, geographical areas where brick was
used to the front elevation with stone being relegated to the side and rear.

Brick side wall on a stone-fronted Victorian house. An early eighteenth-century town house in Queen Anne
style constructed in brickwork.

Georgian terraced housing in Liverpool constructed in brickwork.
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The dominance of either brick or stone has waxed and waned over the centuries. For
various reasons modern houses tend, in the main, to be defined by walls with an external leaf
constructed in brick. However, some modern houses are finished with a render (see Chapter 12)
or a cladding material and, in these cases, the external leaf may well be constructed in concrete
blockwork. It is also the case that some houses will be built using a stone or artificial stone outer
leaf (artificial stone is a mixture of stone dust,
colouring agent and cement). Sometimes
stone or artificial stone is utilised on a
selection of houses on a modern development
in order to provide aesthetic variety, but
there are also cases where it is used because
it reflects the vernacular. In some instances
this may be a planning requirement. For the
purposes of clarity and consistency, and given
that the details will essentially be the same or
similar, this chapter concentrates on masonry

walls which typically have a brick outer leaf Stonework on a new development — in this case used to reflect

and a (concrete) block inner leaf. the local building materials.
Rubble stonework on the front elevation of a new house — Rubble stonework being used on a new development in a
presumably to introduce variety into the estate. conservation area.

Brick production and classification

The majority of bricks are made from clay,

which is usually prepared by grinding and Stock

mixing with water. This plastic compound

is formed into the required brick shape and

then dried and fired in a kiln. Different clays Waterstruck

have different characteristics and, by using

special manufacturing techniques and adding

a variety of additives, bricks of various colours

and strengths can be produced. Some bricks Wire cut

are still made by hand using practices that

have barely changed for several hundred These examples of bricks
years. Large lumps of wet clay are dropped produced by bstock Ltd show
’ . how different manufacturing
into wooden moulds, tipped out, and then

processes can achieve different
left to dry before firing. However, nowadays aesthetic appearances.

Handmade
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most bricks are either machine-pressed into steel moulds or extruded. In the extrusion process,

a continuous ribbon of clay is cut by wires to form bricks of the correct size. By altering the

extrusion process and cutting wires, a number of surface finishes can be obtained.
Bricks can broadly be described as:

e common bricks — these are suitable for general building work where the face of the brick will be
covered with plaster, render or another finish. It is unusual to find these bricks being used today in
housing

« facing bricks — these come in a wide range of finishes, colours and strengths and are used where
the face will be left exposed. The most common use today is for the external walls of houses

« engineering bricks — these are dense bricks with high compressive strength and low rates of water
absorption. They are categorised as class A or B. Although class A bricks are sometimes used as facing
bricks for houses (often because of their distinctive blue-grey colour) they are more likely to be found in
civil engineering structures such as retaining walls and bridges. Class B engineering bricks (sometimes
referred to colloquially as semi-engineering bricks) are used, among other things, in brick manholes.

Bricks can also be classified by their resistance to frost attack. Some bricks are totally resistant to

frost attack while others are quite vulnerable. Bricks suitable for severe exposure are classified

F2, those suitable for moderate exposure are classified F1, and those suitable for what is referred

to as ‘passive’ exposure are classified as FO. Class F2 bricks are therefore suitable for use in any

part of an external wall, including situations where they may be saturated and have to undergo
repeated cycles of freezing and thawing (with the caveat that the brickwork is detailed correctly).

This includes parapets, copings and retaining walls. Class F1 bricks are normally suitable for the

outer face of a building, as long as exposure is not severe and appropriate measures have been

taken in the design of the wall to prevent saturation. This generally means they are suitable from
above the DPC to below the eaves. Class FO bricks are generally for internal use only.

Bricks can also be classified by their soluble salt content. Classes S2 and S1 have imposed
limits on the percentage of salts they contain while Class SO bricks have no such limits.

Calcium silicate bricks

These bricks are made from sand or crushed flint and lime
mixed with coloured pigments. The materials are mechanically
pressed into shape and then placed in hardening chambers
into which steam is injected under pressure. During hardening,
a chemical reaction occurs to produce hydrated calcium
silicate. This is not dissimilar to the setting of cement. The bricks
are very regular in shape and can easily be recognised by their
pale colours. By varying the manufacturing technique, bricks
of different strengths and densities can be produced. They are
generally resistant to frost attack and virtually free from soluble
sulfates. Calcium silicate bricks are prone to shrinkage and this
needs to be taken into account in the way they are specified
and detailed. They enjoyed a period of popularity in the 1960s
and 1970s but are less fashionable now.

X Calcium silicate bricks in a 1960s house.
Concrete bricks

The majority of concrete bricks are made by blending and compacting dense aggregate with a
cementitious binder under high pressure. Coloured facing bricks are manufactured by blending
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different aggregates or by adding special pigments. By varying the proportions of cement, the
bricks can be manufactured in a variety of strengths. The material for concrete bricks can be
mixed with crushed stone aggregate to produce a material which mimics natural stone.

Blockwork

Blockwork has become very popular in the past 60 years or so because of its cost advantages
over brickwork (see the later section on cavity walls). Most blocks are equivalent in size to six
bricks (three bricks high and two long) and are available in a range of widths from 50mm to
300mm. Blocks less than 75mm wide are unsuitable for loadbearing walls. Blocks are made from
cement and aggregate, and by varying the quantity of cement and the nature of the aggregate,
blocks with different strengths and levels of insulation can be formed. Since blocks first became
popular in the late 1920s several different aggregates have been used in their manufacture, such
as crushed gravel, pulverised fuel ash, blast furnace clinker, gas coke breeze and pumice.

Changes in industrial processes have meant that some of these aggregates are no longer
available.

Blocks can be broadly classified into two types: dense blocks (heavyweight blocks) and
lightweight blocks.

Dense blocks

Dense blocks are made from cement, sand and crushed gravel and are suitable for work above
and below ground level. Because of their high density, they are good conductors of heat

and are therefore unsuitable for modern cavity walls unless additional insulation is provided.
However, they provide good sound insulation and are therefore ideal for party walls and
loadbearing partitions.

In the 1950s to 1970s dense blocks were used to form the
internal leaf of cavity walls. Today, they tend to be used

for foundation walls, internal loadbearing walls and party
walls — all areas where thermal insulation is not a primary
requirement. The photograph shows a 100mm loadbearing
partition incorporating a steel lintel and softwood door lining.

Lightweight blocks

These incorporate a variety of lightweight aggregates and are generally used for the internal
skins of cavity walls. Although slightly more expensive than ordinary dense blocks, they have
much better levels of insulation and are light and easy to handle. The level of thermal insulation
varies depending on the type of aggregate used. However, because of their low mass they do
not provide very good sound insulation and are not always suitable for party walls.

In modern construction a particular type of lightweight block made from autoclaved aerated
concrete (AAC), generally known as aerated blocks, have become very common. Aerated blocks
are made from cement, lime, sand, pulverised fuel ash and aluminium powder. Once these
materials are mixed with hot water the aluminium powder reacts with the lime to form millions of
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tiny pockets of hydrogen. These subsequently
diffuse from the material to be replaced by air.
Aerated blocks are easy to handle and
provide good thermal insulation. They are very
easy to cut and shape and will directly take the
fixings of screws as well as nails. Some aerated
blocks are not suitable for party walls because
of their low density, although in recent years a
number of manufacturers have produced aerated
blocks specifically designed for this purpose.

. . . . Aerated blocks being cut on site (note that the blocks shown
In modern cavity walls, with their emphasis ing cuit on site "

) ) ) are those used in ‘thin joint systems’ and are therefore larger
on high levels of thermal insulation, aerated than standard aerated blocks). Photograph courtesy of H+H
blocks are by far the most common method of  ukLtd.

forming the internal leaf.
Weather protection

Many concrete blocks absorb water more readily than brick or stonework and, if used externally,
may require additional weather protection. Suitable protection includes weather boarding, tile
hanging and render. Aerated blocks, unlike their dense concrete counterparts, usually have a
closed cell pore structure which limits moisture penetration.

Size of bricks and blocks
A standard metric brick is 215 x 102.5 x 65mm and a standard block 440 x 215 x 100mm.

Allowing for the mortar joints (10mm), six bricks are equal in size to one block. These sizes may
seem a bit arbitrary but they are, more or less, a direct conversion from imperial measurements.

Standard brick A standard block is two bricks
long and three bricks high.

Standard block

65mm

102.5mm

Mortar

Mortar is the material which binds the bricks and blocks together. It helps to distribute the load
through a wall and ‘seals’ the brick or block joints against water ingress. Mortars should have:

«  good workability

- sufficient resilience to accommodate long-term thermal movement of the masonry

» adequate bond strength

e good resistance to water penetration.

Mortar is made from fine aggregate (usually sand) and a binding agent (nowadays usually
cement). When mixed with water, a chemical reaction, called hydration, occurs and the mortar
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sets. Early mortars were usually based on lime and sand but they were very slow to set and

readily absorbed rainwater. There are two basic categories of lime:

«  Non-hydraulic lime: This is produced by burning (pure) limestone in a kiln in order to convert it
into ‘quicklime’ which is then slaked in water to produce lime putty. A mortar made from lime putty
sets through a process known as carbonation, where the lime gradually hardens by absorbing
carbon dioxide from the atmosphere.

« Hydraulic lime: This is produced from the burning of limestone that contains impurities — such as
clay, for example. Hydraulic limes are used in powder form and set through contact with water (i.e.
hydration). See also Chapter 12 External rendering.

Modern mortars use cement as the main binding agent. Hydrated lime — a powdered form of

non-hydraulic lime — was, in the past, often introduced into the mix to make it more ‘workable’

This happens less frequently nowadays as mortars tend to rely on chemical admixtures to

provide the qualities which the addition of lime formerly produced. The use of lime in a mortar

mix improves the mortar’s ability to cope with thermal and moisture movement, improves the

adhesion between the mortar and the brick and the strength of the brickwork. It also improves

the resistance of the mortar to rain penetration — partly because it is less likely to shrink and
crack, but also because it produces a mortar which will allow moisture to evaporate.

Admixtures

Admixtures, such as liquid plasticisers, can be used in place of lime to improve the workability

of a mortar. Plasticisers break down the internal friction in the cement, making it less dense and

therefore easier to work. A mortar mix of 1 part cement to 5 parts sand, plus plasticiser, is roughly

equivalent to a 1:1:6 cement/lime/sand mix. Although a plasticiser will improve workability it will

not provide some of the other benefits, such as flexibility and breathability that adding lime does.
Another option is to use masonry cement. This is a pre-bagged mix of cement and

chemicals, which have been added to improve the workability of mortar.

Mix proportions

By varying the proportions of the cement, the strength of the mortar can be increased or
decreased as required. Strength, at least in this context, refers to hardness and permeability. As
a general rule, a weak mortar mix (i.e. one with relatively less cement) will suffer less shrinkage
when it sets and is more able to withstand the long-term rigours of thermal and moisture
movement. In addition, if minor cracking does occur in the wall, it is more likely to occur at the
joints, which can easily be raked out and repointed. However, the mortar must not be too weak
or it will become too porous and may be crushed under high compression forces. A weaker
mortar will also generally be less durable.

It is essential to ensure that there is adequate adhesion between the bricks and mortar. To
achieve good adhesion a mortar must have good workability. Mortar of poor workability will
not ‘give’ adequately, and will allow air to be trapped between the brick and the mortar, thus
preventing a proper bond. The term ‘fatty’is sometimes used to describe an ideal consistency for
a mortar — a ‘fatty’ mortar will stay on the trowel but not stick to it. It will also spread easily and
not set either too quickly or too slowly. Cement-rich mortars are difficult to work with and there
is a temptation on site to add extra water. This will ultimately reduce the mortar’s strength.

Mortar sand needs to be well-graded. This means that it should contain a mixture of particle
sizes because a volume of sand where all the particles were of similar size would contain more air
than would be the case with a well-graded sand, meaning that a greater proportion of binding
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agent (i.e. cement) would be required. A given volume of graded sand contains approximately
25 per cent of air space. The strength and physical properties of a mortar are determined by the
type of binder that fills this air space. For example, a cement/sand mix of 1:3 will result in the

air space within the sand being completely filled by the cement, producing a strong but brittle
mortar. The relatively high cement content will probably result in shrinkage as the mortar sets.
Many bricks and blocks cannot resist this shrinkage, resulting in loss of bond and cracks in the
mortar. By replacing some of the binder with lime (say, 1:1:6, cement/lime/sand) the binder/
aggregate ratio is maintained at 1:3 and the mortar has improved workability, better adhesion
and longer durability. Some typical mortar mixes are shown below.

H Category ~ Cement:lime:sand Masonry cement:sand Cernent:sa{w(.j

. . (with plasticiser)
Increasing Ability to i 1:0.25:3 3 13

strength & accommodate ii 1:0.5:4 130r4 13014
improving movement i 1:1:5 0r 6 1:50r 6 150r6
duraLtlnhty iv 1:2:8 0r 9 1:70r8 1:70r8

Increasing resistance to frost during construction
[

Better adhesion and resistance to rain penetration
]

Table adapted from Brick Development Association publication.

Pre-mixed mortars

These are delivered to site in sealed containers,
ready for use. They usually contain a retarder
so they remain usable for 36-48 hours or so.
At the end of this period they develop their
strength in the same way as normal mortars.

An alternative to pre-mixed mortars, which
can often be seen on larger building sites are
dry mixed silos. These contain a dry mortar
mix with appropriate proportions, colourants
and materials for the particular purpose (e.g.
for the mortar for facing brickwork or for aerated
blockwork) required on the specific site. The silos have an integral mixer and allow different sized
batches of a consistent mortar to be mixed as and when required.

Dry mix mortar silos on site.

Jointing and pointing

The face of the mortar joint between the brick or block may be finished in a number of
ways. These are largely dependent on the exposure of the building, the type of brick and the
preference of the designer. Examples of the most common joints are shown below.

Flushed joints are formed by skimming off excess mortar from the face of the mortar. For
the other joint profiles the mortar is left to harden slightly and the joint profile is then formed
using an appropriate tool. Tooled joints offer the best weather protection because the tooling
smoothes and compresses the joint. Recessed joints are not suitable for buildings in exposed

2 BB E

Flush Recessed Struck Bucket handle
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situations because they do not readily shed
water — the recess interrupts the flow down the
face of the wall and it will tend to stay wetter
for longer than if one of the other joints were
used. For this reason, only bricks with good frost
resistance should be used with recessed joints.
Most brickwork, these days, is jointed as
work proceeds. Pointing is the term used to
describe existing or new joints which have
been raked out and filled with fresh, often
coloured, mortar. Pointing is relatively rare in
new construction because coloured mortar
mixes are now relatively cheap. However, the Brick Development Association observes that for
some joint profiles it is only practicable to form them as pointing — they give the weather struck
and cut joint as an example. With pointing, the mortar mix must be slightly weaker than the
jointing mortar. If it is stronger, the outer face of the bricks, immediately above and below the
pointing, will carry excess load. This can result in the edges of
the bricks spalling.
Mortar joints have a significant visual effect on a brick
wall. The Brick Development Association points out that, with
stretcher bond, about 17 per cent of a wall is mortar. The colour
of the mortar can have a dramatic visual impact on the overall
appearance of the wall — as demonstrated by the repointing of
the brickwork shown in the photographs on the right.
The choice of joint profile can also have a significant
effect, partly due to the way that they either accentuate or
obscure the junction between the brick and the joint and
partly in the way that different profiles cast shadows and
reflect light. The image below, for example indicates how
different profiles affect the appearance of a wall built with
the same bricks.

Brickwork in the process of being jointed.

Flush

Bucket handle

Close-up of repointing to elevation
shown above.

Recessed

Struck

Courtesy of the Brick Development Association.



58

Chapter 4: External masonry loadbearing walls

Laying the bricks to a‘bond’

The simplest of brick walls is a 102.5mm thick one (usually referred to as a half-brick wall). In
order to satisfactorily fulfil its structural function, the bricks have to be bonded in a particular
pattern. If the bricks are stacked as shown in the diagram below and the wall is loaded either
vertically or horizontally, the panel of brickwork will gain no support from the bricks on either
side. By rearranging the bricks in a different pattern, suitable support can be provided.

Load

Unbonded wall Bonding spreads loads across wall. This bond
is called stretcher bond.

The bond above is known as stretcher
bond because you can see the long face or
'stretch’ of the brick (the short face is known
as the head).

Stretcher bond.

External walls before the 1920s

The relatively thin wall shown in the diagram above (i.e. a half-brick wall) is not suitable for
domestic construction due to its low insulation and poor weatherproofing qualities. However,

it will sometimes be found in poor-quality small extensions such as old sculleries, outside WCs
and coal sheds. A wall must be at least 215mm or one brick thick to provide reasonable weather
protection and this was the standard form of construction for the majority of brick-built houses
before the 1920s. For one-brick walls, stretcher bond is not suitable as it would entail building
two half-brick skins side by side, each acting independently of the other; this would seriously
weaken the wall.

To overcome this problem different bonding techniques were (and are) used for one-brick
walls. Two common bonds are English bond and Flemish bond.

English bond and Flemish bond both differ from stretcher bond in that some of the bricks
are laid at right angles to the face of the wall in order to bind the two halves of the wall together.
These bricks are known as headers and are illustrated in the diagram opposite.

As the photographs opposite show, English bond comprises a row of stretchers followed
by a row of headers while Flemish bond comprises alternate headers and stretchers in each
course.
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English bond . English bond .

Flemish bond .

Flemish bond .

English bond

English bond comprises a row of
stretchers followed by a row of

<oy
Stretchers ‘). - J
.n.......? /
Q

L Queen Closer J A quarter brick known as a Queen Closer

is required to line up corners and openings.

From the diagram above it should also be clear that additional bricks, known as Queen
Closers, are required to complete the bond. They are positioned at either end of a run of
brickwork. They are also required to maintain the bond at corners. Consider the Closer in the
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middle course of bricks. If this is replaced with a header, the front and side walls would no longer
be bonded together because there would be a straight vertical joint at that point (i.e. they avoid
a joint that goes through more than one row).

Flemish bond with Queen Closers at a return in a brick wall.

Garden wall bonds

A number of different bonds were developed in the Victorian era, including ‘garden wall’ versions
of English bond and Flemish bond. These were, as the name suggests, used for garden walls but
were also often used to construct the main walls of the house, although they were usually, but
not always, confined to rear and side walls and were often rendered.

Flemish garden wall bond to a gable wall on an English garden wall bond to the side of a Victorian house
early 1920s house. with a rubble stone elevation.
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As can be seen in the photographs on the previous page, both bonds have a greater number
of stretchers than their ‘true’ bond equivalents, and it is this aspect that probably made them
popular. It is easier to lay and level stretchers than headers and there is less waste because
oversized bricks (which might have to be rejected as headers) can be accommodated by adjusting
the thickness of the joint. In fact, true English bond is rarely found on houses in this country.
Although it is a very strong bond and is found in Victorian engineering works, such as viaducts
and bridges, it is not particularly common in housing. Flemish bond is much more common.

Other variations on English bond included, for example, English Cross bond, often used
where patterned brickwork is required, while Monk bond was a variation of Flemish bond.

|
| o |
LI 1 o

I [ | [ |
O e

O | |
Ry o
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English Cross bond Monk bond

Wall thicknesses

On Victorian and Edwardian properties over two or three storeys high, the walls are often more
than one brick thick at lower levels. This was done to improve their stability. The walls reduced in
thickness at each floor level as the imposed loads decrease.

One brick H
Oneanda
half brick

Two brick

Openings in solid brick walls

Where openings occur for doors or windows, support is required at the top, or head, of the
opening. A window frame is not designed to carry any wall loading. The load which has to be
carried is, in fact, quite modest due to the bonding of the brickwork. Stretcher bond is not used
for solid walls but it does show the principle quite clearly. The loads can be supported in a
number of ways and some common methods used for older houses with solid walls are shown
overleaf.
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The bonding of the bricks means that only a small
area of brickwork is supported by the lintel.

.

In an axed arch the bricks are cut to a taper
on site using chisels and saws. Joints are 10mm or so.

Gauged arch with rubbed bricks.

This is known as a segmental rough arch:
segmental because the arch is a segment of a circle,
rough because the taper is in the mortar.

s B ¥

Timber lintels often found on
the inner face (common until 1920s).

The taper is less obvious if the arch is laid in ‘rings’.

In a gauged arch the bricks are shaped on site very precisely
and laid with very thin joints, perhaps just 3mm or so. The
bricks themselves are often quite soft so that they can be
rubbbed or sanded to a taper. Arches can be any shape:
semicircular, segmental or even flat. Flat arches have a very
slight camber. Without it the arch would appear to be falling.

The flat gauged arch (shown in the
photograph left) is more likely to be found in
better quality housing. The soldier arch and
segmental arch are common in the cheap
speculative inner-city housing of the late
Victorian period. In practice, most openings
in Victorian and Edwardian solid walls have
a timber lintel over the inner half of the wall,
further reducing the load that needs to be
supported by the arch. Arches add significantly
to the character of older houses — and a
selection are shown opposite.
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Ringed segmental arch.

Segmental arch (i.e. it is a segment of a circle). Semicircular arch.

More elaborate/decorative versions of these basic arch designs are shown below.
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Early damp proof courses

The wall below ground level is likely to be permanently damp and, to prevent moisture rising
through capillary action, it is, nowadays, a requirement of the Building Regulations that walls
should resist the passage of moisture. This requirement is most commonly complied with
through the provision of a damp proof course (DPC). DPCs first came into use towards the

end of the Victorian period when materials such as tar and sand, or hessian soaked in tar were
commonly used. On more prestigious buildings, lead and copper were often employed. It was
also common to find buildings with two or three courses of engineering bricks or layers of slate
providing a barrier to rising damp. The DPC should be well clear of the ground (at least 150mm)
and should ideally be a flexible material to allow for slight differential movement. Slate DPCs
often failed due to cracking as the building settled slightly during its life.

Slate DPC on a house from the early twentieth century.

”

DOULTON
< SEEEETEEEEE >
Example of a vitrified clay DPC. Vitrified Clay was also used as a dpc in the Victorian period.

Bitumen felt DPC (in a stone wall).
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In practice, many early DPCs are no longer effective; materials become brittle with age,
buildings settle, and external levels often change due to such measures as the resurfacing of
footpaths and the like. Fortunately, many buildings can cope adequately without a DPC as long
as the brickwork is of the right quality and the ground is well drained.

DPCs should be at least 1I50mm above
DPC ground level (to stop splashing wetting

the brickwork above). In practice,

this gap is unlikely to be found in older

houses, particularly where paths and

pavings have been resurfaced.

Environmental performance of solid walls

Damp penetration

A well-built and properly pointed one-brick (or stone) wall which Rain

is in good condition should exclude rain unless it is in the most R L
exposed of situations. Although some rain will be absorbed by PO

the wall during heavy rainfall, its thickness should prevent damp ) ‘:‘:9}

from reaching the inside face. When the rain stops, the water

will evaporate and the wall will dry. However, over the years the
general deterioration of poor quality brickwork and old lime mortar
can result in damp penetrating to the inside face and effective
solutions can be costly. If a solid brick wall were to be used in an
area of severe exposure, the Building Regulations recommend that
it should be 1% bricks thick (325mm).

Heat loss

A one-brick (or stone) wall would not meet the thermal insulation requirements of the current
Building Regulations. However, in an existing house they do act to some extent as thermal
moderators because of the way that they can absorb and store heat, and then release it slowly to
the interior of the house. So, for example, thicker walls can absorb excess heat from solar energy
coming through the windows and slowly release it to the interior in the evening, thus preventing
houses becoming too hot in the summer months. In the same way they will absorb heat
produced by the heating system and then release that stored heat once the system is turned off.
However, because they act as a ‘thermal store’ this does mean that they will take a relatively long
time to heat up as well as to cool down. This factor, and how it might affect decisions about how
to improve the thermal insulation of solid walls, is discussed further in Chapter 16.
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Condensation

If a building with a solid wall is constantly heated, condensation Condensation on inside face
is unlikely to occur as the structure will be kept warm. However,
in the majority of domestic buildings the heat is switched on and
off as required by the occupants. If the inside face of the wall
cools below a particular temperature then moisture in the air

will condense on the cold surface. As observed above, solid walls
will take a relatively long time to heat up and, particularly if they
are not insulated, they can be prone to condensation (for further
information on condensation refer to Chapter 16).

&

The cavity wall

Although there are earlier examples, the cavity wall started to become more common in the
1920s and it helped to overcome the three problems of damp penetration, heat loss and
condensation described above. An early cavity wall basically comprises two skins or leaves of
brickwork separated by a gap of 50-70mm.

The cavity has two functions:
= it prevents water from reaching the internal skin
« itimproves the thermal efficiency of the wall as the air in the cavity is a good insulator.
Two 100mm skins of brickwork each acting independently are not very strong or stable and it
is a requirement of the Building Regulations that the two leaves of the wall are tied together at
regular intervals in order to ensure that the finished wall is strong enough to carry the required
loads. This is done by the use of wall ties.

Early cavity wall

Wall ties
Two or three

coats of lime
plaster

Outer leaf in facing bricks

Wall ties from 1925 trade catalogue. The upper
ties were available tarred or galvanised. The lower
Two leaves of brickwork with 5omm or 7o0mm cavity ties (wire) were galvanised.

Some of the very early ties were made from iron, which was brittle and rusted very quickly.
Later ties were made from galvanised steel (steel coated with zinc) and, albeit in limited numbers,
copper. Plastic ties have also been used. Current Building Regulations recommend that stainless
steel ties are used, although other materials would be acceptable as long as they complied with
the British EN Standard or had a suitable form of third-party accreditation — such as the British
Board of Agrément.
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It is important that the tie is correctly positioned to ensure that any water in contact with
the tie does not reach the inside skin. Three suitable examples are shown in the diagram below.
The Building Regulations set out recommendations for the frequency and position of the
ties, but generally they should be spaced 900mm apart horizontally and 450mm vertically (at
every sixth course of bricks and every second course of blocks). Extra ties should be positioned
horizontally within 225mm of openings, such as window and door openings, as well as at
verges, movement joints or ends of walls. In these positions the ties should be no more than
300mm apart vertically.

Ties are formed with a ‘drip’to prevent water passing along the tie from the outer to the
inner skin (see below). Special ties are required for wide cavities, and special ties and additional
proprietary clips are required when cavity insulation boards or batts are used (see photographs
onp.71).

Butterfly I

Vertical twist

Cezz

the cavity

Double triangular
Drip positioned
& zQ& in the centre of

A selection of wall ties.

As mentioned above, early cavity walls had brickwork in both skins; facings on the outside
and commons on the inside. However, it soon became popular to use concrete blocks for the
inside skin because they were cheaper and quicker to lay, and they improved the wall’s thermal
insulation. Over the years there have been a variety of concrete blocks on the market, differing
mainly in the type of aggregate used. Increasing emphasis on thermal efficiency means that
only a few of these blocks are suitable nowadays unless additional insulation is provided. Typical
construction for modern walls is shown in the next section.
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The modern cavity wall

Thermal insulation and cavity walls

Outer leaf in facing bricks

Inner leaf in concrete blocks

A typical house from the 1950s.

Cavity wall from the 1950s formed with dense concrete block inner
skin and no insulation. Note, however, that an inner skin of brickwork
may still have been used in this era.

To a large extent the development of the cavity wall has, particularly in recent years, been
driven by the need to improve the thermal performance of external walls. Since the 1970s, the
Building Regulations have required external walls to have increasingly lower U-values, therefore
increasing the need for higher levels of thermal insulation (see Chapter 16 for an explanation
of U-values).
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Approximate U-value W/m2K

One-brick wall 350mm stone/brick wall Early cavity wall
U-value 2.10 U-value 1.70 U-value 1.80
[ = O
— = 0 O
e
[ =
e mim
-- £ [
0 £ L
-
[ — /= 1
1972 1980 1985 1990s

U-value 1.70 U-value 1.00 U-value 0.60 U-value 0.45

103mm facing brick
somm clear cavity
100mm dense block
any plaster finish

103mm facing brick
somm clear cavity
100mm lightweight block
any plaster finish

103mm facing brick
somm clear cavity
125mm lightweight block
any plaster finish

103mm facing brick
50mm cavity insulation
125mm lightweight block
any plaster finish

The diagrams above show the changes to the minimum ‘back stop’average U-value required
by the Building Regulations from the early 1970s until the 1990s. This was reduced to 0.35 in
2006 and to 0.30in 2010.

Following amendments to the Building Regulations introduced in 2010, the minimum
‘back stop' limiting U-value required for an external wall (or a wall to an unheated area such as
a garage) is 0.30. But this is in the context of the approach known as the target emission rate
(TER), which is the recognised holistic way of showing compliance with the requirements of the
Regulations and it concerns itself with the carbon dioxide emission rates from new dwellings.
The Building Regulations state that the achievement of the TER is likely to require a thermal
performance higher than 0.3. In practice, this will also depend on factors such as the space and
hot water heating system efficiency, the type of fuel used and the air permeability of the fabric.
As part of the 2010 amendments there is also a requirement for the insulation of any party walls
to other dwellings to achieve a minimum ‘back stop’ limiting U-value of 0.2.

The diagrams below illustrate some of the ways that a U-value of 0.3 might be achieved.

U-value 0.30W/m2K (approx.)

Clear cavity

Filled cavity

Partial cavity Solid
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103mm facing brick
5omm clear cavity
115mm aerated block
40mm thermal board

103mm facing brick
75mm cavity batts
115mm aerated block
any plaster finish

103mm facing brick
30-50mm cavity board
50mm cavity retained
125mm aerated block
any plaster finish

15mm render
215mm aerated block
30mm thermal board
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It may seem pointless to fill a cavity with insulation (as in the second example from the left,
bottom of previous page) when the cavity is acting as an insulator in the first place. However, it is
important to remember that the insulating material itself does not provide any insulation; it is the
tiny pockets of air trapped within the material that prevent or reduce heat transfer. Uninsulated
cavities do permit some movement of air and therefore heat is lost through convection. Trapping
the air within the insulation means that the air is not free to move and heat is retained. A
comparison of the advantages and disadvantages of each approach is contained in Chapter 16
on insulation.

The challenge of meeting minimum U-value requirements has been addressed by
improvements in the thermal performance of blockwork and insulation materials, as well as
by increasing the thickness of both elements. It is expected that amendments to the Building
Regulations in 2013 and 2015, and the associated moves towards a zero carbon policy, will
require further reductions to minimum U-values. It should be noted, however, that in order to
achieve certain levels of the Code for Sustainable Homes (see Chapter 2), minimum U-values for
external walls will have to be lower than those required by the current Building Regulations (i.e.
the 2010 amendment). Two examples of wall insulation related to the Code are shown below.

Level 3 - U-value 0.18

Brick 102mm

Residual cavity 5o0mm
Cavity board 75mm
Aerated block 100mm
Plaster dab cavity 15mm

Plasterboard 12.5mm

Level 4 - U-value o0.15

Brick 102mm

Residual cavity 50mm
Cavity board 75mm
Aerated block 100mm
Plaster dab cavity 15mm

Thermal board 40mm

Cavity insulation boards

Cavity insulation boards are generally rigid and
are fixed against the internal leaf of blockwork
with large plastic retaining washers which clip
over the wall ties. The boards are normally
supported between two rows of ties — to do
this properly requires ties at greater frequency
than those required for structural stability. The
ties should be in line, not staggered.

The image (right) shows the insulation
board and cavity tie before the retaining
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washer is put in place. The washer, which
holds the insulation in place, is shown in the
images on this page. This retains the partial
cavity.

Cavity boards

Ties at closer centres than those
required for structural purposes.

Special ties support boards and maintain cavity




72

Chapter 4: External masonry loadbearing walls

Structural stability

In domestic construction, the stability of an external wall is assisted by the ‘bonding in’ of internal
partitions and flank walls. Additional stability is provided by the floor joists and roof timbers. These
items are all considered in more detail in later chapters and details of typical examples are given.

Sound insulation

To reduce the problems of sound interference from adjoining properties, the Building
Regulations recommend minimum performance standards for party walls. Airborne sound (from
voices, radios, etc.) is reduced by mass and, in practice, this can be achieved by using dense
blocks or bricks in either a 215mm solid wall or a 250mm cavity wall. Materials such as standard
aerated (lightweight) concrete blocks are not always suitable because of their low density.

Fire protection

The Building Regulations demand that the external walls of a dwelling provide adequate fire
resistance for the building to retain its structural stability and allow occupants to escape. They
must also restrict the spread of fire to or from adjoining properties.

The Building Regulations recommend that dwellings with the top floor within 5,000mm of
ground level should have 30 minutes’ fire resistance and 60 minutes' fire resistance for houses
with any floors above this level. Also, regardless of the height of dwellings, walls to adjoining
properties (party or compartment walls) should have 60 minutes' fire resistance to both sides.
These levels of fire protection are easily achieved by default when using materials such as clay
bricks and concrete blocks.

In order to prevent the spread of fire to or from other buildings or dwellings, the Building
Regulations also limit the amount of ‘unprotected areas, such as doors and window openings or
sections of walls that do not have the required amount of fire resistance. This limitation is related
to the distance to a relevant boundary. Likewise guidance is given on the permitted areas of
combustible cladding materials used on external walls, such as timber or uPVC cladding, again
depending upon the type of material and the distance to relevant boundaries.

Modern damp proof courses

Modern damp proof courses (DPC) are made
from flexible materials and, if correctly laid,
should prevent any damp from rising into the
superstructure. It is also important to ensure that
there is a good joint between the DPC in the wall
and the damp proof membrane (DPM), which is
there to prevent damp rising through the floor.
This is covered in more detail in Chapter 5.
Modern materials for a DPC include
bitumen felt, lead cored bitumen felt and dense
polythene (by far the most common). It is
essential to ensure that the DPC does not cross
the cavity as this will provide a path to the inside DPC being laid to cavity wall (shown here on brick outer

skin for any water running down the cavity. skin but will also be applied to inner skin of blockwork).
Photograph courtesy of H+H Ltd.
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Most modern DPCs are made from polythene. The DPCs should not project into the cavity
where a possible build-up of mortar might bridge the cavity and allow damp to penetrate.

Note: If it is necessary to provide a DPC across the cavity to give protection against ground
gases such as radon, a cavity tray and associated weepholes should be provided above the DPC
to direct any moisture or water that enters the cavity to the outside (see section on radon at end
of Chapter 5 Ground floors).

Separate DPC |y | DPC = =
for each leaf. ¢ . L |
— 150mm (min.) —
A7\ | L INWAwW
1
N
Blocks in bothleaves | | || .
below ground level. 1 7] Weak concrete cavity Trench blocks — width
fill below ground level. to suit cavity wall.

There are three points worth mentioning about the diagrams above.

e Inthefirst example the outside skin is built in blockwork rather than brickwork below ground level.
Aerated (lightweight) blocks can be used below ground level, but for reasons of economy dense
blocks are more likely to be used. Manufacturers produce extra wide blocks and these are shown in
the second example. They are quick to lay and provide good stability.

«  The cavity below ground level is filled with a weak mix concrete to prevent the leaves being
squeezed together when the trenches are backfilled. It is important that this cavity fill stays well
below DPC level if future problems of damp penetration are to be avoided.

e The DPCis laid in two separate strips, one for the internal skin and one for the external skin.

The two images above show aerated trench blocks being laid.
Photograph courtesy of H+H UK Ltd.
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External wall up to the level at which it will receive a
suspended concrete ground floor.

Openings in cavity walls

The cavity fill below ground level helps to ensure that the
two leaves are not squeezed together by pressure from the
ground when the trenches are backfilled.

There are a variety of ways in which openings can be made in external walls to accommodate
windows and doors. However, any design must safely support the loads from above and prevent

lateral damp penetration.

The diagram below shows a typical detail of a wall built in the 1960s or 1970s. During
this period cavity insulation was rare. At the top or head of the opening a box-section steel

lintel with an extending ledge or toe supports the external skin. In cavity wall construction
it is the internal skin which requires most support from the lintel. The perforations in the back
and bottom of the lintel are to ensure bonding of the plaster. At the sides or jambs of the

opening, the blockwork is returned
across the cavity in order to provide
stability at the opening and a good
fixing for the window frame. If the
blockwork touches the brick, a path is
created for damp and therefore the
two materials are separated by a
vertical DPC. At the bottom of the
opening there is a window board on
the internal skin and a window sill on
the external skin. On the underside of
the sill there is a groove or notch which
is known as a drip. This prevents water
running back under the sill and into
the wall (see p. 80 and Chapter 15).

In modern construction there is
more emphasis on preventing damp

Steel, box-section lintel carries loads
over opening. The sloping face forms a
cavity tray to direct any water away
from the internal leaf.

Perforations on the back of the lintel
provide a key for the plaster.

A vertical DPC separates the
internal and external leaf.

The frame was fixed to the
external leaf of brickwork.
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penetration (as well as thermal bridging) and recommendations in the British Standard include
additional protection against damp.

Cavity tray over full length of lintel.
(Tray not required by some lintels.)

[

DPC with 25mm projection
into cavity and lapped

behind t din front
hing fray and infron Stop ends if insulation fills

of sill DPC. : .
’ cavity (to stop water running
off ends of tray and wetting
insulation).
DPC at sill required if sill is permeable or jointed, or
if sill is in contact with insulation or inner leaf. Sill DPC (with stop ends as required).

The head

In the 1940s and 1950s lintels were often made from concrete in a variety of patterns. Some
contained cavity trays but many did not; as a result, problems of damp penetration were
common.

Some concrete lintels were ‘boot’ shaped and painted on top with bitumen to provide a tray;
others had a separate tray provided in lead or, in later houses, polythene. In the 1960s and 1970s
steel lintels became common. ‘Catnic’ lintels were usually box shaped and incorporated a cavity
tray. They were lighter than concrete and could be carried by one operative.

Concrete lintels from the 1930s-1950s

Cavity tray prevents
damp penetration.

=

Damp
I :
penetration Concrete boot lintel o o
o O « with bitumen coated
upper surface.
* Condensation

‘Catnic’ hollow box-section lintel.
These are quite light and do not
require a separate cavity tray.
They are still popular today -
modern ones contain insulation.

Steel lintel from -
the 1960s-1980s -
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These three imagess are of 1950s houses with concrete lintels.

Nowadays several patterns of lintel are available incorporating some form of insulation.
The photographs below and on the next page show modern insulated lintels.

Insulated lintel from a house built in 2005.
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An insulated lintel over a window opening of a modern
house. Note the plastic vertical insulated cavity closer in place
(below the lintel); see the section on jambs below.

Note the thermal insulation to the lintel.

A cavity tray should be incorporated above the window or door opening in order to direct
any water running down the cavity away through the external leaf. Weepholes, which allow the
water to escape, should be located every 450mm or so. These are usually formed using plastic
inserts (in the past they were often just open perp (perpendicular) joints).
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Weepholes above a window. Weepholes above a window.

Weepholes formed on a cavity tray. Sometimes (as here) the cavity tray is located a few courses
above the opening.

Some lintels have an integral cavity tray while others need a separate tray — this is usually
formed using DPC materials on site or installed as part of a proprietary pre-formed system. The
cavity tray usually sits directly on top of the lintel, although sometimes it is located a few courses
above it.

A cavity tray in the process of being
formed over a lintel.
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The jambs

At the sides or jambs of the opening a good fixing for the window should be provided and the
detailing should prevent damp from bridging the cavity. Until recently it was normal practice

to close the cavity by returning the inner leaf to meet the outer leaf and to prevent damp from
crossing into the blockwork a vertical DPC is required. In some early cavity walls (1920s) the DPC
was omitted.

== B =

In some early cavity walls the cavity was Some early cavity walls had closed From the 1930s onwards most cavity
not closed. This provided a poor fixing cavities but no vertical DPC. walls had vertical DPCs. Internal leaves
for the frame. could be block or brick.

o .

Better protection is provided in modern walls where the DPC should project Nowadays an insulated vertical DPC
into the cavity by about 25mm. In modern construction the internal leaf will is required or a proprietary plastic
normally be lightweight blockwork and the cavity will normally be insulated. cavity closer.

In recent years the use of extruded plastic
has become a common alternative for closing
the cavity. The plastic cavity closer will have
an insulation infill. Special plastic ties are built
into the internal and external leaves. Using this
method precludes the need for cutting the
blocks and does not require a separate vertical
DPC. Renewing the windows in later years may
be a more complex exercise.

Another alternative to these plastic cavity
closers are window sub-frames, which act as a
cavity closer and also provide an airtight means
of fixing windows in place (see Chapter 15 for
further details).

Proprietary cavity closers are quick and easy to install. The
windows are secured to the closer and are usually fixed when
the brickwork is complete (see Chapter 15 for further details).
Note the insulation has not yet been added to the closer.
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The window sill

Until the 1980s, it was not common practice to close the cavity at the sill if standard windows
were used because the window board covered the cavity. Where tiling, which needs
continuous support, was used in place of the window board, the cavity could be closed as
shown in the drawing. In modern construction, a horizontal DPC protects the underside of
the timber sill and prevents any water from running under the sill and penetrating the cavity
insulation.

DPC / Cavity closed
I:I to support

tiling.

JEE

In the 1960s and 1970s it was common In kitchens and bathrooms it was normal
practice to bed the sill on the external leaf to provide tiling on the inner sill. The cavity
and leave the cavity open. The window board had to be closed to provide adequate support.
hid the gap. Closing the cavity requires a DPC to separate

the two leaves.

)7

[ ]
-

In modern construction cavities are

usually insulated. A DPC under the Some windows are designed for use
sill may be required under timber windows with separate sub-sills - in this case
or where sub-sills are jointed. tiling.

Note: The details above show timber window frames but the principles are the same as for
plastic windows and these are discussed further in Chapter 15.

Cold bridging

In modern, highly insulated cavity walls the risk of cold bridging has become more likely.
Part of the head, jamb or sill, just behind the frame, can be relatively cold. If warm moist air
comes into contact with these cold areas, condensation can occur. The Building Regulations
recommend that the insulation of a building should be continuous, and that reasonable
provision should be made to prevent cold bridging (and the associated condensation and
mould). The drawing opposite shows two typical scenarios. The arrows indicate the path of
greatest heat loss.
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At sill

)

J/EN

At jamb

Shows potential
cold bridge

There are a number of options to reduce this risk. In the first example, insulation board, fixed
behind the plaster, maintains a high inner surface temperature.

The cold bridge can be eliminated by insulating the soffit of the lintel (A), the jamb (B)
and the cavity just below the window board (C).

B

| dviYiyAYdvivis

Use insulated DPC
or insulated plastic cavity closer

In the second example (below) the frame is fixed deeper into the reveal and covers the cold
bridge. This second approach requires wider sills, or the use of sub-sills to ensure that the drip
is clear of the brickwork. Sub-sills can be formed from stone, concrete, timber, slating and tiling.
Other examples of sub-sills are shown in Chapter 15.

B

The detail can be improved further by protecting part of the frame with the outer leaf
of brickwork — known as a ‘check reveal’ The Building Regulations recommend this form of
construction to be used wherever exposure to driving rain is severe.

In Scotland check reveals have been used for years.
In this form of construction the brickwork overlaps
the frame by about 25mm or so. It provides good
: weather protection and prevents cold bridging. In
the Building Regulations 2010 (England and Wales)
/s this form of construction is required wherever
exposure to driving rain is severe. This includes a large
part of the west of the country.
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Good modern practice

This is an example of a modern window opening (this
particular one has pre-formed cavity closers) which
conforms to widely accepted good practice. The
mastic seals help prevent air leakage. Some
authorities suggest that the gap behind the frame
should be filled with an expanding foam to further
limit leakage. This example is not suitable for very
severe exposure.

Note that there are several other ways of providing
an acceptable detail.

Plan

7
AN

Solid walls

This chapter has concentrated on cavity walls because, at least in England and Wales, this is the
most popular approach to the construction of external walls. It is, however, perfectly possible to
construct solid external walls that comply with design and statutory criteria — including thermal
insulation standards, airtightness, fire resistance and resistance to moisture penetration.

Thermal
insulation
Plaster
Exterior Interior
Exterior Interior
Render Plaster
Note: a vapour control layer will
be needed between the plaster
and the insulation on an internally
Thermal Blockwork Render Blockwork insulated wall. (See chapter 16)
insulation

A solid wall might, for example, be
constructed of a 215mm aircrete concrete
block, with render on its external face and
internal insulation of about 55mm thickness
(depending on the thermal qualities of the
insulation material). Alternatively, a 215mm
block could be used with external insulation
of about 75mm (again, depending on the
thermal qualities of the insulation material)
and protected with a render.

A solid wall has several potential

advantages over a cavity wall, including Solid block external wall under construction.
Photograph courtesy of H+H UK Ltd.
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avoiding those details and processes which are necessary to form a cavity, as described above. In
addition, a solid wall with external insulation could act as an effective thermal store.

Party walls

Party walls must provide good fire protection, thermal insulation, airtightness and adequate
resistance to the passage of airborne sound (there are no requirements for impact sound
performance in the Building Regulations). Party walls must also achieve a minimum U-value of
0.20. In older houses, one-brick solid walls are common. In modern houses, the most common
method of construction is blockwork. Standard dense blocks, laid flat, are suitable. Some aerated
blocks are also acceptable.

Dense concrete blocks laid flat can also provide a good party wall. They can be bonded in
to the internal leaf of the cavity wall or connected by ties. As in the above example, a flexible
cavity stop is required in the external cavity.

Cavity construction can be used but a solid wall is generally cheaper to lay. Fully filled
mortar joints are essential if the party wall is to fulfil its function. Joists should be supported on
hangers and should not be built into the wall (although this would have been standard practice
historically). Plasterboard can be used on party walls but it may require an undercoat of wet
plaster (usually 6-8mm thick) to seal any gaps in the wall.

In modern construction, party walls are subject to testing to ensure they meet minimum
requirements of sound insulation. An alternative to testing is a system known as Robust
Details. This is a certification scheme which applies to party walls (and floors between separate
dwellings). Robust Details show a number of forms of construction which exceed the standards
required in the Building Regulations. If Robust Details are adopted, testing is not required. One of
the forms of construction from Robust Details is shown below.

Flexible cavity stop — not required
where cavities are filled with quilt
insulation.

Two leaves of 100mm dense concrete blocks
with 5omm cavity, plastered both sides
with 13mm plaster.

Butterfly-type ties are preferable in party walls
to help minimise sound transmission.
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Thermal movement

Over the course of an average year, an external wall will suffer extremes of heat and cold. As the
wall heats up it will expand, and as it cools it will shrink. Expansion and contraction also occur
due to changes in moisture content. In addition, new clay brickwork will expand slightly for
several months as it slowly absorbs moisture from the air until equilibrium is reached. Calcium
silicate and concrete bricks will shrink slightly (like all cement or hydraulic-lime based materials).
Allowance for this movement must be made at the design stage, otherwise cracking will occur.
In long terraces of houses, particularly those built with a strong cement mortar, cracking caused
by thermal and moisture movement is a common problem. Even in semi-detached houses the
expansion may be enough to cause the ends of the houses to oversail the substructure (the DPC
provides a slip layer).

To prevent expansion and contraction from causing damage, in the form of cracking, it is usual
to divide long runs of brickwork or blockwork into shorter panels and provide movement joints.
Terraces of houses, wide gable walls and long garden walls should contain these joints at regular
intervals; typically every 12m for clay brick external leaves and ém for freestanding garden walls.

Movement joint (vertical line between two red doors) on a Detail of movement joint to gable wall shown below.
terrace of modern houses. Note the joint stops at DPC level.

(left and right above) The vertical line stretching from the
ridge downwards in this gable wall is a movement joint.
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The joints only occur in the outside skin of cavity walls. Joints are rarely necessary in the
internal skin as long runs of walling are broken up by party and partition walls, and temperature
tends to be fairly even.

In cavity walls, the joint is normally formed by providing a gap of adequate width (between
15 and 25mm) and filling it with a compressible filler, faced with a flexible waterproof sealant as
shown in the (plan) diagram below.

Movement joints

Dotted line shows

Internal leaf of blockwork alternative tie position

Pipe hides movement joint

Down pipe - not fixed across joint

Parapet walls
Parapet walls were common in the Georgian and some parts of the Victorian era. Although
they are not particularly popular in modern houses they can sometimes be found — notably in

buildings that are a pastiche of Georgian design and in conjunction with particular elements,
such as balconies.

(above and right) Georgian houses with parapet walls.

Parapet wall in a Victorian building.
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Where parapets are used in modern
housing their detailing needs careful attention,
particularly because, by their very nature, they
are exposed on both sides to the elements
and so, for example, frost-resistant bricks
with low salt content should be used in their
construction.

At the top of the parapet wall it is good
practice to provide a weathered coping. The
coping can be once or twice weathered — in
other words it can slope in one direction as
shown in the image below (left) or in both
directions. A once-weathered coping normally directs the water onto the roof to avoid water
running down the external face. The coping stone should overhang the wall on either side and
will incorporate small drips (a throat) to prevent water running back under the coping. A full-
width DPC should be bedded in mortar to prevent water penetrating the coping through the
coping joints. The DPC should be laid on a rigid support to prevent it sagging into the cavity and
allowing water to pond, where it may freeze and expand in cold weather.

Parapet wall to the balcony of a new house.

Modified standard
brick-on-edge
double cant
capping.

PC concrete
coping.

DPC bedded on
fresh mortar.

<— DPC bedded

on fresh

Rigid support. mortar

Clean mortar
I droppings from IS
S
S tray. 5 Weepholes

wn

- Weepholes at - at min. of
c . :
£ min. of é 1 metre centres.

1metre centres.

Carry insulation 1 FaVlry .
up to underside ln;l:oatlon
i u
of cavity tray.
e underside
of cavity
tray.

If the inner leaf of brickwork becomes saturated, or if water penetrates the wall through the
joints, then there is a possibility that water will run down the inner face of the inner leaf and
enter the building. To prevent this, a cavity tray should be used in the manner shown in the
diagram above.

Thin joint system

This is a relatively recent approach to the construction of brick and block walls which uses
proprietary, thin joint, pre-mixed, mortars in place of a traditional mortar mix. The thin joint
mortar is applied by an applicator rather than a trowel. The applicators are designed to deposit
a controlled quantity of mortar onto the block (or brick) in order to produce a joint of about
2-3mm. Thin joint mortars are quick setting, which allows for faster construction, particularly
when used with the larger sized lightweight blockwork that is another feature of this system.
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The use of thinner joints provides, theoretically at least, for a more airtight construction and the
thinner joints will improve the U-value of the wall. Thin joint systems are one of the approaches
that are categorised as being a ‘modern method of construction’ (MMC).

(left and above) Blockwork wall under construction using a
thin joint system. Photographs courtesy of H+H UK Ltd.

The thin joint is formed using special tools (in this example a
scoop’) to apply the mortar. Photograph courtesy of H+H UK Ltd.

Where a thin joint system is being used for the blockwork inner skin of a cavity wall with a
brick exterior, the horizontal joint of the blockwork will not coincide with the horizontal joint of
the brickwork because of the larger sized blocks used in thin joint systems. This means that the
cavity wall ties will be fixed in a different manner from the ‘normal’ method — in thin joint systems
the wall ties are mechanically fixed either by being driven into the blockwork (e.g. with a helical
type tie) or with expanding nylon anchors and then placed, as usual, in the horizontal mortar

joint of the brickwork.

The two images above show wall ties being mechanically fixed into the thin-joint blockwork in line
with the bed joint of the exterior skin of brick. Photographs courtesy of H+H UK Ltd.
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Where both the outer and inner leaf are
built using the thin joint system (and therefore

the horizontal joints coincide), special thin joint

ties can be used (see image right). However,

some manufacturers suggest that mechanically

fixing a helical tie through both leaves is a
preferable option.

In order to boost the strength of thin joint
mortars, reinforcement mesh, usually made of
nylon or stainless steel, is used to reduce the

risk of cracking caused by loading and thermal/

moisture movement.

Manufacturers of thin joint systems will give

guidance on where bed joint reinforcement is
required but, as an example, one manufacturer
recommends that it is used in every other
course as a minimum.

In most thin joint systems the first
blockwork course above the joint that includes
the DPC will be laid in a traditional mortar with
a joint of normal thickness (i.e. 10-12mm). This
is usually referred to as the ‘base course’ The
main purpose of the base course is to enable
any discrepancies in the substructure to be
evened out in order to provide a horizontally
level structure from which to begin the thin
joint blockwork.

Photograph courtesy of H+H UK Ltd.

Photograph courtesy of H+H UK Ltd.

This image shows reinforcement mesh in the horizontal joint
of the blockwork. Photograph courtesy of H+H UK Ltd.

The two images above show the first course of a thin joint
block being laid on a mortar of traditional thickness in order
to ensure a level base for subsequent courses. Photographs
courtesy of H+H UK Ltd.



Ground floors

Introduction

The function of a ground floor is to provide a level, smooth and dry surface which will safely
support the loads of both the people and furniture which rest upon it. It is also required to

provide a degree of thermal insulation.

To do this successfully the ground floor must have the following properties:

« strength and stability
e resistance to damp penetration
e durability.

This chapter explains the evolution of ground floor technology and details the associated materials.

Timber floors
Early timber floors

The majority of houses built from the latter part

of the nineteenth century until the mid-twentieth
century had ground floors constructed from
timber. Exceptions to this would be basement
rooms, where damp could damage the timber,

and rooms which were likely to be wet due to
their function, e.g. kitchens and sculleries. For more
information on timber see Chapter 13.

Timber ground floors — often referred to as  party wall
suspended timber floors — consist of a series of
joists supported by loadbearing walls and covered
with floorboards. The size of a joist depends largely
on its span; as its length or span increases, so
must its depth in order to safely support the load
imposed upon it. Deep joists are expensive and
to reduce joist size intermediate supports known
as sleeper walls are introduced. These are shallow
masonry walls built directly onto the ground or on
small foundations. In practice, ground floor joists
are significantly less deep than those used in upper
floors, where such intermediate support is not
possible because of the habitable rooms beneath.

Scullery often had a solid
floor (with clay or stone slabs)
in case of spillage. It was
usually 1750mm or so lower
than the main floors.

Party wall
Sleeper
wall
The use of sleeper walls allows
joists of fairly modest size.
100 x 50mm are commonly
encountered.
| I
%] T Joists can be found running
| I front to back or side to side.
y 4
—p il
| [T
gzng[ Floor is not
built into
chimney breast.
| [T
Front wall

89
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The plan (previous page) shows the ground floor layout of a typical late-Victorian terraced
house. The joists run from side to side (front to back is another option) and are supported on the
party walls, internal loadbearing partitions and intermediate sleeper walls. The joists are usually at
350-400mm centres — this offers the most economic arrangement.

Joist built into solid

external wall. Square edged boards
nailed with cut floor
brads.
I J[ || J[ ]
Yents were cast Vent to allow
iron or brick. air into void.

-

Earth surface sometimes
lower than external ground
level - ponding can occur.

In practice, such floors can often give rise to maintenance problems due to poor design and
varying standards of workmanship. The following should be read with reference to the drawing
above, which shows part of the floor in detail.

e Itwas formerly common to build the joists into the external wall to provide end support. This
practice carries the danger that moisture from rising or penetrating damp can penetrate the end
of the joists, causing rot. Some properties have slightly thicker walls below floor level and this gives
improved protection against penetrating damp.

e Until the turn of the twentieth century damp proof courses were rare. Consequently, rising
damp can attack not only the joist ends, but also the middle of the joists where they sit on the
intermediate sleeper walls.

«  The level of the earth or rubble infill under the floor was often below external ground level and in
wet conditions, or areas with high water tables, the underfloor space was often permanently damp.

e [tisimportant to provide ventilation to these floors in order to try to keep the underfloor space
dry. In the past this was usually achieved by a series of cast iron or terracotta vents positioned just
below floor level. Over the years the vents can become blocked, either through changes in external
ground level or just general accumulation of debris. The reduced ventilation can lead to excessive
levels of damp, which ultimately can cause outbreaks of rot.
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e The sleeper walls could also impede
ventilation through the floor, although
in better quality construction these
walls are fitted with vents or built as
honeycombed walls.

e Due to the limitations of woodworking
machinery, square-edged boards were
common until the mid-twentieth
century. Over time the boards would
shrink slightly as their moisture content
stabilised, resulting in small gaps
appearing between the boards and
draughts in the downstairs rooms.

In a honeycombed sleeper wall there are a series of gaps
to allow cross-ventilation.

During the early part of the twentieth century the construction of raised timber floors improved.
The drawing below shows a typical example of good-quality construction typical of the 1930s to
1950s. The defects mentioned previously are less likely to occur.

. . Square-edged boards were
Joists with a splayed cut, common until the 1950s
do not touch external wall

L JC

1 1L 1L O =]

Vent to allow
air into void

Vi

Ground level below
concrete slab

In particular note that:

« theentire floor is separated from the
substructure by the DPCs

« the bare earth is covered with a concrete slab
(often referred to as oversite’) which is at, or
above, external ground level to prevent the
build-up of water

« thefloor joists are usually supported by
honeycombed sleeper walls, enabling cross-
ventilation; additionally, the joists do not
touch the external wall

» vents are provided, clear of ground level, and
sleeved to prevent cold air entering the cavity.

Half-brick
sleeper wall

ZI —__ Timber wall-plate

- on DPC
>8>

Concrete slab laid
on hardcore

The floor was built in about 1960. The sleeper wall is roughly
honeycombed and, although there is no wall-plate beneath

the joists, there is a course of dense engineering bricks acting
as a DPC.
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Modern timber floors

In modern construction timber floors are very rare, but where they are constructed they must

conform to some specific aspects of the Building Regulations, for example:

«  The ground surface should be above the level of the surrounding ground or, on sloping sites, laid
to a fall with sub-soil drainage and covered with either at least 100mm of concrete laid on an inert
base of hardcore or a minimum of 50mm of concrete or fine aggregate laid on a blinded sealed
300um DPM.

«  There should be a minimum gap of at least 75mm above the top of the sub-soil blinding to the
bottom of any wall-plates and 150mm to the underside of any joists.

«  Ventilation should be provided throughout the underfloor void and through any sleeper walls with
a minimum cross-vent hole size of 100mm, to a minimum level of 1,500mm2 per m2 or 500mm2
per m2 of floor area, whichever is the greater. In practice this means that 225 x 75mm proprietary
plastic air bricks, installed at 3—4m centres in opposing faces of the floor void will meet the
requirements for effective ventilation.

«  The floor must be provided with adequate levels of insulation, typically fixed or suspended between
the joists to prevent heat loss and sealed to prevent air leakage.

« Incertain areas of the country some sites may need bases provided with sealed DPMs, linked to
sealed DPCs to provide protection and stop natural gases that are harmful to health, such as
radon, methane or brownfield site gases, or other vapours entering the building.

Due to the airtightness, acoustic and sometimes structural requirements of the Building

Regulations, joist ends in the walls are now usually supported by joist hangers rather than being

built into sleeper or external walls. Details of joist hangers can be found in Chapter 6.

Floor finish

The majority of houses built before the 1930s had square-edged floorboards. They could be

of various sizes but are generally 150-175mm wide and 18-25mm (finished thickness). The

boards were fixed with special nails called brads, which helped to prevent them from working

loose with age, and the boards were usually laid with staggered joints as shown in the diagram

below. Obviously these joints must occur over joists. From the 1930s onwards wider use of

more sophisticated woodworking machinery facilitated the production of tongued and grooved

boards, which have distinct advantages over their square-edged counterparts:

= point loads from heavy furniture are spread across other boards, thereby allowing reduced board
size

« thereis less chance of the boards warping and the close-fitting joints form a reasonably smooth
surface on which to lay a variety of finishes (one disadvantage is that the boards are difficult to lift
for access to the services)

«  they provide better smoke and fire resistance.

Both types of board are made from fast-growing coniferous trees (known as softwoods), although

solid hardwoods, such as oak, may be found in more prestigious developments.

In modern construction, both tongued and grooved floorboards and square-edged boards
have largely been superseded by chipboard, which consists of small wood chips bonded with
synthetic resin and then compressed to form large sheets. The boards are typically 2,400 x 600 x
18mm thick and are available with tongued and grooved edges all round. A sheet of chipboard is
four to five times the width of a typical solid timber floorboard. They have good wear resistance
and should be maintenance free as long as they do not remain wet for long periods. Their
popularity lies in their cost advantage over solid timber. To ensure that the requirements of the
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Building Regulations are met, floor boarding that will not be damaged by spilt water or moisture
in rooms such as kitchens, utility rooms, bathrooms and WCs should be used. This could be either
a proprietary moisture-resistant type or a minimum of 20mm thick natural timber floor boarding.
Even these materials cannot withstand long-term water saturation.

Laminated flooring has become popular in recent years. Products range from thick veneers of
expensive timbers (‘engineered timber’), laminated onto moisture-resistant man-made board, to
plastic-based timber-lookalike materials. All laminate floors are tongued and grooved on all edges
and they are generally designed to provide a floating floor (see below) on top of a solid concrete
floor, although some are designed to be fixed directly to timber joists and some to be applied to
a chipboard floor.

Tongued and grooved boards

Splayed rebate for ‘secret’ nailing.

Boards laid with staggered joints and Cut flooring brad
only joined over joists.

Thermal insulation

Although a suspended timber floor may feel warm to the touch, it does permit considerable

heat loss due to the flow of air underneath the joists. Since the mid-1990s, it has been a
requirement that all new ground floors contain insulation and, by containing a reasonable
amount of insulation and sub-floor ventilation, the floor will also achieve the Building Regulations
requirement that it be free from condensation and mould growth. Some simple insulating
methods are shown in the diagram below. A more detailed examination of insulation, and the
associated risks, is contained in Chapter 16.

Sealant behind and under the
/ skirting to minimise air leaks.

Quilt supported

/— onnetting
/
| 4

Rigid foam supported on battens
or with proprietary insulation clips
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Concrete ground bearing floors

After the Second World War, new forms of construction were developed. This was mainly due to
a shortage of materials, particularly timber, which had to be imported, as well as a shortage of
skilled labour. Although some pre-war examples do exist, concrete ground bearing floors were
predominantly developed as a response to these shortages.

Essentially, they are comprised of a bed of concrete which is supported by the ground directly
beneath it. They abut, but are not tied into, the external walls in order to accommodate slight
differential settlement between the wall and floor. Because of the relatively low superimposed
loads of furniture and occupants, they are suitable for many types of ground and, between
the 1960s and the 1990s they were the most common type of ground floor. In contemporary
construction this type of floor is becoming increasingly rare. Nevertheless, there are millions of
houses built using this type of ground floor. Nowadays pre-cast suspended concrete floors are the
predominant ground floor construction method. These are covered in a later section.

The following drawing explains the function of each element. Early floors were not insulated
and did not always include a damp proof membrane.

A ground-bearing slab is not supported by the It can difficult to produce a smooth surface on
external walls thus allowing minor differential the concrete slab and it was usual to provide some
movement of the two elements. form of non-structural finish. The most common
finish, in the past was a sand/cement screed.
Nowadays power floating of the slab is common
(see page 102)

DPCin wall

Since 1965 (1st edition of Building
Regulations) it has been a
requirement to incorporate a damp
proof membrane. Its purpose is to
resist capillary action - not to deal
with direct water pressure from high
water tables. There are a variety of
materials suitable and they can be
found above or below the slab.

Foundation depth to
suit local conditions.

Nowadays floors are always
insulated. The insulation,
depending on its nature, can

Ahard fill mak levels and repl
ardcore fill makes up levels and replaces be above or below the slab.

unsuitable material.

Construction sequence

It is first necessary to remove all topsoil and vegetable matter from the site. Topsoil is easily
compressed and, if laid on such a surface, the floor slab would undoubtedly settle.

Once the foundations are in position and the loadbearing walls are built to DPC level, this
type of floor construction can commence. To prevent loose earth from contaminating the wet
concrete and to both provide a suitable base for the slab and to spread its load evenly, a layer
of hardcore at least 150mm thick is spread over the ground. Hardcore is usually obtained from a
quarry and consists of graded stone, i.e. it contains a wide range of particle sizes so that it can be
firmly compacted. Compaction is usually assisted by a small vibrating plate or roller.

If the hardcore is deep, because some of the original subsoil is unsuitable and requires
excavation, or because the site is on a slope, it is important to compact the hardcore in layers
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(about 200mm thick). Failure to do this will
almost certainly lead to problems in the future
as the hardcore consolidates. In situations
where the hardcore is likely to be over
500-600mm deep, a suspended concrete
floor would usually be specified. There are
other reasons why these have become more
commonly specified and these are explained
later in the chapter.
There are alternatives to quarry-based
hardcores, these have included broken bricks,
builder’s rubble and colliery shale. The use The hardcore is compacted by a vibrating plate or roller. The
of such materials has, on occasion, caused a top of the hardcore is kept below the substructure blockwork
number of defects due to chemical reaction
and expansion between materials. More recently,
a number of recycled materials, such as crushed
concrete, have proven to be suitable substitutes
for traditional hardcores.

so that the slab can be cast inside the walls.

Damp proof membrane (DPM)

Although concrete is a dense material, it is not completely impervious to water and it is therefore
important to provide a barrier against rising damp. This barrier can be either above or below the
concrete slab and can be formed from a variety of materials.

Insulation not shown DPC in internal leaf

laid over the DPM

—

Polythene DPM should have
Polythene DPM should be laid welted or taped joints.
on 25mm sand or stone dust blinding
which is laid on top of hardcore

Insulation not shown

The DPM should lap the DPC to avoid
moisture tracking up between them

The DPM can be laid above the slab.
A variety of materials are suitable.

DPMs can be applied as hot applied asphalt or as a three-coat coating painted on top
of the concrete slab. However, the cheapest and most common method of protection is to



96

Chapter 5: Ground floors

use a barrier or DPM made from polythene (at least 0.3mm thick). The polythene is laid over
the hardcore before the slab is cast and, if correctly laid, should ensure that the floor slab
remains dry throughout its life. There is a danger that sharp stones in the hardcore can tear
the polythene and it should therefore be protected by a layer of blinding. Sand or stone dust
are suitable materials for blinding and a thin (25mm) layer is spread over the hardcore before a
polythene DPM is positioned. As the diagram on the previous page shows, the DPM must lap
the DPC running along the walls to ensure that the whole superstructure is isolated from the
substructure. In order to achieve the Building Regulations requirements to protect the building
or the occupants against gases such as radon in certain locations, any joints within DPC or DPM
or between them should be sealed with gas-proof tape. In addition to this, the cavity should
also be sealed across DPCs and cavity trays to ensure that the substructure is gas-proof and that
moisture from the walls in the cavity cannot pass back into the building.

Once the DPM is in position the concrete slab, which is normally 100-125mm thick, can
be poured. The concrete is usually brought into the site ready mixed and, although this is not
a requirement, this procedure should ensure that the concrete is of the correct quality and
strength as set out in the Building Regulations guidance.

If the ground below the slab contains any localised soil When the slab has been cast it is tamped with a straight
weaknesses, the concrete can be reinforced with a layer of edge to level it and remove surplus air and water. Mechanical
steel mesh. powered tamps are also available.

Protection

Once poured, the concrete will set in a few hours and achieve its full strength after a few weeks.
In adverse weather conditions it is important to protect the concrete to ensure it reaches its
designed strength. In hot weather it can be temporarily protected with a sheet of polythene to
prevent excessive evaporation of the water, which would reduce the strength of the concrete
and cause subsequent cracking of the slab. In cold weather it can be protected with hessian or
sand to prevent it from freezing. If the temperature is very low, concreting should be delayed
until the weather improves.

Floor screeds

In the past it was common to lay a concrete screed onto the concrete slab towards the
completion of the building, prior to hanging the doors and fixing the skirtings. The function
of the floor screed was to provide a smooth finish suitable for carpets, tiling or other finishes.
Screeds are a mixture of cement and coarse sand (typically one part cement to three or four



Chapter 5: Ground floors

97

parts sharp sand) mixed with the minimum
amount of water. Excess water can weaken the
screed and delay the subsequent moisture-
sensitive operations, such as laying of floor
tiles. Screed applied directly onto the concrete
slab is laid to a thickness of 38-50mm. It is
possible to lay the DPM (as a polythene sheet
or as a wet-applied bituminous paint or a

hot-applied asphalt) onto the slab itself. In Laying a floor screed is a skilled operation. The cement/sharp

this case, because the screed does not bond sand mix should be laid fairly dry if subsequent shrinkage

directly to the slab, it must be thicker to avoid is to be avoided. It is levelled with a straight edge and then

cracking and should be a minimum of 65mm. trowelled. It should be smooth enough to take carpets or
vinyl tiles.

A screed applied to an non-compressible
insulation layer (i.e. polystyrene or other
foamed board), which itself has been applied on top of the concrete slab, must be thicker still, i.e.
up to 75mm and often reinforced too.

Thermoplastic tiles were commonly applied to finished screeds between the 1950s and
1970s. More recently, fitted carpets, vinyl sheet and traditional linoleum were applied to screeded
floors.

Thermal insulation

Until the 1980s, ground floor insulation was comparatively rare but now it is a requirement of the
Building Regulations. Chapter 16 examines the legislation and energy efficiency requirements in
more detail; this next section concentrates on the technical options.

For ground bearing concrete floors typical insulation materials are rigid foamed sheets of
varying thickness. The decision on whether to place the insulation boards above or below the
slab is generally a matter of design preference. Theoretically, an intermittently heated room is
best served by insulation above the slab as, once the heating is switched on, the floor finish will
warm up fairly quickly thus preventing any condensation.

Insulation above the slab - screed finish

Floating screed min. 75mm thick
A separating layer may be required. The upstand of insulation
avoids potential cold bridging at the edge of the screed.

Insulation board - 25 to 100omm thick

DPM laid on blinding

DPM above the slab

Insulation board
laid over DPM

DPM below the slab
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In the two examples on the previous page, the internal leaf is constructed with aerated blocks.
If dense concrete blocks are used, the insulation should also protect the edge of the slab to
prevent cold bridging. This phenomenon is explained in more detail in Chapter 16 on insulation.

The examples below show insulation boards below the slab. Where boards are of closed cell
structure they can be laid under the DPM and the blinding referred to earlier is not necessary.
The saving on the blinding more than offsets the extra cost of the insulation.

Insulation below the slab - screed finish

l_ Bonded screed 38-40mm thick (approx.)

—

If insulation is not

moisture resistant . .
it must be laid on a DPM. DPM above the insulation

Blinding required
under DPM.
Hardcore If insulation is moisture
resistant it can be laid
below the DPM.

(0

Wi

DPM below the insulation :

1)

In this case
blinding may not
be required.

A SESEBEEELS

Hardcore

Floating floors

All the previous examples showed a sand/cement screed. This can take several weeks to dry —
longer if the membrane is below the slab - causing substantial delays for subsequent moisture-
sensitive operations. A floating floor provides a dry alternative method of construction. These are
commonly formed using chipboard (or other particle board). The tongued and grooved sheets,
with the joints glued together, are laid on insulation boards and provide a surface which can be
tiled or carpeted. However, as moisture from a drying floor slab can damage chipboard, it needs
the protection of an additional vapour control layer if the DPM is laid below the slab.

10omm gap to allow for
future expansion.

B 18mm flooring grade chipboard
; laid on vapour control layer.

--------- Vapour control layer prevents moisture

LEBEB86E8Y in the slab affecting the chipboard.

Vapour control layer not required
if DPM is over slab.

DPM below the slab

Hardcore

Hardcore

S

DPMs vary in quality. A liquid DPM probably offers
the best protection for the chipboard but it must
be compatible with the insulation.
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In kitchens or bathrooms, moisture-resistant chipboard should be used. This is not
impervious to water but is less likely to be affected by occasional spillages.

A number of solid timber and laminate floor products can also be used to form a floating
floor. These have proven to be very popular but, given the additional moisture-sensitivity of
timber products, care must be taken to ensure that an effective vapour control layer has been
incorporated.

Internal walls, DPC and DPM details

The walls inside a house are of two basic types: loadbearing walls, which divide space, support
part of the upper floors and, perhaps, part of the roof and non-loadbearing walls, which merely
divide space and, as such, impose modest loads on the floor slab. Where internal walls are
supporting part of the structure it is likely that these walls will require their own foundation. In
this situation it is important that the DPM is correctly laid to prevent damp penetration. Where
the internal loadbearing wall is only carrying small loads the Building Control Body may permit
thickenings in the slab. Both scenarios are illustrated in the diagrams below.

In both cases DPCs are required under the walls because polythene DPMs are not always
completely vapour proof.

In the right-hand example, the DPC also stops moisture rising up the wall as the slab dries
out. Leaving out the DPC can cause minor expansion of the blocks and may affect any finishes.

Polythene DPM runs up,
/_ and across, internal wall.
| — DPC

—

Thickening in slab
Hardcore —>»
Internal loadbearing wall
on foundation.

Suspended concrete ground floors

Given the relative complexity of ground bearing concrete floors, the time needed for such

construction to dry out, the risk adversity of developers and the increasing use of sites

with variable and weak soil conditions, their use in new construction has become increasingly

rare.

Suspended concrete ground floors now predominate in new house construction in the UK.

In the past they were used in specific conditions where the use of a ground bearing concrete

floor was not technically suitable. In the following specific technical situations it is preferable to

use a suspended concrete floor:

« the nature of the sub-soil may result in unstable ground, e.qg. shrinkable clay. As mentioned in
Chapter 3, ground such as this will require deep strip foundations or piles. If ground bearing slabs
are used, problems of ground heave or settlement are likely

« alarge volume of top soil or soft unsuitable ground has to be excavated and backfilled with
hardcore. This is not only expensive but risky as future consolidation could cause settlement
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e asloping site may result in excessive and
uneven depth of hardcore (right)

« the water table is high (DPMs are designed
to resist capillary action, not direct water
pressure)

« aggressive chemicals are present in the
ground which may attack the hardcore or
concrete slab

« therisk of ground gases entering into the
building must be avoided by the provision of
a ventilated floor void.
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If the hardcore depth varies =
differential settlement may occur.

|

I
|
|

If the fill is over 600omm deep
compaction will be difficult.

Developers are also selecting the suspended solution as standard because of the improved
short- and long-term certainty, as the floors are not reliant on stable ground conditions to the
same extent as ground bearing floors. In a similar way to the older suspended timber floors, it is
the foundations and loadbearing walls and not the ground under the floor area that provide the
support for the ground floor. Should any settlement or heave of the ground beneath the floor
occur, suspended concrete ground floors should not be affected.

Pre-cast concrete T-beams are suspended in the loadbearing
walls. The spacing relates to the width of concrete blocks,

i.e. 440mm. The depth is reliant on span and the beams are
individually manufactured according to the specific span
required. The T-beams are now nearly universal in new
construction and, as in this case, are increasingly used in
extensions too.

The suspended concrete floors are prefabricated in a factory and brought onto the site for
assembly. Several manufacturers produce floors of this type and they are both easy and quick to
assemble. The floors are usually made from a series of inverted T-beams, 150-200mm thick. The
actual depth is dependent on the span and the beams are designed and manufactured to span
specific distances without the need for intermediate sleeper walls.

Generally, the beams are spaced so that the infill between them is made up of a standard
concrete block, i.e. 440mm infill. The use of aerated, rather than dense concrete blocks is
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common. This helps to reduce the amount and overall thickness of thermal insulation which is
required by the Building Regulations to be provided as part of the floor. When the walls are built
to the appropriate level and the DPC is positioned, the beams can be manhandled or craned into
place, the concrete blocks are then positioned in between the beams.

When the beams and blocks are in position a damp cement and sand grout is brushed
over the surface, filling the gaps between them. The grout helps to distribute loads across the
floor, and prevents any future movement or ‘rocking’ of the blocks, it also keeps out insects and
vermin and contributes to airtightness. The floor is then ready to receive the floor finish, which is
normally laid towards the completion of the building.

If the air space under the floor is well
vented and the ground is effectively drained
there is no need for a DPM or concrete oversite,
unless required for gas or vapour protection
by the Building Regulations. The ground
below the floor should, of course, be free of
all organic material. Modern pre-cast floors are
ventilated in much the same way as the timber
floor described earlier.

The floor is strong enough to support
non-loadbearing partitions, although any walls

carrying loads from the upper floors or roof The pre-stressed floor beams sit inside the ground beams

will usually require a foundation in the normal (see Chapter 3). Concrete blocks, in this case aerated blocks,

way are then placed between the floor beams. When all the blocks
' are in position, any small gaps are filled with grout.

Floor finish

Different manufacturers recommend a number of finishes. The most popular is a floating
chipboard floor, but a screed is also possible; both are laid on insulation boards. Chipboard floors
should be laid on a polythene membrane to protect them from any moisture trapped in the
concrete beams. Garage floors should be finished with a reinforced screed. Both these finishes
have been explained earlier in the chapter.

The floor finish on this site comprises 18mm tongued and grooved chipboard
laid on 50mm slabs of polystyrene. A polythene vapour control layer, laid over the
insulation, prevents trapped construction water in the floor structure affecting
the chipboard. (top right) Joins in the polythene vapour control layer are taped
to maintain its integrity. (left) The chipboard is laid with staggered joints and the
tongued and grooved edges are glued. A 10mm gap around the perimeter of the
room allows for future expansion of the chipboard. Failure to leave the gap may
result in the chipboard lifting or bowing in humid conditions.
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Composite suspended concrete floors

These floors are similar to the one shown on the previous page in that they both are based on pre-
cast beams. Composite floors are partly pre-cast and partly cast in situ. They use the prefabricated
inverted T-beams. However, the infill blocks are no longer standard concrete blocks but are specially
profiled dense polystyrene blocks. These are easier to handle, quick to lay, they extend around the
underside of the pre-cast concrete beams and provide a high level of thermal insulation.

Pre-cast concrete T-beams are now also being used with
high-density profiled polystyrene blocks. The fact that these
insulating blocks wrap around the underside of the T-beam
reduces the incidence of cold bridging. The other advantages
are that the structural concrete topping that is laid on top
provides an insulated thermal mass within the building, which
enables a more efficient, smoother heating cycle. Additionally,
the thickness of the floor is reduced when compared to other
similarly insulated options.

In order to provide a suitable structural surface, a poured concrete structural topping, about
75mm thick, is applied across the entire surface of the floor. This can be finished with a screed, with
chipboard on insulation, or it can be power-floated, a relatively recent mechanical process which
compacts and smoothes the poured concrete. It provides a similar finish to a screed, but without the
need for a subsequent operation. Power floating must be carried out before the concrete hardens
fully and, once complete, will require protection from the construction stages that follow. The poured
concrete for these composite floors is commonly reinforced with a light steel mesh or glass fibre.

(top left) The polystyrene blocks all in place. Note that the
periscope ventilation is also in place — these floors require
ventilation — not for dampness, but in order to avoid a potential
build-up of gas (i.e. piped natural gas for heating).

(top right) The process of power floating has ended the
requirement for a screed finish on top of the structural concrete.
(left) The power floated slab does, however, require protection
from subsequent site processes and is covered in sand.
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Radon gas

Radon is a naturally occurring gas. It is radioactive and has been identified as a cause of lung
cancer. Until recently, Cornwall was believed to be the geographical area most affected, as
granite rock strata are a significant source of radon. However, radon gas has also been detected
in some limestones and therefore a number of so-called 'hotspots, where specific protection
measures are needed, have been identified across the UK.

Radon seeps into a building mainly through gaps, junctions or joints in the substructure or
floor structure. In certain areas of the country, which can be identified in the Building Research
Establishment (BRE) publication BR211 or from the site investigation, it is therefore necessary to
adopt precautionary measures when constructing ground floors, particularly where an underfloor
void is created. The publication recommends that, depending on the radon levels where the

building is located, one of two different levels of protection is provided to a building: either ‘basic’

or 'full’ protection.

The most effective method of dealing with radon gas is to ensure that the ground beneath
the ground floor is sealed with a gas-tight membrane that is linked and sealed to the DPC so
it provides a continuous barrier throughout the building to the outside walls to prevent gas
entering the building. Additionally, in areas of high radon gas concentration, ground floors
should be suspended, typically on the wall inner leaves to prevent settlement and damage to
membranes, and a ventilated sump should be formed under the radon barrier to collect the
gas under the floor and duct it to the external air. This can be either by an active process, i.e. by
means of an electric fan, or as a passive process reliant on natural air convection.

Typical ‘basic protection’is shown in the diagram below, with the DPM and DPC being joined
and the inner wall of the building protected from moisture in the cavity by a cavity tray. The
diagram also shows the typical location and operation of the sump. In addition, the suspension
of the floor slab would be required for ‘full protection’and the number and positioning of sumps
would depend on the area of the floor. In both cases any construction joints in or around the floor,
and to services such as pipes or ducts passing through the floor, would need to be sealed with
gas-proof proprietary tapes, flexible sealants and 'top hat seals'to prevent the entry of radon.

Wind flowing across the top of the

Pipe should be insulated pipe causes negative pressure
in roof void to prevent \ / in the pipe which helps the radon-
condensation and to A laden air rise.

maintain air flow.
Installations can include

mechanical fans to ensure
a fast removal of radon gas.

Cavity tray

Warm air inside the house
heats the pipe causing the
gases to rise.

The cavity tray and DPM
separate the superstructure
and substructure

Sump (void) below floor slab
or concrete oversite.

Further information on radon levels can be obtained from the National Radiological
Protection Board or British Geological Survey (BGS). Advice on suitable construction details can
be obtained from the Building Research Establishment.



Upper floors

Introduction

This chapter explains the principles and practice of the construction of upper floors and also
includes an overview of their historical development.

The primary function of an upper floor is to allow the normal range of household activities
to take place safely, comfortably and effectively. In order to do this, the floor must be able to
support the loads imposed upon it by, among other things, people and furniture.

In order to fulfil its functions in a safe and satisfactory manner there are a number of
technical requirements that a floor must meet:

« itmust be structurally stable and must not suffer excessive deflection when a load is imposed on it

= it should provide restraint for the external walls

« jt should provide suitable fire protection to delay the spread of fire and smoke (note: the level of
fire protection required will depend on the number of storeys and the nature of the building — for
example there is a distinction between flats and houses)

« itshould provide good sound insulation (again, there are different requirements for houses
compared to flats).

Section One: elements of upper floor construction

Timber floors are usually constructed from a series of joists or beams covered with timber
floorboards or, more commonly nowadays, sheets of chipboard. Plywood sheets are suitable
but are rarely used in practice. The size of the joists depends on the expected loading, the
spacing between joists and the required span. Until 2004, joist sizes were included in the
Building Regulations but they now refer the reader to tables (the Eurocode span tables for solid
timber members in floors, ceilings and roofs for dwellings) produced by the Timber Research
and Development Association (TRADA). However, the use of timbers sized by calculation, for
example by a structural engineer, would also be considered acceptable under the Regulations.
The Building Regulations were introduced in 1965 and, prior to this, the size of joists was either
calculated by rule-of-thumb methods or by reference to local by-laws.

As the distance that the joist is required to span increases, so must its depth if it is
safely to support the loads imposed on it. So, for example, under average loading a joist 50mm
wide by 150mm deep will span just over 3m (about the size of a small modern room),
whereas a joist 50mm wide by 200mm deep will span a distance of nearly 4.5m. In calculating
the correct timber sizes for a particular span, the strength of the timber must be taken
into account. Because it is a natural material there will be inherent variability in strength
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and so timber is assigned a strength grade or class which denotes particular mechanical
properties.

50 X 200mm joist spans 4.4 metres. If joists are not deep enough
they will bend.

47 x 195mm regularised joist spans 4.36 metres.

3.3 metres
50 X 150 (47 X 147mm).

If they are not wide enough
they will twist.

A correctly sized beam will suffer minimal deflection when loaded.

Joists 47mm x 195mm (ex 50 x 200mm) and of strength class C24, will span 4.36 metres if the joists are at 400mm centres and the
loading is between 0.25 and 0.50 kN/m?.

The width of a joist only marginally affects its permitted span, but it does affect its resistance
to twisting and warping. Joists less than 38mm wide warp readily, and also provide insufficient
area on which to nail and join floorboards.

Traditionally, timber was used for both upper and ground floor structures because there
was no simple, cheap alternative. Nowadays, however, concrete and steel are both suitable for
floor construction. However, concrete and steel floors are most likely to be found in blocks of
flats where requirements for fire protection and sound insulation are much higher than normal
domestic construction. In houses, timber is still the most suitable material because:

e itisreadily available

e itisrelatively cheap

e tiseasy to cutand shape

fixings are easy, i.e. nails and screws

« timber is relatively easy to repair (or alter).

In order to stop the floor joists from twisting or warping (and possibly damaging the ceiling
finish), it is usual to find a line of strutting fixed at right angles to the joists. Strutting also helps to
‘tighten up'a floor, thus reducing ‘bounce’ The struts can form a herringbone pattern or can be
solid off-cuts of timber; usually staggered so that they can be easily nailed to the joists.

Staggered strutting using ‘off cuts’ from joists. The Strutting ‘tightens up’ floor thus reducing ‘bounce’. It also reduces
struts are staggered so that they can be nailed. twisting of the joists which could damage the ceiling finish.
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Herringbone strutting is probably the more traditional method, although straight strutting is
often found in houses dating back to the Georgian period. Where herringbone strutting is used
in more modern houses, it is sometimes made of stainless steel instead of timber.

Strutting to a traditional cut joist upper floor.

It is normal to find one set of struts for an average-sized room, or two sets if the joint length
exceeds 4.5m. However, if the joist width is less than 50mm, extra struts may be required to
prevent the timbers from twisting.

Folding wedges *
<

The photograph (left) shows strutting to a modern floor. The principle has not
changed although stainless steel struts are sometimes used in place of their
timber counterparts. If the strutting is to be effective, the floor structure needs
to be braced against the adjacent wall(s). Traditionally, this was achieved by
inserting folding wedges between the wall and the end joist.

Note: The use of the traditional solid (‘cut’) timber joists has, in recent years, been largely
superseded, particularly in volume housebuilding, by the use of timber I-beams or metal web
joists (see later). Floors using these engineered joists are specially designed for each individual
job and the need for strutting can usually — though not always — be designed out. There may,
however, be a need to stiffen or brace the joists at certain points or for longer spans. Such details
will be provided by the manufacturer — but, as an example, see the reference to 'strongbacks’
later in this chapter.



108

Chapter 6: Upper floors

Spacing of joists

Traditionally, joists were normally fixed at 400mm (16") centres. This is probably the most
economic arrangement of the timbers. Joists spaced more widely apart require deeper sections
because they are carrying extra load and the floorboards also need to be deeper in section due
to their increased span. Joists that are closer together use excessive amounts of timber, even
allowing for their smaller cross-sectional area. However, building control was fairly lax until the
development of Model Bye-laws in the first part of the twentieth century and it is not unusual to
find joists at centres of 500mm or even 600mm.

This photograph shows a traditional cut first floor in a house
constructed in 2012. The struts have not yet been inserted.

If the joists are 50mm wide and they are fixed at 400mm
centres they will be 350mm apart. This is still the norm in
modern construction. Modern floor coverings and ceiling
boards are often made in multiples of 400mm to minimise
waste.

Early floors

The next few pages illustrate typical construction details of floors built before the 1930s.

The photograph (opposite) shows a typical upper floor from about 1880 and the drawing
below it shows a typical joist layout (terraced house) from the same period. The joists run side
to side and are supported and joined over an internal loadbearing wall. The use of a loadbearing
wall reduces the span of the joists and precludes the need for long deep-section joists which
were (and still are) expensive and difficult to obtain. Joists were often built into the wall but brick
corbels or cantilevered brackets were sometimes used (see drawimg on p. 110).
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Many early floors are still functioning as originally intended. If
problems of rot or insect attack can be avoided, a floor should
last almost indefinitely. Some early floors are undersized

by modern standards. This problem can be exacerbated by
excessive notching, etc. to provide service runs.

! 200 x 50mm bridging joists at 400 centres
200 x 75mm trimming and trimmer joists
Joists lap on internal
loadbearing wall

|
I
—m—.— Trimmed joists housed

into trimmer

N

=

Tusk tenon joint

Folding wedges

|

Wall-plate supported
( ) on wrought iron corbels

L M Herringbone strutting
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Where issues of restraint and fire protection were not important, the joists would normally be
found spanning the shortest distance across a room. This provided some savings in cost because
the joist depth could be reduced.

In some houses the joist direction was determined by factors other than those given above.
Terraced houses with large bay windows, for example, sometimes have joists running parallel to
the bay. This reflected contemporary construction practice; it was not uncommon to construct
the bay, possibly in stone rather than brick, after completion of the brickwork and floors. The joist
direction can be determined quite easily; they always run at right angles to the floorboards.

Fixing the joists to the external wall

When joists are built into solid external walls, there is a danger of damp penetration which can
ultimately cause rotting of the timbers and collapse of the floor. If the wall is over one brick thick
this problem is less likely to occur. However, the majority of houses built before the introduction
of cavity walls have walls which are one brick thick (i.e. 225mm) and, in these cases, the joist
ends are only protected by 100mm or so of masonry. This will often be insufficient to prevent
penetrating damp reaching the ends of the timber joists and subsequent problems of rot can be
expensive to resolve,

In some properties a timber wall-plate was inserted under the joists in order to provide a
level surface on which to fix the joists. These levelling wall-plates were sometimes used where
the brickwork was of poor quality or where stone rubble or irregularly sized bricks precluded
level courses. In this situation an outbreak of rot in the wall-plate may ultimately lead to
instability of the wall. This form of construction is not uncommon in Georgian and Victorian
properties.

In other properties, attempts were made to provide the joists with the full protection of the
wall. The example below shows a timber wall-plate supported by wrought iron or steel brackets.
These are fairly rare as they require expensive ceiling cornices in the rooms below to hide the
plate and brackets.

]
Joist built in to wall... Joist supported on corbel = Detail showing bracket and cornice

.

[ ]
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[ ] |
e |
[ ] =
EE (|
...possibly with plate = Joist supported on step... [
I:I- I:I--
=] (]
[
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EE [
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||
Plate supported on steel ERER possibly with plate =
brackets |:|= = Pre-cast cornice
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Upper floor joists built into an external wall.

The photographs above are of the party wall remaining after the demolition of a
Victorian house. The ‘sockets’ where the first and second floor joists were built into the
party wall are clearly visible. The close-up view shows the empty sockets, but also note
the stretcher and header bricks of the front external wall, which are clearly visible to the
left-hand side of the image.

As indicated in Chapter 4, some larger Victorian and Georgian properties have walls that vary
in thickness (becoming more slender on the higher floors). In such properties it was common
to support the floors as shown in the diagram below. The joists and wall-plate are, for the lower
floors at least, well protected by the thick external wall.

One brick
Shallow section joists for

bedrooms and servant
quarters

Oneanda
half brick

Deeper section joists for
main living accommodation

Joists were often
fixed to a timber Two brick
wall-plate

Stone slabs at ground
floor (or basement) level
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Support from internal walls

Most older houses contain internal loadbearing walls which support the joists and, in some cases,
part of the roof structure. It is unlikely, except in the smallest of older houses, to find joists which
span from external wall to external wall without intermediate support. The use of an intermediate
supporting wall meant that shorter joist lengths could be used, and that the joists did not have
to be too deep. The floor plan on page 109 shows how joists can be supported on internal
loadbearing walls.

In recent years, I-beam and metal web joists have become more common. These can span
greater distances than timber joists, often precluding the need for internal loadbearing walls.
More information on these is provided later in the chapter.

Finishes

As mentioned in Chapter 5, older floors are likely to be covered in square-edged or tongued and
grooved floorboards, with the latter being more common in buildings of the 1930s to 1950s,
though it is difficult to be precise about this because regional differences exist.

Until the 1930s, the majority of ceilings were formed in timber lath, finished with three coats
of plaster. The timber laths, basically long, thin strips of cheap softwood, were nailed to the
underside (soffit) of the joists, forming a mechanical key for the plaster. The first coat of plaster
squeezes through the lath and forms a good key for the subsequent coats, which provide a
smooth finish ready for painting or papering.

This was the most common method of forming ceilings until the 1950s. The timber laths
form a mechanical key for the plaster. The first coat, the pricking up’ coat, squeezes
through the lath and forms the key. Two subsequent coats were required to provide a
smooth, even finish.
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Section Two: modern floors

In modern construction the principles of the design of upper floors have not changed. However,
there are a number of differing details, mostly requirements of current Building Regulations. In
addition, in recent years the use of engineered structural joists has increased as a substitute for
what we might now call traditional solid timber joists (‘cut’timber joists). The two main types of
engineered joists are metal web joists and timber I-joists.

Timber I-joist

A modern house (2012) using solid (cut’) timber joists to form the first floor.

Both of these can span larger distances than (routinely available) timber ‘cut’joists. One
advantage of this is that the need for loadbearing partitions in the rooms below is reduced.
Metal web joists provide another advantage because they do not require notching or drilling for
pipes and cables.
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The I-joist usually consists of timber flanges (chords) at the top and bottom and a ‘web’
which is usually made of oriented strand board (OSB) but may be hardboard or plywood. The
metal web joist uses a similar approach but with metal as the webbing material connecting the
upper and lower timber flange. The webs are formed out of profiled thin-gauge steel. They are
usually V-shaped and connected to the flanges by integral nail plates. In addition to facilitating
longer spans, they are comparatively light and easy to handle on site.

Metal web joists.

Metal web joists.
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Metal web joists being fixed on joist hangers.

I-joist built into wall.

Both types of engineered joists are purpose-made for each project so manufacturers’
publications must be consulted for details of construction — and therefore only general points are
made here and, for simplicity, the majority of the diagrams used in this chapter show traditional
joists, supplemented by photographs of metal web joists and I-beams.

Joist hangers

Modern walls are usually formed in cavity construction and it is common practice to use
galvanised steel hangers to support the joists, although they can be built into the wall. Joist
hangers are made in a variety of patterns and sizes — a typical one is shown in the diagram below.

Galvanised or stainless
steel joist hanger

Joist should fit ‘tight’ into
the hanger and have a

Softwood joist bearing of at least 40mm.

‘I'beam

Joist nailed to hanger

Softwood top and
bottom flanges

Ply web ‘Cut’timber joists should normally be notched
to ensure even ceiling line.
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When the bricklayers have reached the first floor level, the carpenters position the hangers
and joists, and then the bricklayers can complete the next lift of brick or blockwork. The ends of
the hangers are embedded in the wall and the joist sits in the hanger and is fixed using nails. The
use of hangers means that the joist has the protection of both the internal and external skin of
the wall. The bottom of the joist needs to be notched where it fits into the hanger; failure to do
this will result in an uneven ceiling line.

The Building Regulations imply that hangers must be used for joist support but
it is still acceptable to build the joists into the internal leaf of the external cavity wall (though
not into party walls) as long as either a sealant is used around the joist end or a proprietary
joist cover (sealing box) is provided to prevent air leakage and therefore heat loss. The fact
that this precaution is not necessary with a joist hanger is an additional advantage to
using them.

The danger of building joists into the wall is the risk that moisture vapour in a damp cavity
may, over a long period, raise the moisture content of the ends of the joists. As the moisture
content of the timber settles into equilibrium with the damp air in the cavity, conditions may be
created which encourage attack by wood-rotting fungi.

Joists can be built into inner leaf of blockwork. On no account should the joists be allowed
They should be bedded in, and surrounded to touch the outer leaf. This can bridge the
by, mortar to ensure a good bond with the wall. cavity.

Sealant or joist cover/box
required around joist to
prevent air leakage.

Floor joists should not project across the cavity and touch the external leaf of brickwork or stone
work. Even slight projections into the cavity can cause problems as mortar droppings can become
attached to the timber and cause bridging of the cavity.
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l-joist built into wall and using sealant to prevent air
leakage (I-joist above and metal web joist right).

Joist hangers supporting solid timber joist.

Metal web joists using hangers on block wall
and on joists where attached to each other.
Photograph courtesy of Truss Form (Midlands) Ltd.

Support from internal walls

Photograph courtesy of Truss Form (Midlands) Ltd.

Web joist on hanger.

Web joists supported by hangers.
Photograph courtesy of Truss Form (Midlands) Ltd.

Long traditional solid joists (over 5.4m or so) are expensive and difficult to obtain. It is usually
cheaper to provide internal loadbearing walls to reduce the required span. Such walls are typically
constructed in 100mm blockwork. The joists can be fixed to wall-plates bedded on the internal wall,
built in, or can be supported on hangers. As observed above, modern I-beams and metal web joists
will often span right across a house without the need for internal loadbearing walls. This not only
provides savings in capital cost, it also means that the ground floor space is more adaptable.
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Restraint of external walls

It was mentioned in Chapter 4 that the walls of houses require restraint from upper floors. The
reason for this is shown in the drawing below. The flank wall, if it were free-standing, could
collapse in high winds, or as a result of traffic vibration. In practice, the wall might remain
standing because it gains support from the return walls at each corner and from any loadbearing
partitions which are built into it. The upper floor joists also have a role in providing restraint,
although in many older properties there is no effective restraint where the joists run parallel to
the wall. The Building Regulations require restraint at the junction of all upper floors and external
walls and it can be provided in a number of ways.

Joist securely built into
wall - restraint provided

No restraint — wall
can move

Joists can be built into the wall as long as any gaps around the joists are
sealed to prevent air leakage.

If the joist ends are built firmly into the internal skin of the cavity wall, they will provide
adequate restraint. However, if hangers are used, some form of lateral restraint is necessary to
prevent the wall from moving outwards. One method is to fix galvanised or stainless steel straps
to the side of the joists. The strap runs through the internal leaf and hooks behind it. These straps
are required every 2 metres — approximately every fifth or sixth joist (see diagram opposite).

A simpler option is to use restraint hangers. The photograph opposite shows that the special
hangers run over the internal leaf and down the cavity, thus preventing outward movement
of the wall. These special hangers are only required every 2 metres; the remaining joists can be
supported by the ordinary hangers described previously.



Chapter 6: Upper floors 119

Restraint hangers.

Strapping is required every 2 metres.

A galvanised or stainless strap nailed to the side
of the joist provides restraint for the wall.

Where the joists run parallel to the wall, restraint can be provided by galvanised or stainless
steel straps which hook over the inner skin and then extend over at least two joists. The hook on
the strap prevents the wall from moving away from the floor. To prevent the wall from moving
inwards it is important to provide timber blocks in between the two joists under the strap and
between the end joist and the blockwork (see photograph overleaf).



120

Chapter 6: Upper floors

Tying in the external wall to the upper floor where joists run parallel. A galvanised strap
extends over three joists with timber blocking below. The joists are notched slightly to ensure

that the top of the straps are flush with the top of the joists.

If joists are supported on standard joist
hangers, restraint, in the form of straps or
restraint hangers, will be required at 2 metre
centres.

Some authorities recommend
blocking between hangers.

Restraint hanger
runs through wall
and down outer face
of blockwork.

~ If joist is fully built-in to the internal leaf
no additional restraint is necessary but

joint must be sealed against air leakage.

Party walls

Where joists run parallel to the internal leafs straps can
be used to provide restraint. The straps should be at
least 30mm x 5mm cross-section and should extend
over three joists. Timber blocking, in between the joists,
provides rigidity.

Timber blocking

NB. Some joist hangers should not be loaded
(i.e. joists fixed) until at least 2 courses of blockwork
have been laid above them.

If the joists are parallel on either side of the party wall, and where there is contact along the
length of the wall and floors at least every 2 metres, no restraint is necessary. Examples of such
‘contact’include an internal wall at right angles to the party wall or strutting to the floor. Where
joists run at right angles to the party wall they should be supported by joist hangers with
restraint hangers provided at 2m intervals. Joists should not be built into party walls to ensure
fire protection, sound insulation, thermal insulation and also to help prevent air leakage.
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This photograph shows typical construction at a party
(separating) wall using joist hangers. Good sound insulation
and fire protection are difficult to achieve if the joists are built
into party walls. There is also the problem of air leakage.

Openings in timber floors

Nearly all upper floors have openings in them to accommodate stairwells and, possibly, chimney
stacks. Forming the opening is known as ‘trimming’and is a relatively simple exercise.

The diagram below shows a modern floor that has been trimmed to form a stairwell. The
joists in the diagram are supported at the wall by steel hangers, but they could be built into the
inner leaf of the blockwork. On either side of the stairwell the joists are doubled up and bolted
together, providing extra strength to these two joists which are carrying extra load. An alternative
is to use a wider single joist. These double joists, known as the trimming joists, support a trimmer
joist which, in turn, supports the trimmed joists. The joists are joined together using timber to
timber"hangers, shown in the left-hand photograph below.

Trimming joist - 75mm wide
or possibly two 5o0mm joists
bolted together.

In modern construction ‘timber to timber’ (L
hangers are the norm. In older houses,
(say pre-1960s) special carpentry joints
are more likely to be found.

A staircase opening showing trimming, trimmed and Staircase opening in a traditional cut floor.
trimmer joists (refer to the diagram above).
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Stair opening formed in a
metal web joist floor.

Stair opening formed with an I-joist
floor. Note the blocking pieces behind
the joist hanger to allow proper fixing
of the hanger.

(left and below)

Staircase opening being
formed with web joists.
Photographs courtesy of
Truss Form (Midlands) Ltd.
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Holes and notches in joists

Holes and notches that are cut into the joist for services, such as pipe runs to central heating, etc,
may affect its structural integrity.

The safe positioning of notches and holes is shown in the TRADA guidance document
referred to earlier. This recommends that notches should not be cut deeper than 0.125 of the
joist depth and should be positioned in a zone away from the joist bearing end at least 0.07 to
0.25 of the span. Holes, which should not be greater than 0.25 of the joist depth in diameter
should be positioned on the joist centre line, at least three times the hole diameter apart and
positioned away from the joist bearing end in a zone of 0.25 to 0.7 of the span.

Notch zone - depth no more No hole within
than 0.125 of joist 100mm of notch

Centres should be
at least 3 times
diameter

Services in a solid joist. As a general rule (but not invariably) cables are run
through holes drilled in the centre line while pipes are laid in notches cut on the
upper surface.

Copper service pipes running through notches in a solid timber
upper floor.
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In the case of I-joists, the manufacturers will usually specify where holes for service runs can
be drilled and how big they can be as part of the specific calculations for the particular job.

Services running through I-joists.

With metal web joists (see photograph below), these problems do not arise because service
pipes, cables, etc. can be run through the gaps which are integral to their composition.

View through open web of metal web joists.
Photograph courtesy of Truss Form (Midlands) Ltd.
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Services are easily run through the open web in metal web joists.

Finishes

As mentioned in Chapter 5, most modern floors are covered with tongued and grooved
chipboard. Alternatives include plywood and oriented strand board (OSB). Tongued and grooved
floorboards are still available and could be used where the floor is to be left exposed and
varnished as a decorative feature. Although not commonly used nowadays, floorboards have the

advantage that they are easier and less disruptive to lift when access to the floor void is required.

To ensure that the requirements of the Building Regulations are met, floor boarding that will
not be damaged by spilt water or moisture in rooms such as kitchens, utility rooms, bathrooms
and WCs should be used in these areas regardless of the floor location or level. This could
be either a proprietary moisture-resistant type or a minimum of 20mm thick natural timber
floorboard.

Modern ceilings are nearly always formed in plasterboard. This is covered in more detail
in Chapter 10, but the construction basically consists of large sheets of plasterboard, nailed or
screwed to the underside (the soffit) of the floor and finished with plaster.

Chipboard flooring being fixed (glued) in place. This photograph shows chipboard flooring wrapped in
plastic. The chipboard should be a moisture-resistant grade.
The plastic covering is temporary and is intended to protect
against rain penetration and material spills, etc. during
construction.
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Fire protection

The purpose of fire protection is not to render a floor non-combustible, but to ensure that

it will resist collapse for a sufficient period of time to allow evacuation of the building. The
Building Regulations require that dwelling houses with floors within 5m of ground level have 30
minutes’ fire resistance and 60 minutes' fire resistance to all the floors in dwelling houses with

a floor above 5m. Typically, 30 minutes can be achieved with one 12.5mm layer of proprietary
plasterboard skimmed or self-finished and 60 minutes with two layers of 12.5mm proprietary
plasterboard with the joints staggered and filled.

Sound insulation

Until 2003, there were no specific requirements for sound insulation of the intermediate floors of
houses. The Building Regulations were revised and required a minimum performance standard
of acoustic insulation for floors to bedrooms, bathrooms and other rooms containing a WC. The
requirements are not difficult to achieve; if a suitable thickness of proprietary ceiling boards and
acoustic insulation quilt is included in the construction, this will also normally achieve the fire
resistance requirements, as previously mentioned, by default. More sophisticated construction

is required for flats, where there are also issues of impact sound and fire protection to be
considered.

18mm tongued and grooved boarding 18mm tongued and grooved boarding

100mm sound quilt

Resilient bars

15mm plasterboard
15mm plasterboard

This photograph shows a floor comprising metal web joists,
covered with tongued and grooved chipboard with resilient
ceiling bars fixed to the underside of the joists. These reduce
the chances of ceilings cracking and improve sound insulation.
If 15mm plasterboard is fixed to these bars, the 100mm sound
insulation quilt can usually be omitted.
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Thermal insulation of upper floors

To achieve the conservation of fuel and power requirements (as well as the resistance to
condensation and mould growth requirements) the Building Regulations recommend that
upper floors over unheated areas in a dwelling, such as integral garages, external passageways
or feature overhangs, are insulated to the same standard as ground floors. This can be done

in a very similar manner to the approach adopted for ground floors, with the omission of the
ventilation but with the addition of a fire (and moisture-resistant if external) board or cladding
material to the underside of the floor if, say, a timber floor was used that would not have these
inherent qualities.

Summary

Part of a typical modern floor is shown in the diagram below. It shows the layout of the joists, the
position of straps and the provision of strutting.

Joists can be built into

internal leaf or supported —> Building in joists gives good restraint. A

on joist hangers. Blocking good seal is required to prevent air leakage.
usually required with hangers. Hangers require additional straps or special

hangers (at 2 metre centres).

Noggins for edge support
of deck and ceiling

Where possible joists
Centres usual should run the shortest
400mm. distance across a room.

Timber blocking;
to ‘tighten up’ floor.

Straps required at 2
metre intervals to
provide restraint to
external wall.

Strutting or noggings
are required to prevent
joists twisting and
damaging ceiling.

Quilt to improve
sound insulation or
resilient bars fixed to
underside of joists.

Gap of about s5omm

for service runs. Gap also
facilitates fixing of (for floors to bedrooms,
boarding to joist after bathrooms and rooms
plastering or dry-lining. containing a wc)

Joists can be built into
internal loadbearing wall
or supported on hangers.
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The photograph below is of a metal web joist floor and shows the following:

« atimber brace (called a strongback) running at right angles through the joists, which is needed
where the clear span is over 4,000mm in order to ‘stiffen’ the floor

e astainless steel strap, which is restraining the wall (because the joists run parallel to it); it is fixed to
a timber noggin which, in turn, is fixed to the first three metal web joists

«  timber noggins to support (non-loadbearing) partitions

= perimeter noggins to support the edge of the floor decking at that point.

Partition Noggins
There will be a partition
wall above here

Photograph courtesy of Truss Form (Midlands) Ltd.

The image above shows the strongback running at right
angles through the metal web joists. It is usually fixed to a
vertical timber block that has been inserted in each joist and
therefore all the joists are connected and stiffened. Image
courtesy of Truss Form (Midlands) Ltd.
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Strongback nailed
to timber ‘column’
at each joist.

Image courtesy of Truss Form (Midlands) Ltd.

Section Three: concrete floors

In recent years, one or two developers have started to build new houses with upper floors made
from concrete — usually in the form of beam and block or plank floors.

Inverted T-beam and block floor

This is a common form of pre-cast floor and is very similar to the one detailed in Chapter 5

on ground floors. The beams are up to 200mm deep, permitting spans of up to 8m. During
manufacture, each beam is reinforced with steel wires which run along its length and prevent it
from cracking under load. The majority of concrete beams have pre-stressed reinforcement — this
involves stretching the wires to a specific tension before placing the concrete in the moulds.
When the concrete has cured, the tension in the wires is released and this produces a very strong
but lightweight beam.

When the external walls have been built to the correct level (this may require cut blocks)
the beams are lifted into position by crane. They are supported at either end by the internal skin
of the cavity wall, and it is important for structural reasons that they have a full 100mm bearing.
Once the beams are in position, the blocks (or hollow concrete pots) are slotted into place and
then a fine mix of concrete is brushed over the surface to fill any gaps and ‘tighten up’the floor
to prevent any cracks appearing in the ceiling finish. The fine concrete also helps to improve
sound insulation and fire protection. The construction is very quick and does not require highly
skilled labour. In addition, the construction provides much better fire protection than timber
joists and obviously there is no danger of rot or insect attack.
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In a beam and block floor the beams should usually have at least
100mm bearing on the internal leaf of cavities and special narrow 'slips’
are available to fill the space below the infill blocks.

The beams are positioned to suit the size of the blocks. Beams can be ‘doubled up'to carry
heavier than normal loads (see photograph below).The beams are usually strong enough to
support internal non-loadbearing walls. They will not usually support the loads of loadbearing
walls.

As with timber floors, restraint straps will be necessary where the beams run parallel to the
external walls.
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Plank floor

Photograph courtesy of Floorspan UK Ltd.

An alternative to the inverted T-beam is the pre-cast plank floor. These are reinforced lightweight
concrete planks which sit side by side, supported as before by the internal leaf of blockwork. The
planks are built into the blockwork at the sides as well as the ends and therefore restraint straps
are not necessary in this instance.

Photograph courtesy of Floorspan UK Ltd.
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Floor finish

A concrete floor can be finished with a sand and cement screed. The addition of a floating

floor can provide good resistance to impact sound (from footsteps, etc.). This usually involves
separating the floor finish from the structure by a thin layer of resilient material, i.e. a material
that will return to its original size after being compressed. One way of doing this is to lay a sand/
cement screed on a mineral fibre quilt with a paper backing (to prevent the screed entering the
fibres). Some sheet foam materials are also suitable. To prevent the screed from cracking it should
be at least 65mm thick and reinforced with a fine galvanised mesh.

5omm sand cement screed laid
on top of beam and block floor.
For improved resistance to
impact sound a 65mm screed
reinforced with galvanised
‘chicken wire’ laid on a resilient
quilt or foam can be specified.

Chipboard floating floors may be an acceptable alternative (see text). The chipboard should be
laid on a vapour check in case the beams are damp. The vapour check is laid over sheets of
polystyrene (or similar) insulation board. A levelling screed may be required prior to laying the
insulation boards to ‘take up’ the effect of the beam camber.

An alternative solution is to lay chipboard (or similar) on sheets of semi-rigid insulation.
A thin levelling screed may be necessary below the insulation to even out the camber on the
beams.
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Ceiling finish

Plank floors, and some block and beam floors, are designed so that the soffit is flush. The ceiling
finish, in these cases, can be in-situ plaster. However, these ceilings are susceptible to minor
cracking along the lines of the beams or planks, particularly where the grouting has not been
very thorough. A more common approach involves fixing battens to timber inserts or wires
positioned between the blocks. Plasterboard can then be nailed to the battens. Counter-battens
can be used to provide a service void for lighting cables.

Timber inserts every three
or four blocks provide fixing for
ceiling battens.

Gap between blocks
filled with grout.

Some systems
use metal loops.

Battens, typically 50 x 38mm, nailed

to timber insert. Counter-battens can be used

to provide void for cable runs, etc.

Note: Beam and block or plank floors are usually pre-stressed — drilling or shot firing to provide
ceiling fixings may affect their structural integrity.



Roof structure

Introduction

This chapter explains the principles and practice of the construction of traditional and modern
roof structures. Roofing is one of the most complicated elements of house construction and
the chapter is best studied in sections. Section One covers traditional roofs, Section Two covers
trussed rafter roofs and Section Three condensation and insulation.

Function

The primary function of a roof is to protect the building below from the weather. In order to
satisfactorily fulfil this function over a period of many years, it must be strong, stable and durable.
The Building Regulations also require that roofs must provide resistance to the passage of
moisture from external elements, not cause surface condensation and mould, provide reasonable
levels of thermal insulation and prevent the spread of fire from adjacent or adjoining properties.
All these aspects are covered in more detail in this, and the following, chapter.

Roof pitch

The majority of houses in this country are constructed with pitched roofs. The angle of the pitch
may be dictated by aesthetic or structural factors; it may also be influenced by the nature of the
roof covering. Modern tiles permit very shallow pitches but some of the older traditional coverings,
such as hand-made clay tiles, require quite steep slopes to ensure that rain does not penetrate the
roof covering. Shallow pitches are generally cheaper to construct, with savings in both timber and
tiling. Flat roofs are covered with very different materials as described in Chapter 8.

This timber building (above left) is a traditional timber-frame building. The building is new but it is based on typical construction
from the fourteenth or fifteenth centuries. The sloping timbers — the rafters — are supported by a wall-plate at the bottom and

a ridge board at the top. Intermediate support is supplied by a horizontal purlin. Modern roofs can be built in a similar way
although most are built from prefabricated components erected on site. This pitched roof (above right) is nearly 200 years old
and most of the timbers are still in good condition. The construction, in fact, is not dissimilar to the ‘medieval’ roof on the left.
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Section One: traditional roofs

Introduction

This section explains traditional construction techniques found in most houses built before
the 1950s. Millions of such roofs remain in existence. They are often referred to as ‘cut’ roofs.
This seems to be because most of the timbers used would have had specific cuts or joints, of
varying complexity, made to produce a durable structure. Although there were minor regional
variations in technique these were mainly differences in detail and overall there was a level of
standardisation in timber sizes. Steel nails were the most common fixing.
Shortages of timber in the post-war period encouraged the development of new roofing
techniques: these have come to dominate current construction and are covered in Section Two.
There are some key technical terms which will crop up several times in this chapter. These
are illustrated in the photographs below.

Gable: Triangular section of wall
apparent at end-of-terraces,

<€—— semi-detached and detached houses.

Verge: Edge of a pitched roof where
it abuts or overhangs a gable.

A

Eaves: The lowest point on a pitched
roof where rainwater is removed.

A

Ridge Board: Timber at the apex of
the roof providing fixing point for
pairs of inclined timbers (rafters).

A

A dormer window

A

Collar: A horizontal timber linking and
restraining pairs of rafters. They are
located closer to the ridge rather than
the eaves.

A

A Rafter: Inclined timber (in pairs) fixed
at their apex to the ridge and jointed &
fixed at the bottom to the wall plate.

A

A

A Purlin: A large section horizontal
timber supporting the pairs of rafters
normally at mid span.

—— A Wall-Plate: A horizontal timber
located on top of the wall head, to
which the feet of the rafter are

jointed & fixed.
A gable ladder forming a verge jointe xe
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Mono-pitched roofs

The simplest of pitched roofs is the ‘lean-to’ or mono-pitched roof. The diagram below shows

a typical example from the turn of the twentieth century, commonly found forming the rear
extensions (e.g. rear additions) to Victorian terraced housing. The sloping timbers, known as
rafters, were often supported at the top by building them into the solid wall (not recommended
practice nowadays) and at the bottom by securing them to a wall-plate. The wall-plate was a
strip of timber bedded in mortar on top of the wall. This distributed the loads from the roof
evenly and provided a good fixing for the rafters. Mortar cannot actually bond the timber to the
wall and the roof stayed in position due to its weight. The wall-plate was usually the imperial
equivalent of 100 x 75mm or 100 x 50mm, although in practice a variety of smaller sizes were
used.

If a level ceiling is required, joists could have one end fixed to the wall-plate and rafter. The
other end was often built into the wall individually or even supported on a wall-plate bedded
within the wall. This practice cannot be regarded as sound construction. Damp penetration in old
solid walls is common and persistent dampness may lead to problems of rot.

Victorial mono-pitched roofs

The top of the rafters are
often built into the wall or
supported on a plate bolted
or nailed to the wall.

In Georgian and Victorian construction it

is quite common to find timbers built into
the external wall. Damp penetration through
the external wall can lead to rot in the plates.
This can affect the stability of the wall itself.

The rafters are supported
on a strip of timber called
a wall plate. This provides
a fixing for the rafter feet
and spreads the loads
along the wall.

Ceiling joists (if present)
are often built into the wall
for support.

The rafters were skew (diagonally) nailed to the plate and could be a range of sizes; typical
width was 50mm with a depth of 75mm, 100mm or 125mm. The depth of the rafter depended
on its span and loading. The width is primarily to prevent twisting and to provide a sufficiently
wide surface on which to nail the battens supporting the tiles. It was, and is, good practice to
notch the bottom of the rafter where it sits on the wall-plate as this gives a good bearing and
aids alignment of the rafters. This ‘birdsmouth’joint should be no more than one-third of the
depth of the rafter itself. Timbers of any given depth may vary slightly in size, and to prevent
an uneven roof-line the birdsmouth joint can be increased or decreased as required. The rafters
were usually fixed at 400mm centres, this being the most economical arrangement of the
timbers. Other spacings, 450-600mm were sometimes encountered and were acceptable under
by-laws. However, spacing at increased centres required rafters of increased depth. In modern
construction the sizing and spacing of the timbers is controlled by the Building Regulations,
which require the sizes, spacing and spans of the timbers to be adequate for the loadings and
the Approved Document A ‘Structure’ refers to a secondary TRADA document (Eurocode span
tables for solid timber members in floors, ceilings and roofs for dwellings), which contains tables of
timber sizes and spans that would satisfy the requirements of the Regulations if used according
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to the guidance. However, if alternative timber sizes or spans are proposed rather than the TRADA
guidance, structural calculations and details should be prepared by a suitably qualified person

to satisfy the Building Control body that the proposed design is adequate for the anticipated
loadings. Prior to 1965, building standards were controlled by local by-laws, various Building Acts
and generally recognised good practice.

Additionally, the Approved Document recommends that in certain areas of England
softwood roof timbers are treated to resist attack by house longhorn beetle.

The ‘lean-to’ roof appears in many forms. The middle example is probably the most common
but there are others. Using traditional techniques ‘lean-to’ roofs could achieve only very modest
spans due to the structural limitations of their design. By inclining pairs of rafters against a central
ridge (double pitch) increased spans could be attained, and this was the most common form of
traditional roof construction.

\

No ceiling joists (ties) - ceiling The tie is above wall-plate level A strut helps prevent sagging or
finish applied to rafter soffit. giving partially increased ceiling deformation in the rafter.
height.

Double-pitched roofs

The majority of roofs in this country have inclined pairs of rafters forming a symmetrical double
pitch, with the triangular ends of the roof protected by the walls (known as gable walls). This
roof type, often referred to as a gable roof, can easily be adapted for semi-detached and terraced
houses by providing intermediate block or brick walls.

Simple double-pitched roofs (couple and closed couple roofs)

At the top of traditional double-pitched roofs, a timber ridge board will span from gable to gable.
This provides a fixing for the top of the pairs of rafters and prevents their lateral movement.

In a couple roof, because of the lack of horizontal restraint at the feet of the rafters, the
loads tend to push the supporting walls outwards. Therefore, unless these walls are very thick or
buttressed, this type of roof is limited to a span between wall-plates of 3.5m or so.

The closed couple roof, the right-hand example on the next page, introduces a ceiling joist
which is nailed to the feet of the rafters and, ideally, to the wall-plate too. This restrains the
horizontal thrust, achieving effective triangulation.

Triangulation is an important principle in pitched roof construction. A triangular structure,
with appropriately sized members and effective fixings at each node, is highly resistant to
distortion and deflection. Effective triangulation enables closed couple roofs to have an increased
span — up to 5m. This type of roof is utilised on houses such as cottages that are only one room
deep and poor-quality terraced housing built during the Industrial Revolution.
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Couple roof Closed couple roof

Rafters
typically
100 X 50mm

Ridge
typically
125-225 X 38mm

Spreading can be prevented by providing a tie.
In this example the ties also act as ceiling joists.
In order to function properly the connections
between all the timbers must be sound, i.e. to
ensure effective triangulation.

The weight of tiles and snow etc., tend to push the rafters
outwards. This can cause ‘spreading’ at the rafter feet.
In extreme cases it can push the external walls outwards.

Support for ceiling joists

The ceiling joists, which span from wall-plate to wall-plate, were often of smaller section than
rafters. To prevent them sagging in the middle, if no intermediate support was available in the
form of internal loadbearing walls, some alternative form of support was required. The most
common solution, in all types of traditional roofs, was to secure the ceiling joists to a horizontal
member, called a binder. The binder itself was often supported by using a hanger, attached to
the ridge or sometimes to the side of a rafter. An alternative was to use joists of increased depth,
but this was usually a more expensive solution.

The end of the binder is
often built into the gable
wall for support.

Hanger (in tension)
Typical size 75 x 50mm

A binder nailed across the top
of the joists helps support
them mid-span. Typical size
75 X 50mm.
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Eaves

The diagram overleaf shows examples of typical eaves details that might be found on relatively
simple Victorian houses. At the bottom of the rafters a fascia board protects the rafter feet from
the elements and provides a fixing for the guttering.

In most houses the guttering is supported by a fascia
board. This is fixed to the feet of the rafters and it can
be flush against the wall or it can form an overhang.

Birdsmouth joint, a small notch
in the underside of the rafter
provides a good bearing and
helps align the timbers.

RN
=

Flush fascia Overhanging fascia

Overhanging eaves usually incorporate soffit boards. Fascias and soffits can be made from a
variety of materials and were traditionally softwood boarding but nowadays, plywood, plastic or a
number of other synthetic materials are available. Often, these are supported by a simple timber
framework nailed to the rafters or secured as shown in the drawing below. The soffit board
prevents insects and birds from gaining access to the roof space. Overhanging eaves provide far
better weather protection to the wall below. They are more expensive but have been common
since the 1930s. Fascias and soffits, together with issues of roof ventilation, are considered in
more detail in Section Three.

Solid wall construction - Cavity construction—
up to 1920 or so. typical of 1950s and 1960s.

v,

Where there is a large overhang
it is common practice to provide
a soffit board.

L

Soffit can be supported on a batten or
- on a simple framework fixed to the rafters.
- See right hand example.

=
=
L - The fascia board.
=
=
=

Parapet walls

In some houses the external walls continue above the eaves to form parapets. In these dwellings
a different type of eaves detail is required. The rafters were often cut as shown in the photograph
opposite. Drainage would be provided with a zinc- or lead-lined gutter where the rafters meet
the parapet.
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Roofs with parapet walls cannot, by their
very nature, have rafters projecting
beyond the wall-plate. It is normal practice
to cut the rafters as shown in the
illustration. The gutter (i.e. behind the
parapet wall) is usually lined with lead.

[T

% rds
Rafter birdsmouthed
over wall-plate YrdS
(it will be nailed to it) N

Wall-plate —

Collar roofs

In some houses collar roofs can be found. The principle is not dissimilar to the closed couple roof
but the horizontal tie is higher up the rafters. Houses with collar roofs often have rooms formed
partly in the roof space, which results in a lower overall height and subsequent savings in walling
materials. However, if the collar is too high it will not be effective and the rafters below the collar
can still exert an excessive lateral thrust on the supporting walls. If the collar is kept fairly close to
the rafter feet (not more than one-third of the roof height) and a good joint is formed between
the rafters and collars by bolting or the use of fixing plates or carpentry joints, the roof should
remain stable.

Collar roofs were quite common in the Victorian period. The
collar allows part of the accommodation to be provided within
the roof, thus saving a few square metres of brickwork. They
tend to be found in rural areas. Remember that the higher the
tie, the less effective it is at restraining the rafter feet.

A good fixing here

Rafter is vital.

Collar

Max. span approx. 4 metres
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Purlin roofs

The majority of houses with traditional roofs are too deep for simple closed couple or collar
roofs. Houses that are two rooms deep normally require roofs which can span at least 7m. The
load from the roof coverings, snow and wind will cause the rafters to deflect, placing extra strain
on the nails securing the rafter feet. In theory, it is possible to increase the span of a roof and

prevent deflection by using ever-increasing rafter sizes. However, the use of very deep sections is
both uneconomic and also creates handling problems on site due to their weight. In traditional
construction this problem was solved by the introduction of purlins. Purlins are large timber
beams which support the rafters’ span, thus preventing deflection. Purlins span from gable to
gable (sometimes with intermediate support) and, besides supporting the rafters, they provide
lateral stability to the gable walls and, in terraced housing, to the party walls.

This is a modern purlin roof. This roof is slightly unusual in
that there are two purlins on each slope (one on each slope is
more common). The purlins support the rafters which, in turn,
support the roof battens and tiles. The purlins are built into
the gable wall and the party wall for support.

The purlin roof is a very common type of construction, particularly in its simplest form, where
it is used extensively in terraced housing.

In the photograph above the party
wall terminates within the roof

void, rather than extending above
the roof line as a parapet. This is

not uncommon. The party wall’s
effectiveness as a fire break would
have to be confirmed in these houses.

Rafters supported mid
span by timber purlins
built into gable an
party walls.

The party walls should
always extend to the
underside of the roof to
prevent the spread of fire.

Timberridge | some parts of the country

the party walls extend above
the roof line to provide a more
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As in an earlier example, some form of support will be required for the ceiling joists. This can
be in the form of hangers, although it is more likely to be in the form of an internal loadbearing
wall, which divides the front and rear bedrooms. As with timber floors, the ceiling joists are often
in two pieces because long lengths of timber were not (and are not) readily available. This type
of purlin roof is suitable for spans up to 8m or so.

Complex purlin roofs

Terraced housing is usually fairly narrow (4-6m or so) and purlins can generally span from gable
wall to party or gable wall. However, as the width of a property increases, so must the depth

of the purlin if it is to be strong enough to carry the load without undue deflection. Very deep
purlins, say over 250mm, are expensive, difficult to obtain and difficult to handle on site. In
practice, it is more economic to use smaller purlins and provide intermediate support in the form
of struts, built off internal loadbearing walls. In a large terraced house, semi-detached houses or
an average sized detached property, it is common to find one or two pairs of struts, depending
on the availability of supporting walls.

In the first example, shown below, the internal loadbearing wall runs parallel to the ridge
and, by using timber struts inclined at an angle, the purlin can be provided with adequate
support. The internal wall also provides support for the ceiling joists (partially shown in the
drawing), thus reducing the need for hangers and binders which can restrict the roof space. This
is a very commonly encountered arrangement.

Note that the struts are most effective when they are approximately at right angles to the
pitch of the rafters.

The purlin is usually built into the gable end. In some examples
it runs right through the gable end to provide
support for an overhanging verge. The purlin
is shown here set at 90° to the pitch of the
rafter, providing a good opportunity for
effective nailing of the rafters to the
purlin and effective load transfer.
This arrangement is the most
commonly encountered and
enables a simple butt joint

between purlin an
,
=7
I\~4

One (or two) pairs of struts
support the purlin to stop

it sagging. In this example the
struts bear on an internal load
bearing wall.

Purlin is typically
225 X 100.

f:

Struts are typically
100 X 100.

It’s good practice to provide a wall-plate on top of the internal
loadbearing wall. This provides a surface on which to nail and
join the ceiling joists.

Horizontal ties or collars can sometimes be found in large, strutted roofs. It is normal to
find them fixed just below or above the top of the struts. The collar provides extra bracing and
prevents deformation of the roof structure in high winds. The photographs overleaf show a
typical purlin roof from the 1950s.
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This roof dates from the 1950s and is
a good example of a strutted purlin
roof. The purlins are supported by
two sets of angled struts bearing on a
loadbearing wall (see below).

The purlins are built into the party walls
(this is a terraced house). The purlin should
not run completely through the party wall.
This reduces the possibility of fire spread.
A collar, just above the struts, keeps the
roof rigid in high winds. The rendered
brickwork (to prevent smoke leakage) on
the party wall shows how the flues are
‘gathered’ below the chimney stack.

Wide roofs with low pitches can be difficult to strut effectively. Where internal loadbearing
partitions run at right angles to the purlins, the angle of the struts can be adjusted by using
a straining cill, as shown in the diagram below. The straining cill enables the struts to be
maintained at an effective angle to counteract the roof loads. If a loadbearing partition runs at
right angles to the ridge, the purlin can be supported by vertical struts. To reduce the point loads
on the loadbearing partition, it was common to bed a timber wall-plate on top of it. This also
provided a fixing point for the struts.

Joists, hangers and binders S

e tercert ‘\*\;\\\sv il onming ¢ Fgh angie to puring
// N
NN
7’\\\\\
S/ ’ ’ r‘:l

Struts sit directly on wall (as shown here)
or on a timber wall-plate.

I Canted purlin and sloping strut

Ceiling joists (often with binders,
as shown here)

Vertically inclined
purlin and vertical strut

T Tiﬁ?‘f‘"g

[0

4
L Internal

loadbearing wall

Joists parallel
to partition

The left-hand example shows a vertically inclined purlin with a vertical strut bearing on internal loadbearing
wall. The right-hand example shows a canted purlin with a sloping strut. In a shallow pitched roof, and on
very wide span roofs, the struts may not meet (as they do in the example in the previous drawing) and, in these
situations, you will sometimes find a straining cill to help secure the strut base and counteract the loading. In
both roofs, there may be hangers and binders to prevent the ceiling joists from sagging.
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The lower diagram on the previous page shows an example of canted purlins (i.e. the purlin
is turned to 90° to the pitch of the rafter). However, vertically inclined purlins, such as those
shown in the photographs above, are possible. Vertically inclined or canted purlins are the result
of the personal preference of the designer or builder; the former being easier to build into the
brickwork and the latter providing a flat surface against which the rafters can be fixed. If the
purlin is vertically inclined, it is good practice to use a birdsmouth joint where the rafters pass
over the purlin. However, in many cases the rafters simply rest on the corner of the purlin and are
secured by nailing.

Summary

The diagram overleaf shows a typical traditional roof containing many of the elements described

in this section. The function of each member is explained below.

« Theridge board provides a good fixing for the top of the rafters and prevents lateral movement.

« The purlins prevent the rafters from sagging and help to prevent lateral movement of the gable
ends.

« The struts prevent the purlin from sagging.

« The horizontal joists restrain the ends of the rafters and provide a fixing for the ceiling. An effective
Jjoint where the two separate ceiling joists meet over the internal loadbearing partition is essential
for triangulation.

«  The hangers and binders prevent the ceiling joists from sagging. These can be provided under the
ridge or under each purlin. It is possible to provide a hanger for every joist, and in this case the
binder is not required. However, this requires more timber and is therefore less economical.

Ridge board - helps align the rafters
and provides some lateral stability.

into the gable ends.
/
4
Sometimes raking struts , 4
can be found. These help
to provide support
for the purlin. / >
/ A \\
h

Binder transfers loads
from joists to hangers
and prevents joists
sagging.

A collar can sometimes be found
next to the struts. It helps resist
deformation in high winds.

The strut provides intermediate
support for the purlin. Long
purlins can be lapped above
the strut.

h
il
i
Hanger is a tension
member which is nailed
to the rafter, celing joist
and the binder.
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Note: Approved Document A recommends that roofs to detached houses with a pitch of
over 40° are provided with diagonal bracing, which stabilises both the roof and the gable walls —
an example of this bracing is shown below.

Diagonal bracing timbers A
running from, and fixed to,
the wall-plates and purlins :
and from purlins to the ridge |
are now required by Building '
Regulations in certain new '
cut roofs.

Trusses

Some older roof structures have timber trusses to support the purlins. These are substantial
triangulated structures formed using large section timbers. They are jointed, bolted and/or
strapped together. They are capable of spanning from external wall to external wall and were
quite common in the past in large buildings, where big rooms resulted in few loadbearing walls.
The function of the truss is to support the purlins in the absence of such loadbearing walls. On
very wide buildings, such as old warehouses, churches and chapels, trusses may support three
or four purlins on each slope. They are very rare in modern construction, although a lightweight
version was popular in the 1950s, designed by the Timber Research and Development
Association (TRADA), as a response to the post-war shortage of materials. Trusses can be found
in a variety of designs. This particular example (opposite) is a king post truss. The king post is the
vertical element in the centre of the truss.
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Joists can run between trusses or parallel to them.
( Trusses are located at regular intervals in order to

Wall-plate support the purlins etc. effectively

Buildings with trusses tended to be fairly
large and could have walls up to 4, or even 5,
bricks thick. Trusses are located at regular
intervals in order to support the purlins etc.
effectively

Steel or wrought iron s