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Foreword

‘How very little since things were made, things have altered in the building trade.’
(A Truthful Song, Rudyard Kipling)

Although the spirit of what Kipling wrote is still true today, there have, of course, been changes
in the way in which buildings have been designed since he wrote those words and even in the
manner in which they are constructed. Innovation in the construction industry may not be as
rapid as it is in many other manufacturing industries but change, though slow to evolve, does
occur.

In fact there is no single method of constructing a building correctly. There are a number of
techniques and each may be equally as correct as any other. What is important is that the
finished building should be capable of fulfilling its essential functions adequately. To achieve this
each part of the building must satisfy the requirements related to its functional needs.

This book approaches the study of building technology from the standpoint of understanding
the functional requirements of each part of a building and explaining how these requirements
may be satisfied. In order to understand these fundamental concepts as easily as possible the
house has been chosen as the basic building model.

The book progresses through the various stages of house construction in a logical sequence
and also considers the main materials used in the construction of a modern house. By
concentrating on the fundamental functional requirements of each aspect of house construction
it is hoped that the reader will appreciate that there can be a number of methods of building
satisfactorily. Throughout the book a number of details have been provided to illustrate the
various construction methods being described. It should be appreciated that each of these
details is only one example of how the functional requirements for a particular part of a building
may be satisfied and that these are not definitive methods of construction.

As particular concepts are introduced within the book, Self Assessment Questions are asked.
These enable the readers to test their own understanding of each concept before progressing
to the next. It is hoped that the readers will formulate an answer to each of these Self
Assessment Questions and then consult the suggested answer on the website associated with
this book. Again it needs to be emphasised that each of these answers is not the definitive
solution to the question set, but it is hoped that the answer may assist the reader in establishing
whether the concept being considered has been effectively understood.
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1 Introduction to building
technology

A building consists of an assembly of materials and components, joined together in such a way
as to allow the building to fulfil its primary purpose, that of providing shelter to its occupants.
This primary function may be augmented by other supplementary functions; for instance, the
building may be used for certain activities, a factory will be used for the manufacture of
products, a warehouse will be used for the storage of goods, a leisure centre will be used for
the pursuit of leisure activities, whilst a concert hall will be used to house entertainment
activities. Nevertheless, they will all need to satisfy the primary objective of providing shelter to
the occupants.

The provision of shelter rests on two basic necessities:

● that the building will act as an enclosure for the activities housed within;
● that the building will protect the occupants, equipment or goods housed within from the

vagaries of the external climate (rain, wind, sun, snow and frost).

Building elements

If the building is to act as an enclosure, it must have external walls and be covered by a roof.
The roof will normally rest on the walls and be supported by them. The walls, in turn, will need
a firm base or foundation to be built upon, which will transfer their weight and that of the roof
to the ground beneath.

In order to make the building useable, the internal space enclosed by the external walls and
roof may need to be sub-divided into rooms by the introduction of horizontal dividers between
storeys, the floors, and vertical dividers between rooms, the internal walls. Stairs or lifts can pro-
vide access between storeys. Doors can provide access to the building and to each room within
the building. Daylight and ventilation can be introduced into the building by the provision of
windows in the external walls or the roof. All of these parts of the building construction are
known as elements. Each of these elements will be considered individually within this book.

Self Assessment Question 1

How would you define a building element?



Building loads

Buildings must not only be designed to support their own weight safely, they must also be able
to support the weight of the occupants and any furniture, equipment or goods that are con-
tained within the building. The building also needs to be able to withstand other forces that may
be imposed upon it by the wind or snow.

Buildings are therefore designed to carry three specific types of loading:

● Dead loading
● Live loading
● Superimposed loading

Dead loading – derived from the weight of the materials and components used in the building
construction. This will alter according to the type of building being constructed.

Live loading – derived from the weight of all the occupants using the building, together with the
weight of all the furniture, equipment and goods that may be contained within the building.
This will alter according to the use to which the building is put.

Superimposed loading – derived from the forces exerted onto the building by the climatic con-
ditions prevailing. This will alter according to the location of the building, and according to
whether it is exposed or sheltered.

The total load that a building exerts on the ground beneath is obviously dependent on a num-
ber of factors, but as a rough guide, a typical brick-built house will exert a total load of approx-
imately 30 kN/m (Kilonewtons per metre run of loadbearing wall) on its foundations. This
assumes that the external walls will carry the loading from the roof, the floors and the stairs
directly to the foundations that are built beneath them. To ensure that the building will not suf-
fer collapse if the design loads are exceeded during its lifetime, a factor of safety is normally
added to the total load. This factor of safety is normally taken as two, and has the effect of dou-
bling the calculated load of the building in order to ensure that the foundations can be designed
to be adequately strong to cope with occasional excessive loading. This aspect will be looked at
in more detail in the chapter on Foundations.

The functional requirements of a building

In order to be functional, buildings need to satisfy more than their primary function. Modern
buildings have to satisfy a variety of other needs, and these must be considered in the design of
the elements and sub-elements that make up the building.

Strength and stability

If a building is to act as an enclosure, it must be strong enough to carry the loads imposed upon
it and be stable enough to transfer those loads to the ground beneath safely. The strength of
the building is related to the strength of the materials used in its construction.

Self Assessment Question 2

Why is the weight of all the occupants using the building, along with the weight of all
the furniture, equipment and goods called live loading?

2 Introduction to building technology



As buildings are loaded, they become subjected to a range of stresses that must be safely
accommodated by the materials used in the structure. There are basically three kinds of stress
that building materials will be subjected to:

● Compression (pushing)
● Tension (pulling)
● Shear (tearing)

A beam, such as a floor joist or roof rafter, spanning between two loadbearing supports will
bend (or deflect) when loaded. This deflection is considered acceptable provided it does not
cause the beam to fail (that is to crack or even to break) and provided the amount of bending
is not unsightly or could cause finishes which are attached to the member from cracking.

Different materials react in different ways under load. Some materials, like concrete, brick and
glass are very brittle and have low ductility. They will not bend very far before they begin to fail
(usually because of tensile stresses). Other materials such as steel and timber have a higher duc-
tility and can accommodate a greater amount of bending before they fail.

Some materials have a high modulus of elasticity and will bend very easily when loaded and
return to their original shape when the load is removed. However, these materials are not as
good for structural uses as materials that have greater stiffness. In addition to loading
considerations, building materials are also subjected to stresses that are caused by movement.
This may be structural in nature, caused by the settling of the foundations or the bending or
twisting caused by the application of a load, or could be caused by expansion and contraction
of the material due to changes in its moisture content or temperature. There may even be
movements in the materials caused by chemical reactions between materials placed in contact
with each other or with chemicals in the environment.

The building must therefore be designed with consideration being given to the structural
properties of the materials being used. This is more important for loadbearing elements, such as
walls, floors, roofs, foundations and stairs than it is for non-loadbearing elements such as
partitions, windows and doors. Another important consideration is the weight of the materials
themselves, since heavy materials will add more to the total load of the building through their own
dead weight than will lighter materials having similar strength characteristics. Thus an important
ratio to be considered when selecting materials for structural applications is that of the material’s
strength to its weight. A high value is considered to be better than a low value for this ratio.

Self Assessment Question 4

Which material is likely to have the better strength to weight ratio, concrete or timber?

Self Assessment Question 3

What are the stresses that are being put onto the following materials?

(a) A brick wall supporting a roof.
(b) A concrete floor with a heavy statue placed onto it.
(c) A sheet fabric stretched over a timber framework.

Introduction to building technology 3



Weather resistance

If a building is to provide shelter from the external climate, then the parts of it that are exposed
to that climate must be weather resistant. This is generally taken as being resistance to water
penetration either from the rain through the external elements of the building (roofs, walls,
windows and doors) or rising dampness from the ground through elements in contact with the
ground (ground floors and footings to walls). However, air infiltration (draughts) may also be
considered unacceptable to the occupants of the building and therefore may also need to be
minimised.

Water penetration into the building may be reduced by four main mechanisms, either
adopted singularly or in combination:

● making the structure impermeable by using a barrier that will prevent the passage of water
across it;

● using specially shaped joints that will prevent the passage of water from the exterior to the
interior of the building;

● allowing a small amount of permeability due to the use of slightly porous materials, but
designing the structure to be sufficiently thick enough to allow the path of water to be
reversed, due to evaporation, following a change in the weather, before it reaches the
interior of the building;

● adopting a cavity, which water cannot cross and that separates the damp exterior of the
building from the dry interior of the building.

This aspect will be looked at in more detail in the chapter on External walls.

In practice the latter two mechanisms tend to be more efficient than the first two, since most
building materials have some permeability and even if a material is totally impermeable to the
penetration of water there can be problems at the joints or where small cracks have developed
due to structural, thermal or moisture movement in the material or component. This aspect will
be looked at in more detail in the chapter on External wall finishes.

However, one technique, which has been successfully used to combat water penetration
seeping through a material, is to use an impermeable material placed in a strategic location to
act as a barrier to damp penetration, the damp-proof course (dpc). This is very effective at the
base of walls in preventing moisture from the ground being conducted up through the
permeable brickwork to the interior of the building, above ground level, by capillary action. This
aspect will be looked at in more detail in the chapter on Bonding and openings.

Self Assessment Question 6

Name two impermeable building materials.

Self Assessment Question 5

Which of these techniques is used to provide weather resistance to a window?
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Fire resistance

Buildings should be designed to be fire resistant and to withstand the effects of fire from within
as well as one from without for sufficient time to allow for the escape of occupants to a place
of safety.

It is preferable to construct buildings from materials that are non-combustible, but this is not
always feasible. Timber is a very versatile building material and yet it is combustible. However, if
timber structural members such as beams, posts, joists or rafters are designed of sufficient thick-
ness, then the rate of combustion of any excess or ‘sacrificial’ timber may provide sufficient time
for the building to be safely evacuated before the structural member is sufficiently weakened to
cause it to fail under load. Indeed, the charring of the ‘sacrificial timber’ around the member can
actually slow down and in some cases even stop the rate of burning. This aspect is considered
in more detail in the chapter on Timber.

Many structural building materials, like brick, have good fire resistance since they have been
produced through the refractory process, in a kiln, themselves and are therefore less susceptible to
combustibility or loss of strength at high temperatures than other materials. Steel, however,
although it is produced in a furnace, can suffer rapid loss of strength once its temperature exceeds
500ºC (quite possible in a well-established fire) and is likely to buckle under the stresses imparted
by the loads the member may be carrying. Concrete can also suffer damage in a fire if natural
aggregates are used. The moisture present in the particles of coarse aggregate may expand as it
is heated beyond boiling point causing the particles to explode and the concrete to sinter.

Even non-structural materials may need their fire resistance to be considered in the design of
a building. Finishes to walls, floors and ceilings may allow the surface spread of flame, thus caus-
ing the fire to spread rapidly inside a building. Materials with a low surface spread of flame value
may need to be considered in these applications. This aspect is considered in more detail in the
chapter on Internal finishes.

British Standard 476 (BS 476) Fire tests on building materials and structures outlines three
main fire tests on building materials to determine their performance in a fire. These are:

● Stability – freedom from collapse due to the action of fire;
● Integrity – resistance to the passage of flame and smoke;
● Insulation – resistance to the passage of heat that may cause spontaneous combustion of

other materials not in direct contact with the fire.

This aspect will be considered further in the chapter on Doors.
Components may be protected from the effects of fire by retardant treatments or by covering

them with materials having high fire resistance.

Self Assessment Question 8

Give an example of a material that has high fire resistance.

Self Assessment Question 7

What is capillary action and how may it affect footings to walls?

Introduction to building technology 5



Thermal insulation

Modern buildings need to be designed to satisfy the demanding comfort conditions of occupants.
A primary consideration in this respect is thermal comfort. Buildings need to be insulated to
prevent excessive amounts of heat escaping to the outside, and may also be required to prevent
excessive heat or cold on the outside from affecting the internal environment.

Because of the high cost of energy and the climatic conditions in the United Kingdom, much
attention has been paid in the last 30 years to retaining heat within the building. In other countries,
where climatic conditions are different to our own, more attention is paid to preventing
excessive heat from the outside from entering the building. Both circumstances can be improved
by the introduction of thermal insulation.

Air is an extremely efficient thermal insulant; therefore most thermal insulation materials
incorporate a large amount of air voids. Some building materials are naturally good thermal
insulants, whilst others are notoriously poor and therefore need the addition of materials with
a high thermal resistivity value (a good resistance to the flow of heat through them) to improve
their thermal performance.

Of course there can be problems with trying to improve the thermal resistance of building mate-
rials, since large amounts of air voids in an external element may affect its weather resistance.

Sound insulation

Modern buildings also require adequate levels of acoustic insulation to prevent external noise
from affecting the internal environment, or noise created within the building from affecting the
external environment. Sound is transmitted in buildings by two main mechanisms:

● Airborne transmission – sound waves caused by speech or music travel through the air and
impinge onto elements of the structure (such as walls) and cause them to vibrate as a
diaphragm in sympathy with the wave pattern, thus transmitting the sound wave to the air
on the other side of the element.

● Structure borne or impact transmission – impacts caused by hammering or footsteps cause
the molecules in the element of the structure (such as floors) to vibrate in sympathy. This
energy is then passed on to other molecules in adjoining elements, causing the sound to be
transmitted to other parts of the building.

Insulation against sound transmission is different for the two mechanisms of transmission. The
best insulator against airborne transmission is mass, since bulky elements are less likely to vibrate

Self Assessment Question 10

Why may large amounts of air voids in an external element affect its weather resistance?

Self Assessment Question 9

Give an example of a building material that has a high thermal resistivity value and one
that has a low resistivity value.
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in sympathy with the sound waves than are flimsy structures. Insulation against structure borne or
impact transmission is discontinuity, since it is more difficult for the sound energy to be passed
from the molecules in one element to those in an adjoining element if they are separated from
each other. This may be difficult to achieve if one element relies on the other for structural support.

A further improvement in sound insulation can be accomplished by reducing the amount of
gaps or open pores in the surface of the material. Thus joints between materials or components
may need to be effectively sealed, as may their surfaces.

Durability

Buildings do not last forever, but are extremely expensive to construct and maintain. It is there-
fore important to ensure that sufficient thought is given to the selection of materials and com-
ponents used in the construction of buildings regarding their durability and ease of maintenance
and repair, particularly in those areas where replacement of the material or component during
the life of the building is likely to be extremely difficult.

The durability of a building material may be related to its ease or frequency of maintenance,
repair or replacement. The location of the material or component may also have an effect on its
required durability. If the material or component is exposed to the external environment, then
frequent wetting and drying or changes in temperature between night and day may have an
effect on its performance. Absorbent materials may be subjected to frost damage when the
water they have absorbed freezes at sub-zero temperatures and the ice lenses expand within the
material. Clay products may contain soluble salts which may re-dissolve in water taken up by
absorption but be left on the surface of the material as efflorescence, when the absorbed water
later evaporates. This aspect will be considered more fully in the chapter on Bricks.

Roofing felts and some plastics can become brittle and crack due to prolonged exposure to
ultraviolet rays from the sun. This aspect will be looked at again in the chapters on Flat roof cov-
erings and on Windows.

Materials and components that form essential parts of the structural fabric of the building
cannot easily be replaced and consideration therefore needs to be given to their designed
life expectancy that should match that of the building itself. Internally, the durability and
maintenance of finishes may have more to do with the ease and frequency of cleaning as well
as the material’s resistance to indentation or impact caused by the wear and tear of everyday
use. Clearly, wear and tear will be directly related to the proposed use of the building. For
instance, a wall finish in a school will probably get more abuse than the same finish in a house.
This aspect will be looked at in more detail in the chapter on Internal finishes.

The cost of maintenance, repair or replacement of materials and components needs to be
considered alongside their initial cost when specifying their inclusion in a building. The concept
of ‘life cycle costing’ considers the overall cost of using that particular material or component
during the life of the building. When maintenance costs are considered it may be found that a
material which has a high initial cost may have a lower life cycle cost (because it needs less main-
tenance during its life) than an equivalent material which has a much lower initial cost but high
maintenance cost. This aspect will be looked at in more detail in the chapter on Doors.

Self Assessment Question 11

How can the open pores in the surface of a wall constructed from concrete blockwork
be effectively sealed to improve its sound insulation?
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Appearance

An important consideration in any design is how the product looks, and buildings are no
exception. Careful thought therefore needs to be given to the appearance of the materials
and components used in the building and how that appearance may be affected by exposure to
the effects of the weather.

The importance of the appearance of a particular building material or component will largely
depend on whether it can be seen or not. Finishes may cover the structural elements of a build-
ing and it is therefore these that will have their aesthetic appeal considered in their selection.
This aspect will be considered further in the chapters on Internal finishes and on External wall
finishes.

The architectural design of the building will also play an important part in its appearance.
Appearance can also be affected by the use of decorative coatings and these are widely used
on many synthetic materials. Natural materials such as bricks and stones may use texturing to
create a different appearance.

Quality

Finally, quality is also an important consideration in the design and manufacture of any product.
If buildings are to have a long working life, then they must be capable of fulfilling the needs of
their users as effectively as possible. It is generally accepted that the quality of a commodity is
directly related to its price and this relationship is true of buildings also. We accept with other
commodities that we try to obtain the best quality that we can afford and we must be prepared
to relate this also to the acquisition of buildings. Quality is a difficult concept to adequately
define and is best considered as ‘fitness for purpose’, which attempts to relate the quality of the
product to its intended use.

Although not strictly a functional requirement, quality is still regarded as an important con-
sideration in the selection and use of building materials and components. It embodies the per-
formance of the material or component against every other functional criterion. It is extremely
difficult to determine whether a material that has better weather resistance than fire resistance
is better quality than a material that has better thermal insulation than sound insulation. Each
of the functional requirements considered here need to be considered separately.

Consideration has already been given to the problem of a material with a high thermal per-
formance having poor weather resistance and these trade offs may need to be made for other
situations. It is therefore important that not only are the functional requirements of a building
element considered in the selection of an appropriate material or component, but also their rel-
ative significance. It will be necessary to prioritise the functional criteria in order of importance
and this may involve a system of weighting these criteria against each other.

It has already been stated that there is a strong correlation between quality and cost. The
question may need to be asked, ‘What standard of quality can I afford?’. In the final analysis,
does a building client require the same level of quality for the ground floor of a warehouse as
they do for the ground floor of a five star hotel?

Self Assessment Question 12

Give an example of a building element where its sound insulation may be more impor-
tant than its thermal insulation and one in which its weather resistance may be more
important than its fire resistance.
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2 Site investigation and the
type of ground

Introduction

In this chapter it is intended to consider the investigations that need to be undertaken before
selecting a site to build upon. Part of these investigations will consider the ground on which the
building is to be constructed. The characteristics of the main types of ground commonly found
in excavations on housing sites will therefore be examined, and how these characteristics affect
the behaviour of the ground, particularly when it is loaded by a building, will be considered.
Because it is necessary to test the soil in order to determine its nature and likely characteristics,
a small section of this chapter will be devoted to soil sampling and testing techniques.

It is not intended to go into significant detail about the principles of soil mechanics or ground
engineering. The intention is merely to introduce the main types of ground likely to be
encountered on construction sites, to consider the main characteristics of each type and to
attempt to explain how these characteristics can affect the behaviour of the ground, especially
under loading conditions.

Site investigations

Following the identification of a potential site for building upon, it is important to conduct a site
investigation to determine whether the proposed land is suitable for its intended purpose. There
are two main forms of investigation:

● The desk study
● The physical or site study

The desk study

Before even venturing onto the site it is possible to find out a great deal of information about
the land being considered. From ordnance survey maps it is possible to determine the location
of the site and the proximity of transportation links (road, rail, air and water). It is also possible
to ascertain the level of the land and the levels of the surrounding land. By consulting geological
maps of the area it is possible to determine the predominant type of soil or rock for the land
being considered.



Following this it is possible to ascertain restrictions that may apply to the land, such as Town
and Country Planning restrictions (e.g. is the proposed site in an area where an application for
residential building is likely to be acceptable to the local planning authority or will it be rejected,
perhaps because it falls within a ‘green belt’ area?). There may be rights of light, rights of
support or rights of way that have been imposed on the land over the years and which must be
maintained. There may be tunnels, mine workings (either active or abandoned) under the land.
There may be ancient monuments or other archaeological interests on the land that may curtail
its development.

The past history of the land being considered can also be investigated. This will be useful in
order to ascertain whether the land has previously been developed and if so what kind of
development there was. Some industrial processes could have left the land contaminated and
this would need to be cleaned before the land could be developed for the construction of
residential properties. The past history of the land may also establish whether the land has ever
been used for landfill operations.

It will be possible to establish whether any water, electricity, gas, telephone, sewerage and
other services are connected to the land. If they are not, it will be important to determine
whether it is possible to connect these services to any proposed building on the land and at 
what cost.

It will then be necessary to establish more about the area in which the proposed site is located
such as the proximity of local shops, schools, leisure facilities and other amenities. It may be
worthwhile to establish how good the local schools are and the level of crime in the area. This
will help to establish the marketability of the house or houses that are proposed to be built on
the land.

Other useful information will be the sourcing of local building materials suppliers, plant hire
companies and local tradesmen. In addition it can also be determined where excess soil from
construction operations could be deposited and where waste from the site could be tipped.

The physical or site study

On arriving at the site it will be possible to establish the quality of access to the site. Is it possible
to use the existing access or will it need to be widened to get materials and equipment onto the
site? It will also be useful to note the orientation of the land (i.e. in which direction it faces) the
prevailing climate in the area, the direction of wind speeds, how exposed the site is, the level of
rainfall, the amount of frosts in the area and the amount of sunshine and average daytime and

Self Assessment Question 2

Why should it be important to clean land that has previously been used for industrial
processes before re-using it for residential development?

Self Assessment Question 1

Why should the possible location of tunnels or mine workings below the land be of
interest in a site investigation?
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night-time temperatures. Much of this information can be obtained from a desk study before
arrival on site. It may be possible to find out information about the site, such as what had been
built on it previously, did the land drain well after prolonged periods of rainfall and was the land
used for landfill at any time from local inhabitants. If there are any structures on the land it is
useful to investigate these for signs of any structural damage that may have been caused by
settlement or subsidence. Neighbouring properties can also be observed for any signs of
damage. If the land has previously been developed it is important to discover whether any
services or old foundations remain on the land.

Following this it is important to walk over the site and note the general topography (i.e. the
shape of the land) and changes in level of the land. In addition there can be tell-tale signs on
the surface of the land that can indicate the type of ground beneath, such as the presence of
marsh grass, indicating a high water table, the stickiness of the ground, indicating clay subsoil,
the presence of rubble, indicating a possible previous use as landfill. The type of vegetation on
the land should also be noted. To what extent are there trees and bushes on the land and their
sizes? Some trees may have a preservation order imposed on them and this should have been
previously checked out when undertaking the desk study.

Having undertaken the walk over survey it will then be necessary to investigate more about
the type of ground that the land is made up of.

The type of ground

The type of ground that the building is being constructed upon can be basically classified into
two categories:

● Rocks – hard, rigid and strongly cemented deposits with a high loadbearing capacity, but
difficult to excavate.

● Soils – soft, loose and uncemented deposits that are easier to excavate than rocks, but
generally have a lower loadbearing capacity.

Rocks are generally of three distinct types:

● Igneous rocks – for example granite and basalt. These are formed by the solidification of
molten material. They have the highest loadbearing capacity, which is 2–3 times that of
sedimentary rocks and 25–50 times that of soils (see Table 2.1).

● Metamorphic rocks – for example slates and marbles. These are formed from consolidated
deposits altered by heat or pressure. They are hard, but subject to faults that can allow
movements, which can affect the stability of any building constructed above them.

● Sedimentary rocks – for example sandstone and limestone. These are formed by deposits
cemented in layers or strata. The quality of the rock is dependent upon the quality of the
cementing material, the angle of stratification and the behaviour of the rock in wet
conditions. Large cavities can be caused by the passage of water through soft rock.

Self Assessment Question 3

Why should it be important to discover whether any services or old foundations remain
on the land?
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The loadbearing capacity of rocks is reduced if they are not in sound condition due to the
following:

● Weathering
● Shattering through the effects of earth movements
● Steeply dipping bed joints
● Soft clay deposits occurring in bed joints

Soils consist of individual mineral particles that surround spaces or voids. These voids may be
filled with air and/or water. The mineral particles can support load and resist shear stresses. The
water in the voids can support some load but cannot resist shear stress and may be squeezed
out of the voids under heavy pressure. Air in the voids cannot support load and will be squeezed
out of the voids under relatively light pressure.

Soils may be classified into many different types, but a general classification by size and nature
of particles, to assess the density and structural properties of the soil, is generally used. There
are four broad types of soil:

● Non-cohesive – for example sands or gravels.
● Cohesive – for example clays and silts.
● Organic – for example peat.
● Synthetic or man-made – soils that have been imported from a different location or materials

used for landfill, such as domestic refuse or demolition rubble.

Many soils may be a mixture of two or more types.
BS 5930: 1981 Code of Practice for Site Investigation, specifies coarse grained soils as having

65 per cent or more of particles having a size larger than 60 �m (microns, which is one-
thousandth of a millimetre) and fine grained as having 35 per cent or more of particles having
a size smaller than 60 �m.

Non-cohesive soils have large, coarse grained particles that range from 2 to 60 mm in
diameter for gravels and 60 �m–2 mm in diameter for sands. The particles are also irregular
in shape and, because of their size, the voids between the particles tend to be large, leading
to well-drained soils. This property will largely depend on the range of sizes of particles within
the soil (referred to as grading). In a well-graded soil smaller particles will fit into the voids
between larger particles making it easier to compact the soil and the density of the soil will
be increased. Typical load bearing capacities for non-cohesive soils are given in Table 2.2.
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Table 2.1 The loadbearing capacities of rocks.

Type of rock Safe bearing capacity
(kN/m2)

Strong unweathered igneous and gneissic rocks 10,000
Unweathered limestones and sandstones 4,000
Schists and slates 3,000
Strong shales, mudstones and siltstones 2,000
Weak weathered shales and mudstones 600–1,000
Weathered chalk and limestone 600

Source: Adapted from British Standard 8004 Code of practice for foundations, 1986.



Because the particles are irregular in shape and coarse in texture, they tend to exhibit high
frictional resistance when compressed under load and this feature contributes significantly to
their loadbearing capacity. However, the particles do not bond together well if they are not
consolidated, and thus they will have low loadbearing capacity if they are in a saturated state,
caused by a high-ground water level separating the particles and reducing their frictional
resistance (consider quicksand). The sides of excavations in these types of soils will also need a
great deal of support.

Cohesive soils, on the other hand, tend to have smaller, smooth-grained particles that range
from 60 �m to being microscopic in size. The particles tend to be regular in shape, resembling
flat, plate-like structures. They also possess a small negative electrical charge. This charge
attracts the positive charge of water molecules (water molecules are dipolar, that is they have
both a positive and negative electrical charge) and this binds the particles of the soil together.

The water present in these soils gives them their plastic characteristics (that is they are easily
moulded under load but will not return to their former shape once the load has been removed)
and makes them sticky when wet and crumbly when dry. Therefore the seasonal changes in the
water content of these soils will cause them to swell in the winter months when rainfall is high
and to shrink during the summer months when rainfall is low. Shrinkable soils having a Plasticity
Index between 10 and 20 per cent are considered to have low shrinkage potential, those having
a Plasticity Index of 20–40 per cent are considered to have medium shrinkage potential and
those having a Plasticity Index of above 40 per cent are considered to have high shrinkage
potential.

Self Assessment Question 5

Why should frictional resistance contribute significantly to the loadbearing capacity of
non-cohesive soils?

Self Assessment Question 4

Why does a well-graded soil generally have a better loadbearing capacity than a soil
that is poorly graded?
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Table 2.2 The loadbearing capacities of non-cohesive soils.

Type of non-cohesive soil Typical loadbearing
capacity (kN/m2) dry

Dense gravel or dense sand and gravel �600
Medium dense gravel or medium dense �200–600

sand and gravel
Loose gravel or loose sand and gravel �200
Dense sand �300
Medium dense sand 100–300
Loose sand �100

Source: Adapted from British Standard 8004 Code of practice for foundations, 1986.



They will also be subjected to frost heave when the water between the particles that are close
to the surface of the ground freeze during cold weather. In addition to this they will also be
affected by the roots from nearby trees drawing water from the soil during periods of dry
weather. Shrinkable clay soils, especially those located in the area around the South East of
England, can suffer from these problems. These aspects are considered further in the chapter on
Foundations.

Cohesive soils rely heavily on the bond between the particles and the molecules of water binding
them together. This together with their small void spaces, due to their small particle size, helps to
explain why these soils do not drain as easily as non-cohesive soils do. The loadbearing capacity of
cohesive soils is also related to their moisture content (see Table 2.3). Too little water in the soil
causes the soil to crack and crumble, too much water causes the soil to become too slippery with
high plasticity and shear failure may occur before the soil reaches its normal loadbearing capacity.
However, where the moisture content of a cohesive soil is close to its optimum level, the sides of
an excavation may only require minimal support. Under the compression exerted by a building load,
water will be gradually squeezed out from the voids in these soils leading to long-term settlement.
This aspect will be considered further in the chapter on Foundations.

Self Assessment Question 8

Why should cohesive soils, where the moisture content is close to the optimum level,
require minimal support in an excavation?

Self Assessment Question 7

Why should cohesive soils affected by frost during cold weather suffer from frost heave?

Self Assessment Question 6

Why should the plasticity of a cohesive soil be of concern?
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Table 2.3 The loadbearing capacities of cohesive soils.

Type of soil Typical loadbearing capacity
(kN/m2)

Very stiff boulder clays and hard 300–600
clays

Stiff clays 150–300
Firm clays 75–150
Soft clays and silts �75
Very soft clays and silts Not applicable

Source: Adapted from British Standard 8004 Code of practice for foundations,
1986.



Organic, fibrous soils contain a high amount of organic matter and their volume varies
considerably with the moisture content. These soils generally have a high amount of voids and
are therefore highly compressible so that they settle readily when loaded and have a relatively
poor loadbearing capacity. Peats are an obvious example of this type of soil and apart from their
high compressibility they are also highly acidic, which can produce an aggressive environment
for foundations and services that are in contact with these soils.

Topsoil will generally make up the top 150–300 mm of soil on a site. This soil contains a large
amount of decaying plant matter and is also highly compressible. Although it is good for
growing plants in, it is not suitable for bearing loads. It must therefore be removed and stored
on site for later landscaping purposes before construction work can commence. This will be
discussed in more detail in the chapter on Excavations.

Synthetic or man-made soils are often encountered on sites previously used for landfill
purposes. As the availability of land that may be used for construction in this country decreases,
then more use has to be made of land that has been restored for construction use following its
use for refuse disposal. One of the important factors to be considered for these soils is what they
consist of and how well they have been compacted during the landfill operations and the
strength of the underlying soil. Some materials used in landfill are organic in nature and may
well emit methane gas as they decay. This is highly flammable and must be vented adequately
before construction work can commence. Other materials may corrode over time, leaving voids
in the fill.

On sites of varying topography, where there are wide ranges of differing levels, sub-soil may
be imported from other areas to fill up the dips and hollows. These imported soils may differ
considerably in structure from the naturally occurring soils on the site and their structural
behaviour is likely to be strongly influenced by the amount they are compacted in place during
the filling operations as well as the strength of the underlying soils.

Soil investigations

Information from the desk study and the site walk over should provide useful information
concerning the nature of the ground on the proposed site. Where the land has previously been
built on it may well be possible to ascertain the nature and engineering characteristics of the
ground without further costly investigation. Where this is not possible however, further
information on the type of ground and its engineering characteristics will need to be obtained
from tests on the ground itself.

Self Assessment Question 10

Why are voids from decayed or corroded materials in the fill a problem?

Self Assessment Question 9

Why should highly acidic soils produce the possibility of an aggressive environment for
foundations?
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These tests can be either undertaken in a laboratory or on site. It is generally accepted that
laboratory tests can be undertaken with precision equipment in favourable surroundings and are
therefore likely to be able to provide more precise results than tests undertaken on sites.
However, laboratory tests can only be undertaken on samples of the ground obtained from the
site, whereas site tests can be undertaken on the ground as it occurs ‘in situ’. In practice infor-
mation from both sources is useful in order to build up a picture of the ground on the site being
investigated.

In order to undertake either site or laboratory-based tests, access to soil samples must be
obtained. The three most commonly used methods are:

● The trial pit
● The auger
● The core sampler

The trial pit

This is a pit, normally excavated by machine and of sufficient depth to provide useful information
on the type of soil likely to be encountered in the foundation excavations and onto which the
foundations will be bearing their loads. The trial pits should be large enough to allow a physical
examination of the soil within and also allow site tests of the soil to be undertaken. It is possible
for samples of the soil excavated from the trial pit to be sent to the laboratory for further
analysis.

The auger

This is a borehole excavated by a helically shaped drill, which is normally mounted on a lorry or
tractor. The borehole can be taken to much greater depths than the trial pit, but it is not possible
to physically examine the soil in situ. Samples from the borehole are generally sent to the
laboratory for analysis. The disadvantage of laboratory samples that are obtained from trial pits
and boreholes is that they are disturbed (i.e. the soil from different levels may be mixed up in
the sample sent to the laboratory for testing). However, one advantage of the borehole is that
because it can be taken to much greater depths than the trial pit it is possible to establish the
level of the natural water table on the site.

The core sampler

This is a cylindrical tube with a cutting edge that can be driven into the ground to obtain core
samples of the soil. These core samples can then be removed from the tube and sent to the
laboratory for investigation. The samples are undisturbed and can therefore give the best
opportunity for laboratory tests to be undertaken on the soil as it would appear in situ.

The number and location of trial pits, auger boreholes or core samples will be dependent on
the nature of the site, the variability of the ground and the size and location of the proposed
buildings.

Self Assessment Question 11

Why is a disturbed soil sample less useful than an undisturbed soil sample?
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Soil testing

As mentioned previously, there are two methods of testing soils:

● Site testing
● Laboratory testing

Site testing

The Standard Penetration Test measures the resistance of the soil under loading. A 35 mm split
spoon sampler is driven into the soil at the bottom of a borehole. The sampler is initially driven
a distance of 150 mm into the soil by means of a standard weight of 63.5 kg falling through a
set distance of 750 mm. The sampler is then driven a further 300 mm into the soil and the
number of ‘standard’ blows needed to achieve this is recorded. From this information the
relative density of the soil can be established.

The Vane Test measures the shear strength of soft cohesive soils in situ. The apparatus
comprises a ‘vane’ of two 75 � 38 mm plates arranged at right angles to each other in a
cruciform pattern. The plates are attached to a rod that has a torque measuring gauge at its
head. The vane is pushed into the soft cohesive soil and rotated by hand at a constant rate until
the soil within the vane fails by shearing. The torque necessary for shear failure to occur is
measured from the gauge.

The Plate Bearing Test involves the loading of a 600 � 600 mm steel plate at the bottom of
a trial pit. The load can either be applied by kentledge, involving a large number of heavy
concrete blocks, or alternatively a hydraulic jack can transmit the load by being jacked against
the underside of a heavily loaded beam that is positioned at ground level. The load is applied in
increments of 20 per cent of the design load at 24-hourly intervals and the settlement of the
soil is measured every 6 hours and plotted on a time graph. Failure under load is assumed when
the settlement reaches a depth equal to 10 per cent of the breadth of the loading plate 
(i.e. 60 mm). The safe bearing load can then be assumed to be one-third of the load that has
caused failure under the test.

Laboratory testing

Soil samples are identified and classified when they first arrive at the laboratory for testing. A
visual examination determines the colour, texture and consistency of the samples. The moisture
content of the samples is then measured. The greater the moisture content of the soil the higher
will be its compressibility; thus it is important to ascertain the liquid and plastic limits of cohesive
soil samples. The liquid limit determines the moisture content needed to cause the soil to flow
under a given number of vibrations. The plastic limit is determined by rolling out a 4 mm
diameter thread of the soil and noting the moisture content which will allow the thread to be
rolled out still further until it breaks due to drying. The Plasticity Index of the specimen can be
determined by subtracting the moisture content of the plastic limit from that of the liquid limit.
The higher the Plasticity Index of the sample the greater will be the plasticity of the soil. Finally,
by sifting dried samples of soil through a series of various sized sieves it is possible to determine
the particle size distribution or grading of the sample.

The shear strength of a cohesive soil can be measured by the Triaxial Compression Test. 
A cylindrical specimen 75 mm long and 38 mm in diameter is taken from an undisturbed sample
and placed in a plastic cylinder that is then filled with water. The specimen is then subjected to
lateral hydraulic pressure as well as a vertical load and the force needed to shear the specimen
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is measured. The test is repeated on two more specimens taken from the same undisturbed
sample and each is subjected to a higher hydraulic pressure before the vertical load is applied.
The results are plotted as Mohr’s circles and the tangent that touches the circles obtained from
all three specimens is drawn from the vertical axis of the graph. The angle that this tangent
subtends from the horizontal determines the increase of shear strength with load.

For non-cohesive soils the shear strength can be measured by the Shear Box Test. A sample
of soil is placed into the box of the apparatus and subjected to a standard load whereby a hor-
izontal force is applied to the lower half of the box until the sample fails under shear.

The magnitude and rate of consolidation of a soil sample can be measured by an Odeometer.
A cylindrical specimen of soil 75 mm in diameter and 18 mm thick is placed in a metal ring and
capped with porous discs. It is then placed in a tray filled with water and subjected to a vertical
load. The load is increased every 24 hours and a time settlement curve is plotted.

Finally a chemical analysis of the soil and any ground water collected in the samples is
undertaken. The main information that needs to be ascertained is the sulphate salt content and
pH value of the soil and ground water.

Self Assessment Question 12

What type of soil will not have an increase of shear strength under load?
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3 Excavation

Introduction

Before foundations can be prepared for the construction of a building, excavations will need to
be dug to accommodate them. The size of these excavations will be dependent on three factors:

● the type of ground;
● the type of foundation;
● the type of building.

Before excavation can commence the shape of the building needs to be established on the
site and the position and depth of excavations needs to be ascertained. A short section on
setting out is therefore included. This topic is covered in more detail in books on site surveying.

In the section on excavation itself, consideration is given to the main types of excavation
undertaken on construction sites before considering the types of excavation plant that is
generally used. Most types of excavation plant are more efficient at certain types of excavation
operations than others and this aspect is considered in the review of each type of plant. The
range of machinery available for excavation operations is immense and some of these machines
may not be particularly suited to residential development sites. The review of machinery
acknowledges this and so only those machines that are likely to be regularly encountered on
residential development sites are considered.

Setting out

Setting out involves transferring details of the positioning of the building from a drawing onto
the site. It requires a number of setting-out lines and pegs. The pegs are positioned away from
construction activities in order to ensure that they remain undisturbed.

Buildings are positioned in relation to roads or other boundary lines. The Building Line is often
established by the local planning authority, in front of which no building work can normally be
undertaken. This therefore signifies the position of the front face of the building. This can be set
out by taking offsets (measurements at 90º) from the road. Corners of the building are denoted
by pegs, which are set out by use of surveying instruments, such as a theodolite, and tape. A
favourite technique for establishing a right-angled corner with the use of a tape is to use the
3–4–5 rule. This uses Pythagoras’s theorem that a triangle having two sides of three and four
units length, respectively and with a hypotenuse of five units length, must have a right angle
that is opposite to the hypotenuse.
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Having set out the shape of the building profile boards will be erected. These denote the
positions of trenches and have the centre lines of walls and foundations marked upon them.
They consist of a horizontal timber rail attached to two vertical timber posts, which are driven
into the ground (see Fig. 3.1).

Not only must the position of trenches be located, but the depths of the excavations must
also be ascertained. The profile boards can therefore be set at a suitable height above the
ground at each end of the trench and a traveller, comprising a vertical standard with a horizontal
cross rail set at the correct height (i.e. the proposed depth of the trench plus the height of the
profile board above the ground level) is then placed on the bottom of the trench and sighted
between the two profile boards. The correct depth of trench is achieved when the two profile
boards and the cross rail of the traveller coincide on the sight line (see Fig. 3.2).

Excavations

There are three main types of excavation on building sites:

● General earthmoving
● Trench excavation
● Bulk excavation

Most excavation undertaken on building sites nowadays is carried out by machine. Hand
excavation is extremely slow and expensive and particular care needs to be exercised with the
safety of construction personnel within excavations. However, there may be certain situations
where hand excavation is more suitable than excavation by machine. This may be where access

Markings for foundation and wall

3.1 Profile board.



to the excavation is particularly difficult for a machine (this is becoming less of a problem as
smaller micro- and mini-excavators are being developed) or where particular obstructions such
as tightly packed service pipes and cables or archaeological remains are likely to be encountered.
There may also be circumstances where the amount of excavation is so small that it would be
uneconomical to use a machine and in these situations hand excavation may be considered
preferable. These situations are likely to be the exception rather than the rule. Each type of
excavation uses its own type of machinery.

General earthmoving

This would involve the following:

● general site clearance operations such as removal of vegetation and rubble;
● stripping of topsoil and mounding it for later use in landscaping operations;
● reduced level dig to reach the formation level for the start of construction;
● cut-and-fill operations where the topography of the site varies.

These operations require a machine that can move soil, vegetation and rubble from a relatively
large area and either push the material into a mound in the corner of the site or be able to load
the material into transport that will remove it from the site. The depth of excavation is relatively
shallow and not likely to exceed 300 mm. Ideal machines for these operations will have a curved
front blade for stripping and pushing material in front of the machine (a bulldozer. See Fig. 3.3)
or have a front bucket that is able to strip soil, grub up vegetation, mound material or load
material into the back of a lorry for removal from the site (a tractor shovel. See Fig. 3.4).

These machines rely on their ‘tractive efficiency’ to put as much of their power as possible into
the stripping and pushing operations that they perform. This relies on the machines being able
to grip the ground that they are travelling over as firmly as possible without slipping. For this
reason most of these machines will have ‘caterpillar’ tracks rather than wheels with pneumatic

Excavation 21

Profile board set at a specific height 
above the trench

Ground level

Traveller cut to length to provide the correct
depth of the trench

3.2 Establishing the correct depth of the trench using a traveller.



tyres. The ‘caterpillar’ tracks also provide enhanced manoeuvrability to the machine, but they
travel at much slower speeds than vehicles with pneumatic tyres and they are unable to travel
on public roads, due to the damage they would do to the road surface, so they need to be trans-
ported to and from site on a low loader.

On very large sites where the topography is such that there may be considerable differences in
the level of the ground across the site, it may be necessary to undertake ‘cut-and-fill’ operations.
This involves removing the surplus soil from the high points and using this to fill the low points in
an attempt to produce a level site. The scraper is an ideal machine for this operation (see Fig. 3.5).
It comprises a large ‘bowl’ that has a front cutting edge that can be lowered to the appropriate
level of cut. The ‘bowl’ is towed around the site by a tractor unit and works on a similar principle
to a pencil sharpener, that is it takes a shaving from the ground as the cutting edge passes over it,
which is then fed into the bowl. The bowl may then have its contents emptied by raising its front
bulkhead and spreading the soil as the machine moves forward. These machines need a very large
turning circle and are therefore not particularly useful on compact sites.

Self Assessment Question 1

Why can caterpillar tracks provide enhanced manoeuvrability to the machine?
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3.4 Tractor shovel.

3.3 Bulldozer.



Trench excavation

Trench excavation involves digging in long lines. The depth of the excavation is generally greater
than its width. On housing sites trenches are dug for the installation of linear foundations or
service pipes and cables. The depth would generally not exceed 2 m and the width would
generally not exceed 600 mm for residential development projects. Suitable machines are the
backhoe, a tractor with a rear bucket having a mechanism similar to the human arm, with joints
at the shoulder, elbow and wrist (see Fig. 3.6). The excavator arm has detachable buckets for
different widths of excavation. The machine has a front bucket for loading loose materials. The
tractor has wheels with pneumatic tyres, which allows it to travel independently between sites
and to move relatively swiftly on site. However these wheels are not particularly suitable in very
muddy conditions. Another disadvantage with this machine is that the depth of dig is confined
to a maximum of approximately 4.5 m and the backhoe can only operate in an 180º arc behind
the machine. Neither of these restrictions limits the use of this machine on most housing sites.

Alternatively, a backactor may be used for trench excavation. This machine has an excavation
arm similar to that of the backhoe but the arm is attached to an operator’s cab that is mounted
on a chassis that has ‘caterpillar’ tracks (see Fig. 3.7). The cab and excavator arm are therefore
able to operate through a 360º arc around the machine and the machine is able to work in poor

Self Assessment Question 2

Why are caterpillar tracks better than wheels for vehicles on muddy sites?
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3.5 Scraper.

3.6 Backhoe.



ground conditions. The excavator arm of the backactor is also capable of digging to greater
depths (up to 9.5 m) and can accommodate much wider bucket sizes than that of the backhoe.
Both the backhoe and backactor are capable of excavating and loading.

For much smaller excavations or for trench excavations in locations that are inaccessible to
larger machines, a variety of mini-excavators and micro-excavators have now been developed
(see Figs 3.8 and 3.9).

For excavating and backfilling shallow and narrow trenches for the installation of service pipes
and cables, the trencher has been developed. This machine operates on the conveyor belt
principle, having a series of small excavating buckets attached to continuous loop chains that
are supported by a boom. The excavated spoil is deposited alongside the trench by plough-
shaped deflectors mounted on the machine. These machines can be adapted to excavate the
trench, lay the service pipe or cable and backfill the spoil in one continuous operation with
considerable speed and accuracy.
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3.7 Backactor.

3.8 Mini-excavator.



Bulk excavation

This involves deeper and wider excavations than those required with trench excavation. On a
residential development project this form of excavation would be used for the construction of
single-storey basements. This aspect will be considered in more detail in the chapter on Single-storey
basements.

If the excavation of the basement is not too large, a backhoe may be able to undertake the
excavation; otherwise a backactor would be used. Another option is to use a face shovel. This
machine is similar to a backactor but the excavator arm works in the opposite direction, away
from the cab (see Fig. 3.10). It operates by digging into the cliff face ahead of the machine and
as it cannot excavate below the level of the machine it must be located at formation level to dig
out a basement. In order to reach the formation level and also to allow the lorries taking the
excavated soil from the site to reach the excavator, the excavation would need to incorporate a
ramp that has a relatively shallow incline. This requires significant space and would normally only
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3.9 Micro-excavator.

3.10 Face shovel.



be available on large basement excavations that are unlikely to be found on residential
development projects.

Earthwork supports

Earthwork supports are used to retain the sides of the excavation to prevent them from
collapsing during the period that the excavation remains open and provide:

● safe conditions for any construction personnel to work within the excavations;
● prevent damage to adjacent structures that could be caused by the excavations;
● enable work to proceed within the excavations without interruption.

In providing support to an excavation a number of factors need to be taken into consideration:

● The nature of the soil – generally non-cohesive soils require more support than cohesive soils do
● The depth of the excavation – shallow excavations need less support than deep excavations
● The width of the excavation – wide excavations will need to be supported in a different way

to that of narrow excavations
● The type of work to be carried out – operations carried out within the excavation will require

working space. The amount required will be dependent on the operations involved
● The moisture content of the ground – soils will require different amounts of support as

changes in their moisture content occur
● The length of time the excavation will be left open – cohesive soils, in particular, may dry out

and start to crumble if the excavation is left open for long periods in dry weather
● The method of excavation – hand excavation will require more support than machine excavation
● The support system used – different methods of excavation support can be installed before,

during or after the excavation
● The removal of the support system – different support systems can be removed either before

or after backfilling operations
● Moving materials into excavations – the working space will need to consider the materials

being moved into and out of the excavation as well as the operations being carried out within
the excavation

● The proximity of existing buildings near the excavation – applied loads from foundations can
stress soils at the sides of excavations

● The use of land adjacent to the excavation for stacking materials – over loading of the ground
by stacking materials close to the excavation can cause stress on soils at the side of the
excavation. Similarly, large vehicles should be prevented from driving too close to the excavation

● Vibration of soils from construction operations or vehicles using adjacent roads – excessive
vibrations can cause soils to move, making the sides of excavation potentially less stable.

It is possible to retain the sides of an excavation without support by sloping the sides of the
excavation to the angle of repose of the soil, which is the natural angle at which the soil will remain
stable without additional support. When soil is tipped into a mound it settles to its natural angle of
repose. This angle will alter according to the type of soil and its moisture content. Because the angle

Self Assessment Question 3

Why should the ramp require a shallow incline?
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of repose can be rather shallow, this method of excavation support does take up a large amount
of space on site and is therefore not frequently adopted. However, this technique can be used on
bulk excavations and is considered in more detail in the chapter on Single-storey basements.

The temporary support generally used in excavations is called planking and strutting and
comprises the following:

● vertical boards called poling boards to the faces of the excavation;
● horizontal boards called sheeting boards to the faces of the excavation;
● horizontal bearers called walings spanning across the poling boards to support them, down

the length of the excavation;
● horizontal struts spanning across the excavation between opposing poling boards or walings

to resist the pressure from the soil;
● tapered wedges used to tighten the struts to the poling boards or walings.

There are four main types of planking and strutting:

● Full or close sheeting
● Half sheeting
● Quarter sheeting
● One-eighth or open sheeting

Full or close sheeting would generally be used in loose wet soils, such as very soft clays or silts
and loose uniform sands or gravels and comprises vertical poling boards driven into the ground
to a depth of 300–600 mm, dependent on conditions, (called runners) and supported by walings
at 1m centres with struts wedged between them at 1.8 m centres horizontally and 1m centres
vertically (see Fig. 3.11).
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150 × 32 mm runners driven into the ground 
300–600 mm dependent on ground conditions

100 × 50 mm walings at 
800–1000 mm centres

75 × 75 mm timber struts at
1.5–1.8 mm centres

3.11 Full or close sheeting.
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152 × 32 mm poling boards

100 × 50 mm waling

75 × 75 mm struts

3.12 Half sheeting.

Half sheeting would generally be used in firm, loose or loose and wet soils, such as soft clays
and silts and compact or loose well-graded sands or gravels and comprises poling boards fixed
alternately along the side of the trench (i.e. the space between boards is equivalent to the width
of one board) supported by walings at 1 m centres with struts wedged between them at 1.8 m
centres horizontally and 1 m centres vertically (see Fig. 3.12).

Quarter sheeting would generally be used in firm soils, such as firm clays and comprises poling
boards with spaces equivalent to two board widths between them, supported by walings at 
1 m centres with struts wedged between them at 2–3 m centres horizontally and 1 m centres
vertically (see Fig. 3.13).

One-eighth or open sheeting would generally be used in hard soils that require little additional
support, such as stiff clays. It comprises poling boards with spaces between them equivalent to
the width of four boards with struts wedged between them (see Fig. 3.14).

Self Assessment Question 5

Assuming the width of a normal poling board is 300 mm what would be the spacing of
poling boards in the following:

(a) Half sheeting?
(b) Quarter sheeting?
(c) One-eighth or open sheeting?

Self Assessment Question 4

Why should the runners need to be driven into the ground at the base of the trench?
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152 × 32 mm poling boards

100 × 50 mm waling

75 × 75 mm struts

3.13 Quarter sheeting.

152 × 32 mm poling boards

100 × 50 mm waling

75 × 75 mm struts

3.14 One-eighth or open sheeting.

Traditionally timber has been used for trench support components, but increasingly steel
trench sheets are replacing timber poling boards and steel telescopic struts are replacing timber
struts and wedges (see Fig. 3.15).



In addition, proprietary hydraulically operated frames, boxes and plate lining systems are
increasingly being used for excavation supports (see Fig. 3.16). They have the advantages of
being quick to install and remove and can be installed from above the excavation without
personnel having to enter an unsupported excavation to install the support system.
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Trench sheet

Telescopic strut

3.15 Steel trench sheets and telescopic struts.

3.16 Proprietary hydraulically operated frame.



4 Foundations

Introduction

In this chapter it is intended to consider foundations suitable for a lightly loaded structure such
as a house. In so doing the interaction between the foundations and the loadbearing walls as
well as the foundations and the soil beneath the building will be considered. In particular the
effect of settlement and the effect of tree roots on foundations will be considered.

The primary function of a foundation is to transmit all dead, live and superimposed loads from
the building to the surrounding ground, such that excessive settlement of the structure and fail-
ure of the soil to support the load is avoided.

Foundations should be constructed at such a depth as to avoid damage by swelling, shrink-
age or freezing of the subsoil and be capable of resisting attack by sulphate salts that may be
present in the soil. The effect of sulphate salts on concrete foundations will be considered fur-
ther in the chapter on Concrete.

Choice of foundation

The choice of foundation for a particular house depends mainly on three factors:

● the total load of the building;
● the nature and bearing capacity of the sub-soil;
● the amount of settlement produced by the loading.

The total load of the building

As discussed in the chapter on Introduction to building technology, there are three main types
of loading on a building: dead load, live load and superimposed load. The total load on the
foundations is summated from these individual loads. It is assumed that the loading imposed by
a house on its foundations is uniform all around its perimeter. This is not strictly correct, since
live loadings from floors and superimposed loadings from roofs will only be borne by the walls
that these elements bear upon. However, to reduce the complexity of calculating individual
loadings for each section of the external walls of a house, it is easier to take the worst case
scenario (i.e. the wall experiencing the greatest sum of loads) and assume that all other walls
are experiencing the same load. If the load is assumed to be uniform, then it is not necessary to
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add up all the loads for the entire perimeter of the house. If a sample 1 m of the external wall
is taken, then the total load on that section of wall can be determined and the foundation
needed to support that section of wall can be calculated. This design can then be applied to the
rest of the foundations for the house in question.

The nature and bearing capacity of the sub-soil

As discussed in the chapter on Site investigation and the type of ground, the nature and bearing
capacity of the sub-soil (i.e. the soil beneath the topsoil) varies with the type of soil, its degree
of compressibility and the amount of moisture in the soil. In addition, cohesive soils, particularly
clays, can be subject to seasonal movement up to a depth of 1 m. These soils may be subjected
to shrinkage or contraction in summer months and swelling or expansion during winter months.

The amount of settlement produced by the loading

Soil is compressible to varying degrees. As a load is applied to a foundation then the soil beneath
the foundation will be compressed, the water and air in the voids between the particles will be
squeezed out and the foundation will settle. This process of consolidation will continue until the
forces between the particles are equal to the applied load. The speed of this consolidation or
settlement is determined by the speed of the migration of the water and air from between the
soil particles. Foundations built on sands therefore settle relatively rapidly, whilst the settlement
of foundations built on clay soils is much slower and can last for a number of years.

Soils that are close to the surface are likely to be more compressible than those at greater
depths, simply because deeper soils have been compressed by the weight of the soil above
them. If the applied load on a clay soil is reduced by excavation, water tends to move to the
unloaded areas and swelling of the soil occurs.

Peats and other soils containing a lot of organic matter shrink and swell easily as their water
content changes. They are very compressible and settle readily even under light loading. Made
up ground behaves in a similar manner unless the material is well graded, carefully placed and
properly compacted in thin layers. Shallow foundations should not be used on sites consisting
of made up ground.

Slight settlement should not cause problems to the structure of the building. Excessive
settlement may cause shear failure of the soil.

Settlement must also be uniform throughout the building; otherwise damage may result from
differential settlement. The amount of differential movement between parts of a building must
be kept within acceptable limits.

Self Assessment Question 2

Why should seasonal movement be confined to 1 m below ground level?

Self Assessment Question 1

Why should a 1 m sample of wall be taken to calculate the size of the foundation to
support it?
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Types of foundation

Foundations may be divided into two broad categories:

● Shallow foundations
● Deep foundations

Shallow foundations

These may be strip, pad or raft foundations. They are described as shallow foundations because
they transfer the load of the building to the sub-soil at a level close to the surface. They are
nearly always the cheapest to install and are generally used where sufficient depth of strong sub-
soil exists near the surface of the ground. The foundation needs to be designed so that the soil
is not overstressed and so that the pressure on the sub-soil beneath is equal at all points in order
to avoid unequal settlement.

If a diagram were to be drawn linking the points of equal pressure within the soil beneath a
foundation it would resemble a circular ‘bulb’ emanating from the base of the foundation 
and extending into the ground for a considerable depth. This distribution of pressure into
the ground may be likened to sound waves emanating from a loudspeaker. The intensity of the
sound decreases as the sound waves travel further away from the source. When considering
the pressure on the soil from the foundation, the ‘source’ of the pressure can be considered to
be the base of the foundation; the wider this is the greater will be the width and depth of
the bulbs of pressure emanating from the source. It is generally regarded that pressures on the
ground of less than one-fifth of those imparted at the surface will be negligible (i.e. if the surface
pressure is 1 p the least significant pressure will be 0.2 p). This 0.2 p pressure bulb will extend into
the ground to a depth equivalent to one-and-a-half times the width of the foundation (see Fig. 4.1).

Overstressing of the ground beneath is avoided by providing sufficient area of foundation.
Consider footprints in the sand. A man weighing 90 kgs, with a heel size of 50 mm x 50 mm would
impart a force of 0.35 N/mm2 on the sand. A woman weighing 60 kgs, but with a heel size of
5 mm x 5 mm would impart a force of 23.5 N/mm2 on the sand. It is clear from this that the
woman’s heel would make the deeper imprint into the sand, even though the load (i.e. the weight
of the person) was less than that of the man. The important thing to consider here is not so much
the load but the area that the load is being transferred to the ground over (i.e. the load per unit area).

Unequal settlement is avoided by ensuring that the centre of gravity of the applied load
coincides with the centre of area of the foundation. If these two points do not coincide then the
foundation will be unbalanced causing it to tip and to overstress the ground on one side of the
foundation to a greater extent than on the other less loaded side.

Traditional strip foundations

These consist of a strip of concrete under a continuous wall that carries a uniformly distributed
load (i.e. the load from the wall onto the foundations should be the same all the way along the
length of the wall). The imposed load is therefore considered as a load per metre run of

Self Assessment Question 3

Why is excessive differential settlement harmful to a building?
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loadbearing wall. The width of the strip of concrete in the foundation is related to the imposed
load from the building, via the loadbearing wall, and the bearing capacity of the soil. The
bearing capacity of the soil is considered to be the load the soil is capable of carrying without
excessive settlement per unit area of foundation.

Required width of foundation (metres) �
Load per metre run of wall (kN/m)
Bearing capacity per m2 area of soil (kN/m2)

A Factor of Safety figure would normally be attached to this calculation to take account of
exceptional circumstances when the usual imposed loading from the building was increased. By
taking this figure into account in the calculations, the size of the foundation would always be
large enough to transfer the exceptional load safely to the ground beneath. Exceptional loading
may occur, for instance, where a party is being held in the house and the live loading from the
people in the house increases substantially. A Factor of Safety figure of 2 effectively increases
the total imposed load by a factor of 2 (i.e. doubles it) and thus doubles the width of the strip
foundation for the same soil-bearing capacity. However, for most domestic properties a Factor
of Safety of 1.5 should be sufficient.

In cases of light loading on reasonably strong soils, a strip no wider than the width of the wall
need be provided. In practice, however, some spread is usually provided to allow working room
for the bricklayers building the walls (see Fig. 4.2).

The Building Regulations Approved Document A, Section 1E3 stipulates minimum widths of
strip foundations according to soil type and loads being carried, to ensure that the loads exerted

Self Assessment Question 4

Calculate the width of a strip foundation for a house with a total imposed loading of 
40 kN/m run of loadbearing wall, constructed on soil having a safe bearing capacity of
120 kN/m2 and using a Factor of Safety of 1.5.

0.2 p bulb of pressure extends into the ground
1.5 times the breadth of the foundation

4.1 Bulbs of pressure.
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on the soil are within its maximum bearing capacity. These minimum widths are often likely to
be greater than those determined by the calculation method previously described. This is
because the Building Regulations will consider the poorest loadbearing capacity for a particular
soil in order to ensure that all foundations designed to bear onto that soil type would be
adequate. Designers do not have to use the minimum width of foundation stipulated in the
Building Regulations, but they must be able to provide calculations to show that the foundation
that they have designed will safely carry the imposed load without failure.

However, where a mechanical excavator is being used to dig the trench for the foundation, the
width of the trench and therefore the width of the foundation will often be dictated by the size
of the bucket used on the excavator. This is acceptable provided it does not produce a foundation
width that is narrower than that determined by calculation or by the requirements suggested
within the Building Regulations, where these are used to determine the width of the foundation.

Where the edges of the foundation project beyond the faces of the wall being supported,
bending will occur in the concrete of the foundation as a result of the resistance produced by
the soil to the imposed load that the foundation is transferring to the soil (see Fig. 4.3).

If this bending is excessive, failure of the foundation due to shear stresses may result. To
prevent this occurring, the foundation should be constructed of an adequate thickness such that
the line of shear failure (normally sloping down at an angle of 45º from the base of the wall)
does not affect the functioning of the foundation. Thus, in order to keep the shear plane entirely
within the width of the foundation the thickness of the foundation should be at least equal to
the width of projection of the foundation from the base of the wall (see Fig. 4.4).

Self Assessment Question 5

What would be the minimum thickness of a strip foundation 600 mm wide that is 
supporting a 300 mm wall located centrally upon it?

4.2 Traditional strip foundation.

50 mm concrete blinding

600 × 200 mm concrete strip foundation

150 mm compacted hardcore bed

50 mm sand blinding

1200 gauge damp proof membrane

50 mm insulation

150 mm concrete floor slab

50 mm cement : sand screed

Ground level

Damp proof course

Solid 1B loadbearing wall
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Angle should not be greater than
45°° to overcome shear failure

4.4 Design of foundation to prevent shear failure.

Shear failure of the foundation may occur
if the foundation is excessively wide in
comparison to its thickness

4.3 Lines of shear failure on wide and thin foundation.

The Building Regulations Approved Document A, Section 1E2 also stipulates that the minimum
thickness of a strip foundation should be 150 mm. This, of course, may be greater where the
projection of the edge of the foundation from the base of the wall is greater than 150 mm.

Wide strip foundations

Where strip foundations are too wide to economically increase their thickness in line with the
‘45º rule’, the lower part of the concrete foundation must be reinforced with high tensile steel
reinforcement rods to combat the tensile stresses set up by the bending tendency induced by
the soil’s reaction to the imposed loading. These are known as wide strip foundations 
(see Fig. 4.5).
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For un-reinforced strip foundations a concrete mix of 1 : 3: 6 (1 part cement to 3 parts fine
aggregate to 6 parts coarse aggregate) with a 38–50 mm maximum-sized coarse aggregate is
normally acceptable. For reinforced foundations, however, a stronger mix of 1 : 2 : 4 with a
maximum-sized coarse aggregate of 20–38 mm should be provided. Concrete mix proportions
will be considered in more detail in the chapter on Concrete. The foundation concrete should
be well compacted in layers and a suitable ‘blinding’ layer of concrete 50 mm in thickness should
be laid on the base of the excavated trench, to even out any discrepancies in the level of the
soil, before the foundations are laid.

Deep strip foundations

In firm clays the sub-soil is capable of carrying substantial loads and may only require a
foundation to be slightly wider than the wall it is supporting. The foundation still needs to be
deep enough to overcome the problems of seasonal changes in the moisture content of the sub-
soil. A deep, narrow foundation, perhaps 350 mm wide and 1.5 m deep, can then be
constructed (see Fig. 4.6). Because the trench is so narrow it would be impossible to excavate
the trench by hand or construct brickwork footings up to ground level within the trench. It is
therefore easier to excavate the trench by machine and to fill the completed trench with
concrete to within a short distance of the ground.

To enable this kind of foundation to be used, the soil must be firm enough to be self-
supporting so that earthwork support systems can be dispensed with and the amount of
excavation must be extensive enough to make the use of a machine economic.

Self Assessment Question 6

Apart from the firmness of the soil, why else could earthwork support systems be 
dispensed with in trenches for this type of foundation?

150 mm solid concrete floor slab

50 mm insulation

1200 gauge damp proof membrane

50 mm sand blinding

150 mm compacted hardcore bed

Solid 1B loadbearing wall

Damp proof course

Ground level

1000 × 200 mm concrete
wide strip foundation

50 mm concrete blinding

Steel reinforcement bars

50 mm sand : cement screed

4.5 Wide strip foundation.
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925 × 350 mm deep strip foundation

150 mm compacted hardcore bed

150 mm concrete floor slab

Damp proof membrane
50 mm insulation
50 mm sand : cement screed

100 mm concrete block internal leaf

25 mm cavity insulation

Half brick external leaf

Damp proof course

Ground level

4.6 Deep strip foundation.

Brickwork to wall

Concrete strip foundation

Overlap not less than the thickness
of the foundation or twice the height
of the step. Min. 300 mm

4.7 Stepped foundation.

Stepped foundations

It is important to ensure that the foundations to a building bear horizontally onto the ground.
If they do not there is a possibility of them sliding when the ground beneath is lubricated by
excess water. It is also difficult to prevent the applied load from overstressing the ‘leading edge’
of the foundation where it is not on a level plane. On a sloping site, therefore, this will entail
the foundations at the top of the slope being positioned deep in the ground in order to be level
with those at the bottom of the slope, or the ground will need to be excavated to the same level
over the entire area of the building. Both these methods would involve substantial extra
excavation and would be expensive.

An alternative method is to step the foundations parallel to the slope of the ground. To
prevent differential settlement in a stepped traditional strip foundation, the height of the steps
should not exceed the thickness of the foundation (see Fig. 4.7). At each step the higher
foundation should overlap the lower foundation for a distance equal to the thickness of the
foundation, or twice the height of the step, whichever is the greater, and should not be less that
300 mm (Building Regulations Approved Document A, Section 1E2).
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Raft slab foundations

Where no firm soil exists at a reasonable depth below the surface, the width of the strip foundations
becomes so large that they combine. The foundation thus becomes a large reinforced concrete slab
covering the whole area of the building and constructed just below the surface of the ground. The
foundation works on the principle that by widening the area that the load is being imposed onto
the ground, the load per unit area will be reduced to a level that can safely be supported by the
ground beneath (refer to the example of the footprints in the sand considered earlier).

The slab produced may be used as a ground floor slab and is lightly reinforced with fabric mesh
reinforcement to counteract stresses formed within the foundation by the transfer of loads to the
sub-soil and the soil’s reaction to those loads. The slab is thickened beneath areas where loads
are imposed (i.e. loadbearing walls) and may resemble a traditional strip or deep strip foundation
at these points (see Figs 4.8 and 4.9). The reinforcement in these areas needs to be in the lower
part of the slab, where the tensile stresses are greatest. However, between these points of load-
ing, the stress distribution within the slab is reversed and the tensile stresses are greatest near the
top of the slab, necessitating the location of the main reinforcement at this point.

At the edge of the building the raft slab should be extended to protect the soil beneath the
external walls from possible frost action. This ‘apron’ may be just 300 mm wide in sandy soils,
but as wide as 1.5 m in clay soils (see Fig. 4.8).

Self Assessment Question 8

Why is the soil at the edge of the building beneath a raft slab foundation vulnerable to
frost action?

Self Assessment Question 7

A traditional strip stepped foundation is being designed. The calculated size of the strip
foundation is 550 mm wide x 200 mm thick. What would be the maximum height of
each step and the minimum overlap of the higher foundation to the lower foundation
at each step?

25 mm cavity insulation

Half brick extermal leaf

Damp proof course

Movement joint

75 mm concrete
 apron 1 m wide

300 mm thick × 450 mm wide edge beam 
to reinforced concrete slab raft

50 mm concrete blinding

150 mm thick lightweight concrete
internal leaf

50 mm cement : 
sand  screed

50 mm insulation
Damp proof 
membrane

4.8 Raft slab foundation with shallow edge beam.
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Deep foundations

These are used where firm soils do not exist at a level close to the surface of the ground, but do
exist at a much lower depth. Thus deep foundations are used to transfer the loads of the building
through the poor loadbearing strata down to the higher loadbearing strata beneath. Obviously the
deeper the foundation has to be taken in order to reach this higher loadbearing stratum, the higher
will be the cost of installing the foundation. For domestic construction, therefore, the maximum
depth of a deep foundation will be approximately 4 m. A short-bored pile foundation is suitable.

This consists of a column of concrete, poured within a cylindrical shaft bored by an auger and
extending to the higher loadbearing capacity sub-soil. The auger may take the form of a large
helically shaped drill, mounted on the back of a lorry or tractor. Alternatively it may be a cylinder
with a cutting edge that can be dropped from a small tripod stand. The weight of the cylinder
allows a quantity of soil to be cut forming the shaft. This cut soil can be removed when the
cylindrical cutter is raised to the surface. This technique is useful where space is particularly
limited for forming the pile shaft.

A reinforced concrete beam supports the loadbearing wall over the piles and links all the piles
together. The ground beam is reinforced in its lower part and, in order to maintain continuity in the
transfer of loading from the ground beam into the piles, the reinforcement is also embedded in the
top section of each pile. The piles are normally 250–350 mm in diameter, between 2.0–4.0 m in
length and spaced at 1.8–2.5 m centres or more frequently at points of high load (such as under
fireplace flues and at reveals of windows and doors) and at corners of buildings (see Fig. 4.10).

Little excavation is performed with this type of foundation and in ground where a high water
table exists and trench excavation is difficult, this type of foundation may be considered ideal.

Self Assessment Question 9

If the higher loadbearing stratum is deeper than 4 m, what would be the most
appropriate choice of foundation?

25 mm cavity insulation

150 mm lightweight concrete block inner leaf

50 mm cement : sand screed
50 mm insulation
Damp proof membrane
150 mm reinforced concrete raft slab
50 mm concrete blinding

800 × 300 mm deep concrete edge beam

Damp proof course

Half brick outer leaf

4.9 Raft slab foundation with deep edge beam.
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An alternative system is also available that combines short-bored or driven pile foundations
with a reinforced concrete slab, stiffened at its edges by a reinforced concrete beam.

The effect of trees on foundations

The roots of plants take water from the soil during periods of low rainfall. This may occur up to
a depth of 5 m beneath large trees and cause soil shrinkage of up to 100 mm measured at the
surface of the ground.

A building constructed on shallow foundations close to existing trees may be liable to
seasonal movement or even long-term settlement dependent on root growth. Even where
construction occurs on sites where there are no existing trees, any new trees that are planted
may also affect the foundations of the houses located nearby.

As a rough guide, buildings constructed on shallow foundations should not be located closer
to trees than the mature height of that tree. New trees should also not be planted adjacent to
buildings inside this distance (Building Research Establishment Digests 63 and 67).

The problem is more pronounced in shrinkable clay soils, which are often found in the South
East corner of England. Where shrinkable clay soils exist and there is the possibility that tree
roots could cause excessive shrinkage of the soil around the foundations during periods of dry
weather, a short-bored pile foundation may be advisable. In areas where shrinkable clay sub-soils
are not a significant problem, but the proximity of nearby trees is a concern, the foundations
may be of the deep strip variety. Alternatively a trench of width similar to that used for
traditional strip foundations but filled with concrete and called a ‘trench fill’ foundation may be
utilised. The depth of these foundations will be dependent on factors such as the type of soil
and the likely water demand of the nearby trees. Figures for these depths of foundation are
available, published by the National House-Building Council. Generally though, if a foundation
depth greater than 2 m is required, it is likely that a short-bored pile foundation will be chosen
rather than a deep strip or trench fill foundation.

150 mm lightweight concrete block internal leaf

50 mm cement : sand screed

50 mm insulation
Damp proof membrane

150 mm concrete ground floor slab

150 mm compacted hardcore bed

25 mm cavity insulation

Half brick external leaf

Ground level

400 × 200 mm reinforced concrete 
ground beam
85 mm compressible board

Continutiy reinforcement

300 mm diameter short bored pile
3–4.5 m long at 1.8–2.5 m spacings

4.10 Short-bored pile foundation.
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When trees are felled the clay soil should be given sufficient time to regain the water lost by
the action of the roots, so that subsequent swelling will not lift the foundations of the new
building. This swelling can be of the order of 6 mm per year over a period of ten years. To
prevent this swelling action from damaging the foundations the ground beams of short-bored
pile foundations and the sides of deep strip or trench fill foundations should be surrounded with
a compressible material to absorb the stresses created by the swelling of the soil. Traditionally
this compressible material has been ash or something similar; however a modern alternative is
‘clayboard’.



5 Concrete

Introduction

Concrete is a mixture of cement, fine aggregates, such as sand, coarse aggregates, such as
gravel and crushed rock, and water, combined together in the correct proportions to give a
strong, dense, homogeneous material which can be easily moulded to desired shapes and is
ideally suited for the manufacture of structural components.

The cement provides the setting and hardening element to the concrete. The water performs
two main functions. First, it allows the cement to hydrate, which is the chemical reaction between
cement and water allowing the cement to set and harden. Second, water is also included in a
concrete mix to provide workability to the mix. This enables the constituent materials to be mixed
together easily and to be placed in position and compacted easily. The coarse aggregates provide
bulk to the concrete mix and also contribute towards the final strength of the concrete. The fine
aggregates fill in the spaces between the coarse aggregate particles, making the concrete denser
and less porous. They also combine with the cement and water to produce a grout that can
provide a smooth surface finish to the concrete when it has set.

In this chapter consideration will be given to the functional requirements of concrete, the
types of cement, the types of aggregates, both coarse and fine, dense and lightweight, 
the design of concrete mixes, the achievement of workability, the water to cement ratio, the
aggregate to cement ratio and the grading of aggregates.

Functional requirements

Concrete has to achieve four main functional requirements:

● Strength – If the concrete is to be used as a structural material it must be strong enough to
resist the stresses imposed upon it by the load. The strength of the concrete is normally
influenced by the proportioning of the materials and the type of coarse aggregate used.
Concrete has high compressive strength but is relatively weak in tension. Therefore where
concrete structural components need to be strong in both compression and tension, steel
reinforcement bars or a fabric mesh is added to the concrete member in positions where
tensile forces are likely to be concentrated when the member is loaded. Steel has good
tensile strength and the combination of concrete and steel in a reinforced concrete member
will enable that member to support heavy structural loads.
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● Durability – Where concrete is exposed to the external climate it will need to be weather
resistant and frost resistant. In these situations the porosity of the concrete will need to be
minimised. This can be adjusted by the proportioning of materials within the mix, the grading
and type of aggregates in the mix, the amount of water used in the mix and the degree of
compaction of the concrete when it is placed. Where concrete is used in structures that are
buried in the ground it is necessary to consider whether materials present in the ground, such
as sulphate salts, may have a detrimental effect on the concrete. Where high amounts of
sulphate salts exist it is necessary to consider the selection of a cement with sulphate-resisting
properties for the concrete. Where steel reinforcement is used in reinforced concrete mem-
bers it will need to be protected from corrosion by providing a cover of concrete. The amount
of cover required will depend on the location of the concrete member.

● Fire resistance – Concrete has good fire-resisting properties. Where steel reinforcement is
used in reinforced concrete members, it will need to be protected by a cover of concrete.
The amount of cover required will be dependent on the amount of fire resistance required. The
fire resistance of concrete can be enhanced by the use of aggregates such as blastfurnace
slag, crushed bricks or lightweight aggregates.

● Thermal insulation – The thermal insulation capabilities of concrete can be improved by the
use of lightweight aggregates instead of dense aggregates. These aggregates contain more
air, which is a good thermal insulator. Other ways in which more air can be introduced to
the concrete is by the use of air entrainment. This can be achieved by adding a material to the
concrete mix that will react with the water in the mix and produce a number of air bubbles
that will be ‘locked in’ to the concrete when it has set. Increasing the thermal insulation
capabilities of a concrete mix is also likely to increase the porosity of the concrete. This may
not be desirable in some situations.

The achievement of these properties depends upon the choice and proportioning of the
constituent materials in the mix, as well as good workmanship in mixing. Not all of the above
properties may be required by one particular concrete.

Cements

These provide the setting and hardening element to the concrete. Cement provides strength and
is an hydraulic material, that is it requires the presence of water, not air, in order to hydrate.

There are two parts to the reaction between cement and water. An initial chemical set is
followed by a long hydration period, in which the cement gains its final strength. Heat is produced
during the setting process and this may need to be controlled if cracking is to be prevented.

Cements are manufactured in three main types:

● Portland cements
● Supersulphated cements
● High Alumina cements

Portland cements

These are manufactured by calcining together a slurry of clay containing silica, alumina and iron
oxide, with limestone in a rotating furnace. The resulting clinker is then ground with a small
proportion of gypsum to aid setting. Most Portland cements are manufactured to the
requirements of BS 12 Specification for Portland Cement.

There are four main chemical compounds in Portland cements, which are shown in Table 5.1.
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Portland cement is the most commonly used of the three main types and it is available in a
variety of sub types for different end uses:

● Ordinary Portland cement (OPC) – This is the most common sub-type. Its setting time and
strength development is good enough for most uses.

● Rapid hardening Portland cement (RHPC) – This develops strength more rapidly than OPC
and therefore earlier striking of formwork is possible. The cement is similar in composition to
OPC but it is more finely ground. This does not affect the setting time, however, so concretes
made with this cement have similar periods in which they remain workable as do concretes
made with OPC.

● Ultra rapid hardening Portland cement – This is very finely ground cement (even more finely
ground than RHPC) with a high proportion of Gypsum. The initial development of strength
is great.

● Sulphate-resisting Portland cement (SRPC) – This cement has a modified chemical composition
whereby the Tricalcium Aluminate (C3A) content is limited. It is the hydration product of this
compound in most cements that is susceptible to attack by sulphate salts, which may be
present in high concentrations in some soils. The sulphate salts in the soil react with the
hydrated Tricalcium Aluminate present in the hardened cement within the concrete causing
the growth of a crystalline mineral that causes the cement within the concrete to expand. This
expansion can ultimately disrupt the concrete, causing it to crumble. It is manufactured to the
requirements of BS 4027 Specification for sulphate resisting Portland cement.

● Portland blastfurnace cement – This is made by grinding a mixture of granulated blastfurnace
slag with OPC clinker. It has lower strength development than OPC but better sulphate
resistance (though not as good as SRPC) and is often specified when large masses are to be
concreted. It is manufactured to the requirements of BS EN 197–4 Cement – Part 4.

Self Assessment Question 2

Why should the strength development of concrete using portland blastfurnace cement
be slower than that for concrete using OPC?

Self Assessment Question 1

Why should finer grinding of the cement improve the initial development of strength in
a concrete?

Table 5.1 Constituent materials of Portland cements.

Chemical name Empirical formula Shorthand formula

Tricalcium Silicate Ca3 SiO5 C3S
Dicalcium Silicate Ca2 SiO4 C2S
Tricalcium Aluminate Ca3 Al2O6 C3A
Calcium Aluminoferrite 2Ca2 AlFeO5 C4AF
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● Low-heat Portland cement – This cement contains less Tricalcium Silicate (C3S) and more
Dicalcium Silicate (C2S) than OPC. This slows down the rate of hydration and, consequently,
the rate of strength development. Again it is often specified where large masses are to be
concreted. It is manufactured to the requirements of BS 1370 Specification for low heat
Portland cement. A Low-heat Portland blastfurnace cement is also available which combines
the features of Portland blastfurnace cement and Low-heat Portland cement. It is
manufactured to the requirements of BS 4246 Specification for high slag blastfurnace cement.

● White Portland cement – This is made by carefully selecting raw materials such as china clay
and high-grade chalk, which are free from colour forming impurities such as Iron Oxide. The
heat used in the manufacturing process is also closely controlled. The resulting cement is
primarily used where white concrete is required to provide a visual effect.

● Coloured Portland cements – These are based on white or ordinary Portland cement with
5–10 per cent coloured pigments. The pigment dilutes the active cement in a specific volume;
thus a greater cement content is required in a mix to achieve the required final strength.

● Water-repellent cement – Special additives are added to OPC to make this cement less
permeable to water and this property is encompassed in the resulting concrete. However
good mix control is important for this to be successfully achieved.

● Hydrophobic cement – This cement has been developed to prevent partial hydration of
cement during storage in humid conditions (so called ‘air setting’). Additives form a water-
repellent film around each particle, which is rubbed off in the mixing process.

The minimum compressive strength for the various types of Portland cements is shown in
Table 5.2

Self Assessment Question 4

Why should good mix control be important when using water-repellent cement in a
waterproof concrete mix?

Self Assessment Question 3

Why should cements with a slower rate of early strength development be more suitable
for concrete used in mass structures than cements with a high rate of early strength
development?

Table 5.2 Minimum compressive strength in N/mm2 for Portland cements.

Type of Portland cement 3 days 7 days 28 days

Ordinary 13 — 29
Rapid hardening 18 — 33
Sulphate resisting 8 14 —
Low heat 5 — 19
Blastfurnace 8 14 22
Low heat blastfurnace 3 7 14
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Supersulphated cement

This cement is made by grinding together granulated blastfurnace slag with Calcium Sulphate
and Portland cement clinker approximately in the proportions of 17 : 2 : 1 as specified in BS 4248
Supersulphated cement. It has a very low C3A content and thus has resistance to sulphate attack.
It also has high resistance to acid and alkali attack. As would be expected its development of early
strength is slow and thus the rate of heat evolution is also slow. This can have a significant effect
in cold weather and in these conditions low temperature steam curing may be advantageous.

High Alumina cement

This cement is manufactured by fusing together Limestone and Bauxite in reverberatory
furnaces. The ‘pigs’ thus produced are broken and ground to produce the resultant cement as
specified in BS 915 Specification for high Alumina cement. It develops an extremely high early
strength, which allows for early loading, but the rate of heat evolution is also high and this may
need to be checked by cooling the concrete during curing. Concrete incorporating High
Alumina cement has high sulphate resistance, high resistance to acids (but not alkalis) and 
it has good abrasion and impact resistance but is approximately three times more expensive
than OPC.

Following the reporting, in the early 1970s, of structural failures amongst pre-stressed
concrete members which used High Alumina cement in their manufacture, it was discovered
that when concrete using High Alumina cement reaches temperatures of around 30ºC in moist
conditions, the hydrates which are present in the cement transform from a hexagonal structure
to a cubic structure. As this change to the crystalline structure within the cement occurs, water
is liberated. This water reacts with Carbon Dioxide present in the atmosphere and free alkalis
present in the cement to form alkali carbonates. These then attack and decompose the Calcium
Aluminate hydrates that are the main bonding agents in the concrete. The reaction can continue
until the mechanical properties of the concrete have been virtually destroyed.

This problem can be overcome by proper mix design and curing of the concrete, but the
results of incorrect mix design and curing can be so catastrophic that High Alumina cement is
no longer specified for structural concrete.

Supersulphated and High Alumina cements are only specified when their special
characteristics are particularly desirable in the finished concrete. They must not be mixed
together or mixed with any other cement.

Aggregates

Although it is quite possible to produce a concrete that is simply a mixture of cement and water,
the resulting material would be extremely expensive and suffer from quite high amounts of
drying shrinkage, coupled with poor durability. To reduce these adverse features, organic matter
in the form of aggregates is added to the concrete mixture.

Self Assessment Question 5

Suggest a suitable cement that could be used in concrete for a mass foundation in soil
that has a S03 content of 0.9 per cent (i.e. 90 g of Sulphur Trioxide per litre of ground
water) and a pH value of 4.5.
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These aggregates make up a substantial proportion of a concrete mix and should not react
adversely with the cement, nor should they become unstable when subjected to changes in their
moisture content. The shape and surface texture of the aggregate particles and their grading are
important factors that will influence the workability and final strength of the concrete.

Aggregates fall into two main categories related to their particle size: fine aggregates made
up of material that will pass a BS 5 mm sieve (i.e. the particles are smaller than 5 mm in
diameter) and coarse aggregates made up of larger particles. The coarse aggregates generally
contribute to the strength of the finished concrete whilst the fine aggregates help to create a
smooth surface finish.

Aggregates may also be classified by their density. Dense aggregates are those that have a
density greater than 960 kg/m3 for coarse aggregates and 1200 kg/m3 for fine aggregates.
Aggregates with densities below these values are classified as lightweight aggregates.

Dense aggregates

These are usually obtained from natural sources such as washed gravels and crushed rocks,
graded according to limits specified by BS EN 12620 Aggregates for concrete (including grano-
lithic). Washed sands for fine aggregates are graded in zones according to particle size. Zone 1
is the coarsest and zone 4 is the finest. Natural sands tend to fall into zones 3 and 4 whilst sands
derived from crushed rock tend to fall into zones 1 and 2.

Air-cooled blastfurnace slag coarse aggregate is a by-product from the manufacture of pig iron
and is covered by BS 6699 Specification for ground granulated blast furance slag for use with
Portland cement. It gives similar strength characteristics to the concrete as other dense aggregates
but also provides good fire resistance. Crushed brick aggregate also has good fire resistance.

Lightweight aggregates

There are several types of lightweight aggregates in common use, each having its own
characteristics of particle shape and surface texture. They all tend to be cellular in structure and
it is the presence of this air that reduces their density.

Lightweight aggregate concretes give better fire resistance and thermal insulation values than
most concretes manufactured from natural dense aggregates. They do, however, have a high
drying shrinkage and are therefore more susceptible to shrinkage cracking than their denser
counterparts.

Self Assessment Question 7

Why should blastfurnace slag and crushed brick aggregates have better fire resistance
than natural gravel aggregates?

Self Assessment Question 6

What is meant by the term ‘grading’ when applied to aggregates and why should it be
important?
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The angularity and rough surface texture of the lightweight aggregate particles also leads
to poorer workability of the concrete mix. The higher porosity of lightweight aggregate concretes
tends to retard their natural weather resistance and durability. Lightweight aggregate
concretes generally have lower crushing strengths than their denser aggregate counterparts.
The types of lightweight aggregate in common use are as follows:

Furnace clinker – These are well-burnt residues from furnace fuels that have been fused or
sintered into lumps. BS 3797 Specification for lightweight aggregates for masonry units and
structural concrete.

Foamed blastfurnace slag – This is molten slag that has been treated with water to pro-
duce a cellular dry product, which is then crushed and graded to requirements. BS 3797
specifies maximum densities of 800 kg/m3 for coarse aggregate and 1120 kg/m3 for fine
aggregate.

Exfoliated vermiculite – Vermiculite resembles Mica and consists of many layers of flakes. These
flakes open out, or exfoliate, when the aggregate particles are heated to a high temperature.
BS 3797 Specification for lightweight aggregates for masonry units and structural concrete
specifies a maximum density of 130 kg/m3.

Expanded perlite – This is a volcanic rock that expands to form a cellular material when heated.
BS 3797 specifies a maximum density of 240 kg/m3.

Pumice – This is cooled volcanic lava that is crushed, washed and graded. BS 3797 specifies a
maximum density of 960 kg/m3 for coarse aggregate and 1200 kg/m3 for fine aggregate.

Expanded clay and shale – Certain clays and shales expand, on heating, to form a cellular mate-
rial. The process is carried out in rotary kilns so the aggregates that are formed resemble
rounded pellets. BS 3797 specifies a maximum density of 960 kg/m3 for coarse aggregate and
1200 kg/m3 for fine aggregate.

Sintered pulverised fuel ash – Pulverised Fuel Ash (PFA) is a residue from the burning of powdered
coal in coal fired power stations. The ash is moistened, formed into pellets and then fired at high
temperatures to form hard cellular pellets, which are then crushed and graded. BS 3797 speci-
fies a maximum density of 960 kg/m3 for coarse aggregate and 1200 kg/m3 for fine aggregate.

The design of concrete mixes

General principles

Concrete must be strong enough when hardened to resist the stresses to which it is to be
subjected. It must also be able to withstand the action of weather if it is to be used externally.
In addition, when freshly mixed, it must be easily handled without segregation of the aggregates
and be easily compacted in position. In general, the more it is compacted the greater will be its
resultant strength and durability. These properties are also affected by the water: cement ratio
of the concrete.

To obtain a dense concrete the air voids in the finished product should be a minimum. This is
achieved by proportioning the aggregates, cement and water, such that the mix is sufficiently

Self Assessment Question 8

Why should lightweight aggregate concretes have a higher drying shrinkage than dense
aggregate concretes?
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workable to be properly compacted. Excess water in the mix will lead to a weaker and less
durable concrete, since the excess water will evaporate during the drying process, leaving air
voids in the concrete.

Normally there is approximately twice the quantity of coarse aggregates to fine aggregates in
a concrete mix. The overall grading of the aggregate has an effect on the amount of water
added since ‘fine’ gradings (i.e. a greater proportion of fine aggregates to coarse aggregates
than normal) require more water than ‘coarse’ gradings (i.e. a greater proportion of coarse
aggregates to fine aggregates than normal) to achieve the same degree of workability.

Concrete mixes are usually specified by the proportions of materials they contain (i.e. 1 part
cement to 2 parts fine aggregate to 4 parts coarse aggregate) or in terms of their compressive
strength required at a particular age (i.e. 30 N/mm2 at 28 days). Proportions are more correctly
specified by weight than by volume.

The water : cement ratio

This is the volume of water in a mix, expressed as a ratio to the weight of cement. 
A water : cement ratio of 0.45 would indicate that 0.45 litres of water were added for every 1 kg
of cement in the mix (this is based on the premise that 1litre of water weighs 1 kg). The total
weight of water includes the moisture contained in the aggregates as well as the ‘free’ water
added to the mix.

Self Assessment Question 12

How can the amount of moisture contained in the aggregates be determined?

Self Assessment Question 11

Why are proportions of materials in a concrete mix more correctly specified by weight
than by volume?

Self Assessment Question 10

Why should fine gradings require more water than coarse gradings to achieve the same
degree of workability?

Self Assessment Question 9

What is meant by the term ‘workability’ in concrete mix design?
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A certain proportion of the water combines with the cement and sets up the chemical
reaction called hydration, which sets and hardens the concrete. The remainder of the water
added to the mix is required to make the mix workable.

The amount of water used should be the minimum necessary to give sufficient workability for
efficient compaction and to reduce the porosity of the hardened concrete. Where the durability
of the concrete is particularly important, the water : cement ratio may need to be limited.

Workability

The greatest degree of compaction can be achieved when the workability of the mix is such that
it suits both the type of concrete member being formed and the method used to compact the
concrete. A less workable mix can be used when compacting by vibrator than that used when
compacting by hand.

Workability depends upon the following:

● the water : cement ratio;
● the proportion of cement to aggregate. For the same water : cement ratio a rich mix (i.e. a

mix with a greater proportion of cement to aggregates than normal) is more workable than
a lean mix (i.e. a mix with a lesser proportion of cement to aggregates than normal);

● the type, maximum size and grading of the aggregate.

A good mix therefore has a water : cement ratio giving the strength and durability required and
is sufficiently workable to be properly compacted with the means available. In designing a mix
the water : cement ratio is chosen to give the required strength and durability, whilst the ratio of
cement to aggregate and the grading of the aggregate determine the required workability.

The aggregate : cement ratio

When the degree of workability has been fixed, the proportion of cement to the total
aggregates necessary to obtain such workability must be determined. Proportions of fine and
coarse aggregate will vary according to the type and grading of each, and according to the
workability and cement content of the concrete.

An excessive proportion of fine aggregate requires a high water : cement ratio (see Self
Assessment Question 10), which increases the shrinkage and reduces the strength in order to
give good workability.

The grading of aggregates

The proportion of fine to coarse aggregates should be kept as low as possible, but should not
be so low as to cause segregation or to make it difficult to obtain a good surface finish. The
same workability and strength can be provided by using a smaller proportion of fine sand or a
larger proportion of coarse sand.

For a 1 : 6 mix concrete (i.e. 1 part of cement to 6 parts of combined coarse and fine
aggregates), having the same water : cement ratio, workability and strength, proportions of fine
to coarse aggregate alter with the zoning of the aggregate as follows:

1 : 1 1/2 1: 2 1: 3
Using zone 1 aggregate Using zone 2 Using zone 3

With coarse aggregates larger than 20 mm, the proportion of sand may be reduced, but with
smaller sized coarse aggregates the proportion of sand must be increased.
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Introduction

A basement can be defined as an area of a building that is constructed either wholly or partly
below ground level. Although basements or cellars used to be popular in older houses, they are
rarely used in modern house construction in the United Kingdom, although they are very pop-
ular in other European countries. They may be useful where a house is constructed on a steeply
sloping site, allowing the house to be built into the slope of the site and the lower part of the
house could be utilised for storage or accommodation.

This chapter has been included to show how basements of single-storey depth (up to 3 m)
could be constructed in modern houses. Because of the limitations in size and depth of such
basements it is not intended to explore all methods of excavation, support and construction that
may be considered feasible in larger basements.

Factors to consider

There are four main factors to consider when constructing basements:

● the method of excavation;
● the method of support to the excavation;
● the method of constructing the basement;
● the method of waterproofing the basement.

The method of excavation

Two choices are available:

● to dig from the existing ground level using a backhoe or backactor;
● to excavate a ramp to the bottom of the proposed excavation and dig out the basement from

the base of the ramp using a face shovel.

Because of the amount of land required to construct a ramp with a shallow incline, the latter
method is really only suitable on large excavations; this may not be appropriate for the basements
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to houses. However, where the house is situated on a steeply sloping site and it is intended to
excavate into the slope of the land in order to construct a basement, a face shovel may well be
the best machine to use.

The method of support

A wide number of choices are available for supporting the sides of a basement excavation.
However, as the excavation for a single-storey basement to a house is likely to be comparatively
shallow and small compared with basement excavations for larger buildings, it is only intended
to consider four methods here. These are as follows:

● Sloping the sides to the angle of repose
● Runners and raking struts
● The dumpling method
● Interlocking sheet piles

Sloping the sides to the angle of repose

This technique was mentioned briefly in the previous chapter on Excavation. The principle of
this technique is to slope back the sides of the excavation to the natural angle of repose of the
soil. Thus the soil is capable of supporting itself. The angle of repose will alter according to the
type of soil and its moisture content. This can vary from 45� for firm clays to 16� for wet clays
and sands. Thus a large area is required and this may not be available on small or restricted
sites (see Fig. 6.1).

Self Assessment Question 1

If the basement is to be excavated from ground level what will be the factors determin-
ing whether a backhoe or a backactor is used?

Ground level Angle or repose dependent
on soil type and conditions

Line of proposed basement wall

Basement level

6.1 Sloping the sides of the excavation to the angle of repose.

Self Assessment Question 2

What other disadvantages could there be to the use of this method for supporting the
sides of a basement excavation?



54 Single-storey basements

Runners and raking struts

This technique uses similar technology to that considered in the support of trenches using
planking and strutting. The main difference is that the width of a basement excavation is much
greater than that of a trench and it is therefore extremely difficult to provide struts across the
width of the excavation to support the walings.

This can be overcome by driving runners into the ground as excavation proceeds, and then
supporting these with walings at 1.5 m vertical centres and supporting the walings with inclined
or raking struts at 2 m horizontal centres wedged against sole pieces on the bottom of the exca-
vation. The problem with this technique is that the support system gets in the way of the base-
ment wall construction, which will be built against the side of the excavation.

There are two ways of overcoming this problem. The first is to build part of the basement wall
in the space between the sets of raking struts; then when the raking struts can be removed and
the partially built wall holds back the side of the excavation, the remaining sections of wall can
be constructed joining up the parts already built (see Fig. 6.2).

Alternatively the line of struts may be located outside the eventual line of the basement so
that the basement wall can be built unimpeded inside the line of struts (see Fig. 6.3).

150 × 32 mm runners

150 × 75 mm walings

150 × 75 mm raking struts

Projecting reinforcement
to connect with next
section of wall or floor

200 × 100 mm sole piece

6.2 Partially built basement wall between sets of raking struts.

Self Assessment Question 3

What is the main disadvantage of this latter method?



Single-storey basements 55

The dumpling method

A perimeter trench is excavated around the outside of the proposed basement area of sufficient
width to allow the first section of the basement wall and floor slab to be constructed. The sides
of the excavation are strutted across the trench to the central ‘dumpling’ or restraining mound
of earth left in the middle of the proposed basement area.

As the walls of the basement are constructed in sections vertically, the supports are removed
and re-strutted off the newly constructed wall. Once the basement walls have been constructed
to their full height around the perimeter of the basement they can support the sides of the exca-
vation and the planking and strutting can be removed. Once the planking and strutting has been
removed the central dumpling can be excavated and the floor can be constructed across the
base of the excavation to join up the perimeter walls (see Fig. 6.4).

Proposed line of basement wall

100 × 100 mm raking
struts at 1.8 m centres

200 × 100 mm sole piece

150 × 32 mm runners

100 × 100 mm walings
at 1.8 m centres

6.3 Line of raking struts inside the line of the basement wall.

Reinforced concrete basement
floor slab completed after central
dumpling is removed

Reinforced concrete basement
perimeter wall built in sections

Ground level

Dumpling mound of retained earth
removed after perimeter wall has
been constructed

Trench support strutted off
completed basement perimeter wall

Planking and strutting to
perimeter trench

6.4 The dumpling method of basement excavation.

Self Assessment Question 4

What is likely to be the main problem with constructing the basement walls in sections?
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Interlocking steel sheet piles

Interlocking steel sheet piles are driven into the ground around the perimeter of the proposed
excavation. These act as a retaining wall that holds back the sides of the excavation as the base-
ment is being excavated within the ring of sheet piles. Because the sheet piles interlock with
each other, they are very useful for supporting extremely weak soils such as loose or wet sands
and clays. The sheet piles may be removed once the basement wall has been constructed, but
this can sometimes be difficult and ‘lost’ sheet piles that cannot be retrieved from the ground
add to the cost of the excavation.

The installation of the sheet piles is generally undertaken by a mechanically activated ham-
mer that is extremely noisy and can cause excessive vibration. Silent driving techniques are now
available using hydraulic rams, but this technique is very specialised and is rarely used on small
single-storey basements of this type.

The method of construction

There are two main methods of construction for single-storey basements:

● solid brick walls built off a reinforced concrete raft foundation;
● a monolithic reinforced concrete structure in which the walls are cast integrally, in bays, with

the raft base in order to avoid cracking caused by setting shrinkage of the concrete or stresses
caused by thermal movement of the structure.

Either of these two methods is suitable for the construction of a single-storey basement to
a house. The monolithic reinforced concrete structure will be stronger but the loads being
taken by the basement structure in a house may not require the structure to have substantial
strength.

The method of waterproofing

The greatest problem to overcome when constructing a basement is the exclusion of ground
water from the structure. If the basement is built below the water table of the surrounding
ground, the sub-soil water will be forced through the basement walls by the natural water
pressure. Special precautions must therefore be taken to waterproof the basement construction.

British Standard Code of Practice 8102: 1990 Code of practice for protection of structures
against water from the ground classifies internal environments within basements into four cat-
egories relative to the anticipated usage of the basement and what are considered to be toler-
able humidities in such situations. These are as follows:

Grade 1 – Car parks, plant rooms and workshops (some seepage of ground water and damp
patches on the walls and floor of the basement are tolerable).

Grade 2 – Workshops and plant rooms (drier environments than Grade 1 required) and retail
storage (no water penetration tolerated but moisture vapour is tolerable).

Grade 3 – Ventilated residential and working areas, including offices, restaurants and leisure
centres (a dry environment is required)

Grade 4 – Archives and stores and controlled environments, particularly where sensitive computer
equipment is being used (a totally dry environment is required).
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Table 6.1 Grades of basement waterproofing.

Grade Basement Performance Form of
usage construction

1 Car parking, plant Some seepage and Type B reinforced concrete
rooms, workshops damp patches tolerable

2 Workshops and No water penetration Type A
plant rooms, retail but moisture vapour Type B reinforced concrete
storage areas tolerable

3 Ventilated Dry environment Type A
residential and Type B reinforced concrete
working areas, Type C with wall and floor
offices, restaurants, cavity and damp proof
leisure centres membrane

4 Archives and Totally dry Type A
stores, computers, environment Type B reinforced concrete
controlled plus a vapour membrane
environments Type C with ventilated wall

with a vapour barrier to the
inner skin and floor cavity
with damp proof membrane

Source: Adapted from: British Standard Code of Practice 8102: 1990 Code of practice for protection of
structures against water from the ground.

The Code of Practice goes on to recommend three main forms of waterproofing that can be
used for basement structures. These are as follows:

Type A – Tanked protection
Type B – Structural integral protection
Type C – Drained protection

The Code of Practice then relates the classification of internal environment with the recom-
mended form of waterproofing the basement structure in order to achieve that environment
(see Table 6.1).

From this table it can be seen that the two methods of constructing the basement structure con-
sidered previously can be used with most forms of waterproofing, although the structural integral
protection method requires the use of the monolithic reinforced concrete basement structure
rather than the alternative solid brick walls with reinforced concrete raft foundation structure.

Tanked protection

Basement structures using this method of waterproofing have no protection from the ingress of
ground water in their own right and therefore rely totally on the effective ability of the water-
proofing barrier to protect the basement. Generally this is achieved by applying an impermeable
membrane to either the outside or the inside of the basement structure. This membrane may
either be in sheet form or liquid form. Sheet membranes include bituminous sheet, high-density
polythene sheet or a proprietary bitumen sandwiched membrane. Where such sheet membranes
are used, care must be taken to seal all the edges of the membrane as effectively as possible and
protect the membrane from damage or from the effects of hydrostatic pressure.



58 Single-storey basements

The most effective impermeable membrane for tanked protection to basements is mastic
asphalt. Mastic asphalt is a naturally occurring material consisting of a mixture of bitumen and
natural asphalt rock or fine limestone aggregate, which is solid under normal conditions but
becomes sufficiently fluid when heated that it can be spread by means of a hand float to the
walls and floor of a basement. The resulting flexible material is waterproof and can be applied
to either the exterior or the interior of the basement structure.

If applied externally the structure itself provides resistance against hydrostatic pressure and the
asphalt prevents the ground water from entering the basement. However, this method of appli-
cation requires an adequate working space between the external walls of the structure and the
face of the excavation in order to adequately apply the mastic asphalt to the outside of the
walls. This space is not always available. In addition, the externally applied asphalt needs to
be protected from subsequent damage during backfilling or subsequent excavation operations
(see Fig. 6.5).

If the mastic asphalt is applied to the internal face of the structure then internal loading walls
and floor need to be incorporated into the basement construction to prevent the hydrostatic
pressure of the ground water from ‘blowing’ the mastic asphalt off the structure to which it is
applied (see Fig. 6.6).

Although the mastic asphalt is jointless when it is completed, it has to be applied in bays of
an appropriate size to prevent it from cooling and hardening before it has been floated level.
The temporary ‘joints’ between adjoining bays are covered by successive layers of mastic asphalt.

The following requirements are essential for good asphalt tanking:

● vertical asphalt to walls should be in three coats (20 mm finished thickness);
● horizontal asphalt to floor slabs should be in three coats (30 mm finished thickness);
● all joints between bays must overlap in successive coats;
● the membrane must be continuous and carried to a height of at least 150 mm above ground

level and connected to the damp-proof course (dpc);
● externally applied mastic asphalt must be protected from possible damage by a protective

wall;
● the mastic asphalt may be applied either directly to the basement wall or to the protective

wall. A minimum of 600 mm working space should be allowed for the application of external
asphalt;

● where mastic asphalt is applied to brickwork, joints should be raked out to provide a good key;
● where mastic asphalt is applied to concrete, the concrete face should be hacked or covered

with a material such as expanded metal lathing to provide a good key.

Self Assessment Question 5

What is hydrostatic pressure and how can it damage the membrane?

Self Assessment Question 6

Why might a liquid applied membrane be more effective than a sheet applied membrane
for the tanking of a basement?
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Ground level

100 mm concrete block protective wall

3-coat vertical mastic asphalt
20 mm thick

3-coat horizontal mastic asphalt
30 mm thick

100 mm concrete base

50 mm concrete blinding

200 mm reinforced concrete basement slab

18 basement wall

6.5 Externally applied mastic asphalt tanking.

Ground level

Reinforced concrete basement wall

3-coat vertical mastic asphalt
20 mm thick

50 mm concrete

Reinforced concrete basement slab

50 mm cement : sand protective screed

100 mm reinforced concrete loading slab

3-coat horizontal mastic asphalt
30 mm thick

100 mm concrete block
loading wall

6.6 Internally applied mastic asphalt tanking.
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Structural integral protection

The basement may be constructed from high-quality ‘waterproof’ concrete, provided the
ground water pressure is low. For the concrete to be waterproof, the voids must be reduced to
a minimum and this may be achieved by using a ‘rich’ mix (a mix that has a high cement to
aggregate ratio) of 1 : 1.5 : 3 (one part cement to one and a half parts of fine aggregate to three
parts of coarse aggregate) with a low water to cement ratio. In addition an additive is often
provided to the mix (called an admixture) that closes the small pores or spaces between the fine
aggregate particles, thus further reducing the porosity of the concrete. To reduce the voids to a
minimum the concrete needs to be well compacted into place by means of a tamper or vibra-
tor as discussed in the previous chapter on Concrete.

One of the biggest problems with attempting to produce a waterproof concrete is that of
overcoming the effects of drying shrinkage. The problem is particularly accentuated when a rich
mix is used. To prevent cracks developing during drying of the concrete, the walls and floor of
the concrete basement structure should be cast in small sections.

The construction joints between these sections should include vertical and horizontal water
stops manufactured from either rubber or PVC to act as a physical and impermeable barrier to
the ground water and prevent it from being able to force its way in at the section joints. These
water stops may either be incorporated within the structure of the walls and floor or may be
fixed to the exterior faces of the walls and floor (see Fig. 6.7).

Self Assessment Question 7

Why is it important to cast the walls and floor of the waterproof concrete basement in
small sections?

Self Assessment Question 8

Which method of basement excavation and basement construction is the structural
integral protection method of waterproofing best designed for?

Concrete basement
wall cast in sections

Concrete basement
floor cast in sections

Rubber waterstops to construction
joints in basement wall and floor

6.7 Internal waterstops to concrete basement wall and floor.
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Drained protection

Where moderate to high hydrostatic pressure from the ground water exists, a cavity may be
incorporated between the external basement structure and the internal construction. This
involves the provision of an internal wall and floor structure, separated from the main external
structure by a cavity. Thus any water seeping through the external construction can be drained
within the cavity and the internal wall and floor structure will remain dry.

The floor cavity is formed by triangular-shaped, stooled, precast concrete tiles. The stools or
nibs that the concrete tiles stand upon allow the drained water to flow beneath the tiles to the
sump. On top of the tiles is placed a damp-proof membrane and a floor screed onto which can
then be placed a suitable floor finish. The internal wall is non-loadbearing and can therefore be
constructed from lightweight concrete blocks with a suitable applied finish. The wall is normally
built off the floor screed so that the cavity between it and the external wall may be maintained
(see Fig. 6.8).

A collection sump is constructed in the basement floor into which all seepage water may
drain. The sump can then be connected to a drainage gully for drainage to the storm water
sewer or the collected water may be pumped intermittently from the sump to a break manhole
on the surface of the ground, from which it can then be drained to the sewer. The gully must,
however, be kept free from blockage, particularly by fine silt, which may be carried through the
basement structure by the percolating ground water.

100 mm concrete
block internal wall

Wall finish

Floor finish

50 mm cement : sand
floor screed

Triangular stooled
floor tiles

Reinforced concrete
basement slab

50 mm cavity

Basement wall of
engineering bricks

Sump

6.8 Drained cavity protection.

Self Assessment Question 9

Why might it be necessary to pump the water intermittently from the sump to a break
manhole on the surface of the ground?
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Introduction

The basic components of construction for walls are bricks, blocks and stones. Because blocks
are more porous than bricks and therefore not as weather resistant, and because stones tend
to be more expensive than bricks for house wall construction in most parts of the United
Kingdom, it is usual to select bricks for external wall construction and blocks for internal wall
construction. Cavity walls generally have a brick external leaf and a block internal leaf. This
chapter will consider the main materials used for brick manufacture and compare their physi-
cal characteristics. Similarly the main materials and types of blocks will also be considered along
with their physical characteristics. Building stones will not be considered.

Bricks

Bricks are manufactured from three basic raw materials:

● Clay
● Calcium Silicate
● Concrete

There are a large number of brick manufacturers making a large number of different types of
bricks. These may be classified in a number of ways:

● Classification by use – Common bricks have acceptable strength, water absorption, durabil-
ity, thermal and moisture movement, thermal conductivity and sound insulation performance
characteristics, but they are cheaply produced and their appearance is poor. They can there-
fore be specified in locations where they will not be seen in the finished wall. Sometimes this
may mean that the wall is constructed from common bricks and is then covered with an
external and internal facing material such as render and plaster. Facing bricks, on the other
hand are more expensive to produce and their appearance is much better and they can there-
fore be used in positions where they will be seen. Their performance characteristics in all
other respects are similar to those for common bricks. Engineering bricks, as the name sug-
gests, are stronger than common or facing bricks and have lower moisture-absorption char-
acteristics. They too are more expensive than common bricks and are specified for use where
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their enhanced strength and low porosity are important, for example below ground in
footings. Their appearance is not particularly appealing and they would therefore tend to be
used in areas where they cannot be seen.

● Classification by method of manufacture – Clay, Calcium Silicate and concrete bricks are made
in an entirely different way from each other. The shape of a clay brick may be formed in a
wooden mould, extruded through a metal die or pressed between steel plates. Each method
of forming the bricks will have an influence on its cost, appearance and, to a certain extent,
its physical characteristics.

● Classification by structure – During the formation of the bricks, material is often removed
from the internal part of clay bricks to reduce their weight and to improve firing in the kiln.
Removal of material from the structure of the brick can be achieved by forming perforations
through the centre of the brick, forming a cellular structure in the centre of the brick or press-
ing a frog in the shape of a prism in the top surface of the brick. Calcium Silicate bricks tend
to be solid or have a slight frog depression.

● Classification by finish – Facing bricks can have their appearance enhanced by finishing their
faces with sand or sawdust. They can also have their faces textured by combing or hammer-
ing the surface before firing. Facing bricks may also have different colours either through nat-
ural pigments present in the clay or pigments added during the manufacturing process.
Common bricks, engineering bricks, Calcium Silicate bricks and concrete bricks tend to have
a smooth finish.

Brick terminology

BS EN 771–1 Specification for masonry units – Part 1: Clay masonry units specifies a standard
format size of a brick as 215 mm long x 102.5 mm wide x 65 mm high. These dimensions relate
closely to the old imperial measurements for a brick. There have been attempts to introduce
bricks having metric dimensions, but these have not been popular, as the appearance of walls
constructed from them differs from that of walls built from the traditionally sized bricks. Metric
modular bricks are available in sizes 190 mm long x 90 mm wide and either 65 or 90 mm high
or 290 mm long x 90 mm wide and 65 or 90 mm high, but these account for only a very small
proportion of the market.

The long face of the brick is termed the header face; the end face of the brick is termed the
stretcher face. If a frog is used it is usually formed in the upper surface of the brick. The lower
surface is termed the bed face (see Fig. 7.1).

Stretcher face

Bed face

Header face

Frog

7.1 Brick terminology.
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The manufacture of clay bricks

There are three basic stages in the manufacture of clay bricks:

● excavation and preparation of the raw material;
● forming the shape required;
● drying and firing the brick.

Excavation and preparation of the raw material

Clays used in brick manufacture are composed mainly of silica and alumina, together with impu-
rities that might include natural pigments or even some natural fuels that are consumed during
the firing process. The degree of impurities in the clay used for brick manufacture, particularly
the amount of soluble salts, must be within acceptable limits set by the British Standard.

The clay is quarried from the ground using a dragline. This machine is based on a crawler-
mounted mobile crane chassis with a large cable-operated drag bucket attached to the jib. The
bucket is thrown out to its furthest extremity by simultaneously slewing the jib and releasing the
support cable. Being dragged back towards the machine by its drag cable then fills it.

After quarrying, the clay is crushed, screened to remove stones and other debris, mixed with
water and then passed through a pug mill to produce uniform clay with high plasticity. The high
plasticity created by the addition of the water helps in the moulding process.

The air that has been introduced into the clay during the mixing process must then be
removed by means of a vacuum pump and the clay may then be left to age to ensure it achieves
uniform distribution of water.

Forming the shape required

The bricks may be moulded by hand or by machine. Throwing a lump of clay into timber moulds
that have previously been lined with sand or sawdust forms handmade bricks. This process pro-
duces relatively irregular shapes and dimensions that are sought by specifiers who do not want
to use bricks having regular shapes and sizes for their buildings. The clay must be soft and have
high plasticity for this process. The process is relatively slow and the bricks are therefore more
expensive than those produced by machine.

Alternatively the clay may be forced through a die of the shape and dimensions of the base
of the brick. The extruded clay is then cut into units corresponding to the brick height and length
by stretched wires, in a similar manner to that used for cutting cheese. The clay needs to be of
moderately stiff consistency. During this process perforations can be formed in the centre of the

Self Assessment Question 2

Why does the air need to be removed?

Self Assessment Question 1

Why is water added to the clay?



Bricks and blocks 65

bricks to save clay and reduce weight. These perforations also improve the drying and firing of
the bricks.

Stiff clays can be formed into bricks by mechanical pressing. This process allows the forma-
tion of a depression or frog in the upper face of the brick.

Drying and firing the brick

The ‘green’ bricks are fired in furnaces in which either the fire rotates (the Hoffman kiln) or the
bricks are loaded onto trolleys and move through a stationary fire (the tunnel kiln). The tem-
perature of firing is usually around 900ºC, although engineering bricks are generally fired at
higher temperatures.

Before being fired the bricks must be dried; otherwise they may crack when they are subjected
to the high temperatures within the kiln. Leaving the bricks for a day or two at the entrance to
the kiln before they are loaded into the kiln enables the outgoing hot gases from the kiln to dry
the bricks.

After firing, the bricks are cooled at the exit to the kiln by the incoming air required by the
kiln for the combustion process. This again helps to prevent cracking to the bricks caused by
thermal shock through too rapid cooling in the open air.

It is important to ensure that the bricks are thoroughly fired in the kiln. Under-fired bricks are
less durable than fully fired bricks. The amount of drying and firing that a brick requires is
dependent to a large extent on its method of manufacture. Pressed bricks require the least
amount of firing whilst handmade bricks require the most.

The manufacture of Calcium Silicate bricks

These bricks, often known as sandlimes and flintlimes, are manufactured from a combination of
sand or flint mixed with quicklime or hydrated lime and water in the proportion of 10 parts of
sand or flint to 1 part of quicklime or hydrated lime to BS EN 771–2. Specification for masonry
units – Part 2: Calcium Silicate masonry units.

After mixing the mixture is pressed in steel moulds and then autoclaved for up to 12 hours in
steam ovens at a temperature of 170ºC and a pressure of approximately 10 atmospheres. This
process enables the lime to react with the particles of silica, leaving no free lime.

The Calcium Silicate thus formed reacts with carbon dioxide when it is exposed to the air,
forming Calcium Carbonate. This allows the brick to gain in strength and hardness.

The manufacture of concrete bricks

Concrete bricks are manufactured from concrete having a dense aggregate to BS 6073 Precast
concrete masonry units – Part 1. The mixture is placed into steel moulds and autoclaved with
high pressure steam in a similar manner to that of Calcium Silicate bricks. The bricks may be
solid, perforated, hollow or cellular in structure.

Self Assessment Question 3

Why is the amount of drying and firing that a brick requires dependent on its method
of manufacture?



66 Bricks and blocks

Properties of bricks

The following physical characteristics will be considered for each of the three types of bricks:

● Compressive strength
● Water absorption
● Durability
● Thermal and moisture movement
● Thermal conductivity
● Sound insulation
● Fire resistance
● Appearance

Compressive strength

There is generally a good correlation between the density and strength of clay bricks. BS EN 771–1
classifies bricks by their compressive strength into classes 1, 2, 3, 4, 5, 7, 10 and 15. These class
designations relate approximately to the compressive strength in N/mm2 when multiplied by a con-
stant of 6.9. Engineering bricks are of two classes, Class A and Class B. Class A engineering bricks
should have a minimum compressive strength of 70 N/mm2, whilst Class B engineering bricks should
have a minimum compressive strength of 50 N/mm2.

BS EN 771–2 classifies Calcium Silicate bricks for compressive strength in a similar manner to
that used for clay bricks. There are six classes: 2, 3, 4, 5, 6 and 7. Flintlimes are generally stronger
than sandlimes and strength generally increases with age.

BS 1180 classifies concrete bricks for compressive strength into six classes: 7, 10, 15, 20, 30
and 40. In this case, however, the classes relate directly to their compressive strength in N/mm2

and do not need to be multiplied by the constant 6.9.

Water absorption

In clay bricks, the water absorption is dependent on the type of brick and the method of man-
ufacture. BS 3921 only specifies maximum average levels of water absorption, expressed as a
percentage of the dry weight of the brick. These should be a maximum of 4.5 per cent for Class A
engineering bricks, or bricks used for damp-proof courses (dpc’s) and a maximum of 7.0 per cent
for Class B engineering bricks. Most clay common and facing bricks have water absorption of
between 12 and 26 per cent. Similarly Calcium Silicate and concrete bricks have typical water
absorption of between 11 and 21 per cent dependent on the size and distribution of the pores.

Durability

Durability is affected by the water absorption of the brick, but in clay bricks a more important
consideration is that of the soluble salt content of the brick, which could cause staining or

Self Assessment Question 4

What would be the approximate compressive strength of a class 5 brick?
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efflorescence when the salts are dissolved by rainwater absorbed by the brick, which are then
deposited on the surface of the brick when the rainwater evaporates. Soluble Sulphate salts
may attack the cement in mortars, causing the mortar to expand. Both of these issues will be
considered in more detail later in this chapter.

The degree of burning affects the chemical and frost resistance of clay bricks. Under-burnt
bricks are less durable than well-burnt bricks. BS 3921 specifies six levels of frost resistance and
soluble salt content for clay bricks. FL designates frost resistant bricks with low soluble salt
content, FN designates frost resistant bricks with normal soluble salt content, ML designates
bricks with moderate amounts of frost resistance and low soluble salt content, MN desig-
nates bricks with moderate amounts of frost resistance and normal soluble salt content, OL
designates bricks with no frost resistance and low soluble salt content and ON designates bricks
with no frost resistance and normal soluble salt content. Engineering bricks have the best dura-
bility of clay bricks in very exposed conditions and would be designated as either FL or FN. Bricks
designated as having low soluble salt content should not contain more than 0.03 per cent by
weight of soluble Magnesium, Potassium and Sodium salts, 0.3 per cent by weight of soluble
calcium salts and not more than 0.5 per cent by weight of soluble Sulphate salts.

Frost damage to bricks causes the face to break away or spall as the ice crystals expand and
leaves the inside of the brick exposed to further frost damage and water penetration.

Calcium Silicate and concrete bricks do not suffer from soluble salt contamination in the same
way that clay bricks do. Repeated wetting, drying and freezing also have little effect on either
of these types of bricks. However, although Calcium Silicate bricks do not contain any harmful
salts they can be susceptible to attack from Sulphur Dioxide present in the atmosphere or con-
tact with harmful salts from soils or industrial waste.

Thermal and moisture movement

Moisture movement is negligible in well-burnt clay bricks. However thermal movement can be as
much as 0.3 mm per metre run of wall. It is therefore advisable to incorporate 10 mm wide expan-
sion joints containing compressible material, protected by a mastic sealant, for every 12 m of wall
not broken up by door or window openings. In house construction this figure is rarely reached.

The moisture movement of Calcium Silicate and concrete bricks is greater than that for clay
bricks. In consequence it is recommended that 10 mm expansion joints be provided for every
7 m of unbroken Calcium Silicate or concrete brickwork. Thermal movement is similar to that
for clay bricks. It is inadvisable to bond clay, Calcium Silicate or concrete bricks together, due to
their differing movement coefficients.

Thermal conductivity

Clay bricks generally have a high thermal conductivity and thus a poor thermal insulation value.
The thermal conductivity value varies with the type of brick and its moisture content but is
approximately 0.6–1.0 W/mºC, as opposed to 0.21–0.60 W/mºC for lightweight concrete blocks.

Calcium Silicate bricks have similar thermal conductivity values to that of clay bricks of a similar
density, typically in the range 0.5–0.7 W/mºC. Concrete bricks have poorer thermal conductivity
values than Calcium Silicate or clay bricks, typically in the range 1.0–1.5 W/mºC.

Sound insulation

The sound insulation value of brickwork is directly proportional to the density of the wall. Most
heavy clay, Calcium Silicate or concrete bricks can provide good sound reduction values in the
range of 44 to 50 dB.



Fire resistance

The fire resistance of clay bricks is generally good, since the bricks have been through the
refractory process in a kiln and fired at a higher temperature than that which normally occurs in
house fires.

Similarly Calcium Silicate bricks are capable of providing fire resistance up to three hours in
cavity walls or 1B solid walls. For higher fire resistance requirements, the thickness of the wall
would need to be increased. Concrete bricks have high fire-resistance properties.

Appearance

Applied finishes and textures are available for clay facing bricks. Sand is often used for textur-
ing and can assist in releasing hand-made bricks from their timber moulds. Colouring may be
achieved either by natural pigments contained in the clay or by the addition of oxide pigments.

Calcium Silicate bricks are generally off white or pale pink in colour, although other pastel
colours may be obtained by the use of pigments. The bricks generally have a smooth finish, but
textured finishes are available.

Concrete bricks tend to have a slightly roughened surface texture and they are available in
smooth, rustic or weathered finishes. Different colours are produced by the addition of pigments
into the mix.

Efflorescence

When brickwork becomes wet, the porous bricks absorb some of the water. This water can
dissolve some of the soluble salts contained in clay bricks. These soluble salts are impurities
that are contained within the clay from which the bricks have been made. With changes in
weather conditions, solar radiation and drying winds can cause evaporation of moisture from
the external surface of the bricks. As the moisture in the brick is brought to the surface by
this process, the dissolved salts are brought to the surface too. When the water evaporates
from the surface the salts are left behind and crystallise as a white deposit. If the crystallisation
process occurs on the surface of the bricks it merely looks unsightly, but if the crystallisation
process occurs immediately beneath the surface then spalling may occur, similar to that caused
by frost damage.

It is difficult to cure efflorescence, but it should eventually disappear when all the soluble salts
in the brickwork have been brought to the surface. This may take many years. Specifying bricks
having a low soluble salt content or using Calcium Silicate or concrete bricks that do not contain
soluble salts can significantly prevent the problem.

Sulphate attack

Particularly aggressive soluble salts that can be found in clay bricks are the Sulphate salts of
Calcium, Sodium, Magnesium and Potassium. When these dissolve in water absorbed into the
bricks they may migrate and attack a component of Portland cement used in mortar called
Tricalcium Aluminate. This causes the mortar to expand and eventually to soften and crumble.
This expansion of the mortar can result in a 2 per cent vertical and 1 per cent horizontal
expansion in the brickwork that can cause stresses to occur, particularly around openings where
the external leaf of the cavity wall may expand but the internal leaf, which is unaffected by the
Sulphate attack, remains static. The expansion of the external brickwork may also put pressure
on roof components at the top of a wall.

68 Bricks and blocks
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The problems of Sulphate attack may be lessened by selecting bricks with a low soluble salt
content, although sometimes the sulphate salts may not have been contained in the bricks but
may have come from the soil that the brickwork is in contact with or the sand used in the mor-
tar. Another good measure for reducing the incidence of Sulphate attack is to use Sulphate-
resisting Portland cement (SRPC) in the mortar. This mortar contains less Tricalcium aluminate,
the component in cement that the Sulphate salts react with, than ordinary Portland cement
(OPC). Yet again Calcium Silicate and concrete bricks do not contain soluble Sulphate salts.

A good design measure to combat the incidence of efflorescence and sulphate attack in brick-
work is to use overhanging eaves, verges and cills wherever possible to shelter and protect the
brickwork beneath from the effects of rain penetration.

Blocks

Generally blocks can be defined as units having at least one dimension larger than bricks, but a
finer definition is given by the British Standard Specification associated with each type of block.
Blocks have six unique characteristics:

● They are light in weight, enabling their greater bulk to be handled easily when constructing
a wall.

● They are sized to correspond to multiple bricks, enabling bonding in and work requiring cor-
responding course levels to be undertaken.

● They are comparatively cheap to produce and lay, giving economical wall construction in
comparison with brickwork.

● They generally have better thermal resistance values than bricks.
● They accept nail or screw fixings more readily than brickwork.
● They have a keyed surface for the application of plastered or rendered finishes.

Types of blocks

Blocks may be divided into two main types:

● Clay
● Concrete

Clay blocks

These are manufactured in a similar manner to clay bricks, but are generally extruded hollow
units with keyed surfaces for the application of internal plaster or external render (see Fig. 7.2).

Self Assessment Question 5

Why should the internal leaf of a cavity wall be unaffected by Sulphate attack?

Self Assessment Question 6

Where might work requiring corresponding course levels between blockwork and 
brickwork be required?
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They are available in three sizes, 290 mm long x 215 mm high and 62.5, 75, 100 or 150 mm
wide. The 62.5 and 75 mm thicknesses are only suitable for non-loadbearing applications, such
as internal partition walls. These will be considered in more detail in the chapter on Internal walls
and partitions.

Clay blocks are particularly brittle and difficulty can be experienced in cutting them to the
required size. For this reason, special half and three-quarter blocks are produced for the purposes
of bonding. These blocks are rarely used these days in the United Kingdom, but they are still used
regularly in other parts of Europe for the construction of both internal and external walls.

Concrete blocks

These may be produced from either dense or lightweight concrete. The lightweight blocks are
particularly useful for the inner leaves of cavity walls and internal partition walls and may be
manufactured from lightweight aggregates, with or without fines (aggregates less than 5 mm
in size), or alternatively can be produced from air entrained concrete.

BS 6073 Precast concrete masonry units defines concrete blocks as a walling unit of length,
width or height greater than that specified for a brick. Its length should not exceed six times its
thickness and no dimension should be greater than 650 mm. The British Standard classifies
blocks as solid, cellular or hollow.

Solid – Contain no formed holes or cavities.
Cellular – Contain one or more formed holes or cavities that do not completely pass through the

block. The closed end is the upper surface on which the mortar is laid
Hollow – Contain one or more formed holes that pass completely through the unit (see Fig. 7.3).

There is a wide range of sizes available from 390 to 590 mm in length, 140 to 290 mm in
height and 60 to 250 mm in thickness. Blocks having a thickness greater than 75 mm are suitable 

Grooves in surface for
plaster or render finish

7.2 Typical clay block.
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7.3 Typical hollow concrete block.

Scratched surface to receive
plaster or render finish

7.4 Aerated concrete block.



for loadbearing purposes. Blocks having a minimum density of 1500 kg/m3 are suitable for
general use in building, including use in the ground below the dpc. However, other concrete
blocks may be used below ground level if the manufacturer can provide evidence that the blocks
are suitable for the purpose that they are intended to be used for.

Manufacture of concrete blocks

For dense and lightweight aggregate blocks the mixture of cement, the appropriate aggregates,
either dense or lightweight, and water is placed in a steel mould and compacted by pressure or
vibration. The blocks are de-moulded immediately after compaction and then left to cure, or set,
either naturally or artificially under high temperature and humidity.

Aerated concrete blocks are made from a mixture of cement, sand or pulverised fuel ash (PFA)
(see Fig. 7.4) admixtures to aerate the mix and water. The mixture is poured into a large steel
mould and the aeration of the concrete is allowed to take place. Following the initial set, the
concrete slab that has been produced is cut into blocks by means of taut wires. The blocks are
then autoclaved in a similar manner to calcium silicate and concrete bricks.

These blocks are extremely light in weight, having a density as low as 475 kg/m3 and have
high thermal resistance properties and can be easily cut with the aid of a specially designed saw.
However, they have high water absorption characteristics and must therefore be stored carefully
prior to laying.

Properties of blocks

The following physical characteristics will be considered for each type of block:

● Compressive strength
● Water absorption
● Durability
● Thermal and moisture movement
● Thermal conductivity
● Sound insulation
● Fire resistance
● Appearance

Compressive strength

BS 3921 specifies a minimum average compressive strength for clay blocks of 1.4 N/mm2 for
non-loadbearing applications and 2.8 N/mm2 for loadbearing applications.

BS 6073 specifies eight compressive strength classifications for concrete blocks over 75 mm
in thickness. These are 2.8, 3.5, 5.0, 7.0, 10.0, 15.0, 20.0 and 35.0 N/mm2. Aerated concrete
blocks have strengths up to approximately 5.5 N/mm2 and lightweight aggregate blocks have
strengths up to approximately 10.5 N/mm2.

Water absorption

Blocks, because of their more porous composition and because they generally contain holes or
cavities in their construction, have higher water absorption characteristics than bricks. Concrete
blocks using dense aggregates are better for use below ground level, since blocks containing
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lightweight aggregates are more porous. Aerated concrete blocks are particularly porous and
care must be taken to protect them from water penetration prior to their installation.

Blocks may be used in external solid walls or the external leaf of a cavity wall, but they 
must be suitably protected from rain penetration by applying a suitable external finish such as
cement : sand render, tile hanging or weatherboarding. This will be considered further in the
chapter on External finishes.

Durability

The durability of clay blocks is similar to that of clay bricks. However they have less problems
regarding frost damage, efflorescence and sulphate attack as they will be kept drier than their
brick counterparts.

Concrete blocks should not contain soluble salts but the mortar used to join them may be sub-
jected to sulphate attack in applications below ground from soluble sulphate salts that may be
present in the soil. Below ground they may also be more susceptible to frost damage due to their
relatively high moisture-absorption characteristic.

Thermal and moisture movement

Thermal movements are negligible and similar to those for clay and concrete bricks. Moisture
movement, however, is more problematic, particularly with aerated concrete blocks, and can
lead to cracking of the blocks due to drying shrinkage if they have been allowed to become par-
ticularly damp prior to laying.

BS 6073 stipulates that drying shrinkage should be a maximum of 0.09 per cent for aerated
concrete blocks and 0.06 per cent for all other concrete blocks.

Thermal conductivity

Because of the porous composition of the blocks and the use of cellular or hollow construction
in many of the blocks, they have relatively good thermal resistance. Indeed some cellular and
hollow blocks have their cavities filled with extruded plastic materials in order to further improve
their thermal resistivity. Some solid blocks have a 60 mm layer of polystyrene bonded to their
inner face.

Thermal conductivity is closely related to the material of manufacture, the composition and
thickness of the block as well as the addition of further thermal insulation materials. Thermal
conductivities for concrete blocks range from 1.10 to 1.75 for dense cellular blocks, 0.21 to 0.60
for lightweight cellular blocks and 0.15 to 0.27 for aerated concrete blocks.

Because of their low thermal values concrete blocks are particularly suitable for use as the
inner leaf of cavity walls.

Sound insulation

Clay and concrete blocks have lower sound insulation properties than bricks because of their
lower density. The average sound reduction in decibels for a concrete block wall ranges from 42
to 49 dB.

Fire resistance

The fire resistance of clay blocks is less than for the equivalent thickness of brickwork due to their
cellular structure. A 100 mm wide block may be considered to have a fire resistance of 2 hours.
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A 100 mm thick dense concrete block wall may be classified as having a 2-hour fire resistance
if it is loadbearing and a 4-hour fire resistance if it is non-loadbearing. These values are enhanced
if plaster is applied to the internal face of the block.

Appearance

Clay blocks have grooved surfaces to provide a good key for plaster or render. Dense and light-
weight aggregate concrete blocks tend to have a slightly rough, open-textured surface, which
provides a good bond for applied finishes. Aerated concrete blocks have a smooth surface and
consequently are generally scored to provide a key for applied finishes. Concrete blocks may be
supplied with exposed aggregate finishes for external walling.
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Introduction

The primary purpose of external walls is to enclose and protect the building. In domestic
construction these walls may also be used to carry the loads from the upper floors and roof to
the foundations.

In this chapter it is intended to consider the main functional requirements of external walls
and to consider how walls have been designed to meet these functional requirements. Both
solid and cavity wall construction will be considered. In designing the walls to fulfil the func-
tional requirements there are occasions when the needs of one requirement may be in conflict
with those of another. In these cases compromises have to be reached.

Functional requirements

The following functional requirements apply to the design of external walls:

● Strength and stability
● Weather resistance
● Sound insulation
● Thermal insulation
● Fire resistance
● Durability
● Appearance

Strength and stability

Because external walls in domestic construction are used to carry the loads from the upper floors
and roof to the foundations, the walls need to be strong enough to resist the stresses applied
by the dead, live and superimposed loads being carried.

The strength of the wall is determined by its thickness and also the compressive strength of
the materials used in its construction. The thickness of the wall needs to be sufficient to keep
the stresses imposed by the applied loads within the safe compressive strength of the construc-
tional materials and the mortar used to bond the materials together should be of an equivalent
strength to these materials.



76 External walls

Bonding of bricks, both along the length of the wall and also through its thickness, assists the
distribution of the applied load so that overstressing of materials at specific points is avoided.
Bonding is discussed in more detail in the chapter on Bonding and openings in walls.

The wall also needs to be stable enough to resist overturning due to the application of lateral
forces or buckling due to the excessive slenderness of the wall.

Ideally the centre of gravity of any load carried by a wall should coincide with the centroid of
area of the wall. However, this is not always possible. For instance where an external wall is sup-
porting a timber floor joist carrying the load from an upper floor, the ideal location for the joist
would be to sit over the entire thickness of the wall so that the centre of the bearing where the
load is being transferred would coincide with the centre of the wall (see Fig. 8.1). Unfortunately
this is not practicable since the end of the joist would be exposed to the external climate and
the timber would be susceptible to wet rot.

To overcome this problem the end of the joist should be protected from the external climate
by at least half the thickness of the wall. This will shift the centre of the bearing and thus the
centre of gravity of the load to the inner quarter of the wall and away from its centroid of area
(see Fig. 8.2).

The problem becomes more acute in cavity wall construction. Here the floor joist can only bear
onto the inner leaf of the wall, as the central cavity has no loadbearing capabilities. Thus the dis-
tance between the centre of the bearing and the centroid of area of the wall (now in the cen-
tre of the cavity) is even greater (see Fig. 8.3).

The most acute case is experienced when joist hangers are used to support a floor joist and
transfer its load onto a cavity wall. The centre of gravity of the floor load here is again in the
centre of the bearing onto the wall, but in this case this point is even further away from the
centroid of area of the wall than it was in the previous case (see Fig. 8.4).

Centre of bearing of the joist

Loadbearing wall

Floor joist

Centre of wall

8.1 The centre of bearing of a floor joist coinciding with the centre of the wall.
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This disparity between the position of the centre of gravity of the load and the centroid of
area of the wall is called the eccentricity of the loading. Clearly the case illustrated in Fig. 8.4
displays the greatest degree of eccentricity. Stresses set up by eccentric loading on walls are
higher on the loaded side of the wall and lower on the unloaded side. This stress distribution
presents a tendency for the wall to overturn. This has to be resisted.

If a wall is built excessively tall in relation to its thickness there will be a tendency for it to buckle
under load. To resist this tendency the proportions of the effective height of the wall in relation

Centre of wall

Floor joist

Centre of bearing on
inner quarter of the wall

Eccentricity of the load

Solid brick wall

8.2 The centre of bearing of a floor joist in the inner quarter of a solid wall.

Self Assessment Question 1

What would be the eccentricity (the distance between the centre of gravity of the load
and the centroid of area of the wall) of a cavity wall having a 102 mm thick brick exter-
nal leaf, a 75 mm cavity containing a 50 mm thick layer of insulation and 125 mm thick
concrete blockwork internal leaf and the floor joists bearing onto the blockwork inner
leaf of the wall?
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Centre of the bearing

Floor joist bearing on the
inner leaf of the cavity wall

Eccentricity of the load

Inner leaf of the cavity wall

Outer leaf of the cavity wall

Centre of the wall

8.3 The centre of bearing of a floor joist in the centre of the inner leaf of a cavity wall.

Centre of the wall

Outer leaf of the cavity wall

Inner leaf of the cavity wall

Eccentricity of the load

Centre of the bearing

Joist hanger Floor joist

8.4 The centre of bearing of a floor joist on a cavity wall when joist hangers are used.
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to its effective thickness needs to be kept within acceptable limits. This is called the slenderness
ratio.

The effective height is taken as the distance between points of support or stiffening of the
wall. In domestic construction this is normally the storey height of the building. The effective
thickness of the wall is taken as the thickness of the structural materials and 
ignores the thickness of internal plasters and external rendering where these are used. It also
ignores the thickness of the cavity. However in a cavity wall the external leaf may take 
some of the load that is imposed on the inner leaf of the wall by joining the two leaves
together with wall ties. This will be considered further in this chapter when the construction
of cavity walls is discussed. The effective thickness of a cavity wall for the purposes of
calculating its slenderness ratio is therefore taken as the combined thickness of the two leaves
plus 10 mm width (Building Regulations Approved Document A, Section 1C8). The maximum
slenderness ratio for a wall should be 16.

Cavity walls

These are constructed of two leaves of brickwork or blockwork not less than 90 mm each in
width, separated by an air space or cavity width (Building Regulations Approved Document A,
Section 1C8). The air space must be a minimum of 50 mm in width, but may be 75 mm or
even 100 mm in width (Building Regulations Approved Document A, Section 1C8). In order to
provide stability to the cavity wall, wall ties should tie the external and internal leaves
together. These may be made from galvanised steel, twisted wire, stainless steel or polypropy-
lene and spaced at 900 mm horizontal and 450 mm vertical maximum spacing for 50–75 mm
width cavities or 750 mm maximum horizontal spacing for 75–100 mm width cavities
(Building Regulations Approved Document A, Section 1C8). There have been problems
with some wall ties made from twisted wire or galvanised steel strip corroding over a period
of time; thus wall ties made from polypropylene or stainless steel are to be preferred for
durability.

Slenderness ratio �
Effective height of wall

Effective thickness of wall

Self Assessment Question 2

What is the slenderness ratio of a cavity wall of 2.5 m storey height and having a 23 mm
thick external rendering, 102 mm thick brick external leaf, a 75 mm cavity containing a
50 mm thick layer of insulation, a 125 mm thick concrete blockwork internal leaf and a
13 mm thick internal plaster finish?

Is it acceptable?

Self Assessment Question 3

Why should the maximum horizontal spacing between wall ties decrease when a
75–100 mm wide cavity is adopted?
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Although bricks may be used in both leaves of a cavity wall, lightweight concrete blocks are
now commonly used for construction of the inner leaf instead of bricks. This is because they can
be laid more quickly than bricks (one block is equivalent in size to six bricks) and they have a
better thermal resistivity value than bricks and so make a better contribution to the overall ther-
mal performance of the external wall. However there are disadvantages to the use of these
blocks. In particular they have a lower compressive strength than bricks and this is important
where floor joists are bearing their loads onto the inner leaf of the wall. Fortunately the load-
ings being applied in normal domestic construction are relatively light and within the compres-
sive strength capabilities of these blocks. The manufacture and performance of these blocks was
discussed in more detail in Chapter 7, on Bricks and blocks.

Below ground the bricks in the outer leaf should be frost resistant and have a low soluble
salt content. If blocks are to be used for the inner leaf of a cavity wall below ground they
should have a density of 1500 kg/m3 and a compressive strength not less than 7 N/mm2. The
cavity between the two leaves, if it is maintained below ground, can be filled with a weak
mix concrete to prevent the two leaves being pushed together by the pressure of the sur-
rounding ground (see Fig. 8.5). This concrete should be terminated at least 75 mm below
ground level.

Alternatively a solid wall constructed of brickwork or blockwork can be built from the
foundations to within 75 mm of ground level (see Fig. 8.6). Where deep strip or trench fill
foundations are used, the top of the concrete foundation will come to this level anyway.

Weather resistance

Dampness may penetrate through the external walls into the house in three main ways:

● rain penetrating horizontally through the fabric of the wall;
● the capillary rise of ground water;
● rain penetrating vertically down from the head of the wall.

Cavity wall

Facing bricks above ground level

dpc at least 150 mm
above ground level

Weephole in perpend
Ground level

Engineering bricks or similar 
below ground level

Traditional strip foundation

50 mm weak concrete cavity fill
to 75 mm below ground level

Suitable concrete blocks for
use below ground level

Ground floor construction

8.5 The base of a cavity wall where the cavity is maintained below ground level.
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Resistance to horizontal rain penetration

As discussed in the Introduction to building technology, the horizontal penetration of rain
through the fabric of the wall may be resisted in one of three ways:

● By building the wall thick enough to prevent complete penetration: this relies on the weather
conditions changing before the rain penetrating through the wall has the opportunity to
reach the internal surface. Drying winds or solar heat will encourage evaporation of the mois-
ture within the wall from its external surface, thus drying the wall out. If the wall is too thin
then the rain penetrating through it may reach the internal surface before the weather
change encouraging evaporation has had enough time to take effect. In the past, solid walls
relied on this technique.

● An impermeable barrier is provided to the external face of the wall so that rain is prevented
from penetrating into the fabric of the wall. Applying render or stucco (a material used in
the past to render walls and comprising a mixture of lime, sand and water, mixed with a
small quantity of linseed oil to reduce its porosity) to the external surface of the wall could
provide this external barrier. The main problem with this technique is that if the render
cracks due to drying shrinkage, then rainwater can penetrate through these small hairline
cracks and still enter the wall fabric and soak through to the internal surface. Unfortunately
the process cannot easily be reversed by evaporation as the render acts as a barrier. Because
of this the adoption of impermeable rendering has now lost favour and most modern
renders are now permeable. This topic will be discussed in more detail in the chapter on
External finishes.

● An air cavity can be created between the moist external face of the wall and the dry internal
face of the wall. Because rain cannot cross the air cavity (provided it is at least 50 mm wide)
then the internal surface of the wall will remain dry. This is the concept of the cavity wall.
Most modern houses built with loadbearing external masonry walls use this technique to
fulfil the weather resistance requirement. For it to be fully effective there should be no path

Traditional strip foundation

300 mm concrete blocks
in solid footings

Ground level

dpc at least 150 mm
above ground levelGround floor construction

Cavity wall

8.6 The base of a cavity wall with solid footings.
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for the rainwater to cross the cavity. Unfortunately the cavity in the wall has to be closed
where door and window openings are provided. This aspect will be considered further in 
the next chapter on Bonding and openings in walls. Additionally, where wall ties are used to
strengthen the wall by binding together the external and internal leaves of masonry, there
exists the opportunity for rainwater to cross the cavity via the wall ties. The wall ties must
therefore be designed to have a drip at their centre to prevent them acting as a path for the
rainwater across the cavity. It is also important when constructing the cavity walls to ensure
that no mortar droppings are allowed to fall down the cavity and to lodge on the wall ties,
since otherwise this could provide an effective pathway for rainwater to cross the cavity by
soaking through the dried mortar droppings. When cavity walls were first used it was
believed that the cavity should be ventilated, so that moisture within the cavity itself could
be dried. Thus air bricks were inserted at the top and bottom of cavity walls. This practice has
now been abandoned as it was found that by ventilating the cavity the thermal performance
of the wall was being detrimentally affected.

Resistance to rising damp

Ground water may enter the wall at or near its base and creep up the wall by capillary action to
enter the building above ground level. This rising damp could affect the wall for a height of up
to 1 m above ground level. The problem may be overcome by the use of a damp proof course
or dpc. The dpc must be

● impermeable to moisture;
● continuous throughout the wall;
● durable;
● strong enough to support the loads carried by the wall without extruding;
● unobtrusive when placed in position;
● flexible enough to allow movement within the wall without being damaged;
● comparatively simple to install.

There are eight different types of material in common use for dpc and these may be divided
into three broad categories:

● Flexible
● Semi-rigid
● Rigid

Flexible dpc materials

Lead – This is supplied in thin sheets to BS 1178 Code 4. It is expensive, but will exude under
normal loadings. Its durability can be reduced if it is placed in contact with fresh lime or
Portland cement mortars. To reduce the effect of these mortars the lead sheet may be coated
with bitumen paint.

Self Assessment Question 4

Why should ventilating the cavity have a detrimental effect on the thermal performance
of a cavity wall?
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Copper – This is similar to lead in that it is supplied in sheet form to BS 2870 and is expensive.
It is however highly resistant to corrosion but needs protection from a bitumen paint coating
where soluble salts are likely to be present in the masonry of the wall.

Bitumen Felt – Supplied in rolls and widths similar to the common widths of walls to BS 743.
The felt needs to be lapped by a minimum of 150 mm at ends of rolls. It may extrude under
heavy pressure from wall loadings but this is not normally a problem under light loadings gen-
erally found in domestic construction. Additional strength can be obtained by providing a
lead, copper or aluminium core to the sheet. Bitumen felt is susceptible to damage and is brit-
tle in cold weather and when exposed to prolonged amounts of Ultraviolet light from the sun.

Polythene – This is similar to bitumen felt in that it is supplied in rolls to suit most wall widths.
However, it does not suffer from extrusion under normal loading conditions and there is no
deterioration when it is placed in contact with other materials. Like bitumen felt it must be
lapped a minimum of 150 mm at ends of rolls.

Pitch polymer – A combination of coal tar pitch and a synthetic polymer base, it has similar char-
acteristics to Polythene but is far stronger and therefore less easily damaged.

Semi-rigid dpc materials

Mastic asphalt – A mixture of bitumen and inert mineral matter to BS 1097 or BS 6577
Specification for mastic asphalt for building (natural rock asphalt aggregate). It is applied hot
and spread to a thickness of 13 mm in one coat. It does not deteriorate when placed in contact
with other building materials but is likely to extrude when subjected to heavy loading.

Rigid dpc materials

Brick – Two courses of Staffordshire Blue engineering bricks having a maximum water absorp-
tion of 4.5 per cent by dry weight and bedded in 1: 3 Portland cement : sand mortar. The
bricks are extremely strong and will not extrude under load or deteriorate when placed in con-
tact with other building materials.

Slate – Laid in two courses in a similar manner to brick. The joints between slates should not be
continuous through the two courses.

Polythene dpcs tend to be the most popular for house building.
The dpc should be installed in the wall at least 150 mm above the level of the adjoining

ground (Building Regulations Approved Document C, Section C4 , 4.4).

Resistance to penetration downwards from the head of the wall

Most external walls to houses are protected at their head by the roof positioned on top of them.
However, some external walls may be continued above the level of the edge of the roof to form
a parapet. Where this occurs there is the probability that rainwater will soak down through the
head of this parapet wall and cause dampness to occur in the building below. To prevent this,
a dpc needs to be installed immediately beneath the coping that tops the parapet wall.

Self Assessment Question 5

Why should the dpc be installed at least 150 mm above the level of the adjoining
ground?
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Damp proof courses are also used around openings for the installation of doors and windows
in cavity walls. This will be considered further in the next chapter on Bonding and openings in
walls.

In cavity walls, where rainwater has soaked through the external leaf of the wall, there needs
to be provision at the foot of the cavity wall for this water to be able to drain from the cavity
back to the exterior. This can be attained by providing weepholes in the vertical joints between
bricks at ground level (see Fig. 8.5). Similar weepholes will also need to be provided above
horizontal dpcs over the heads of openings in cavity walls.

Sound insulation

The essential characteristics of sound transmission and insulation have previously been consid-
ered in the chapter Introduction to building technology. In that chapter it was stated that sound
is transmitted through a wall in two ways:

● Airborne sound – The sound waves impinge on the surface of the wall and cause the wall to
vibrate like a diaphragm and so transfer the sound energy to the air on the other side of the
wall.

● Structure borne or impact sound – The sound waves create vibration of the molecules within
the structural materials of the wall. These vibrations can then be passed on to the molecules
in other materials in contact with the wall. Thus impact sound can be passed from the exter-
nal wall to the upper floor and roof structure and be transmitted throughout the building.

The two mechanisms of sound transmission require quite different treatments for insulation
to reduce the amount of sound energy transferred. For airborne transmission the best method
of insulation is to provide mass to the structure. The idea here is that the heavier the structure
is the less likely it is to vibrate as a diaphragm in sympathy with the sound waves impinging on
its surface. For structure borne or impact sound transmission the best mechanism for insulation
is discontinuity or separation between the different parts of the structure so that the sound
energy cannot easily be passed from molecules in one material to the molecules in a neigh-
bouring material. This can be difficult to adequately achieve as the external walls in most houses
fulfil a loadbearing function as well as an enclosing function; thus the upper floors and roof
structures will be in direct contact with the wall for loadbearing purposes. The separation of the
outer and inner leaf in a cavity wall does help to provide some discontinuity within the structure
of the wall itself, but complete discontinuity between the two leaves of the wall is not possible
since the wall ties that link the two leaves together are also likely to be able to provide paths for
structure borne sound transmission across the cavity. In this respect the thinner wall ties manu-
factured from wire will transmit less sound energy across the cavity than the sturdier strip metal
type of wall ties.

There are a number of other factors to be considered in the sound insulation of external walls.
An external wall will need to prevent external noise (particularly traffic noise) from entering the
house, but may also be required to prevent noise generated within the house from affecting the

Self Assessment Question 6

Why should the use of the wire type of wall ties in preference to the metal strip type of
wall ties be a problem when considering the structural stability of the wall?
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external environment. Furthermore, where properties are joined together as will be the case in
semi-detached or terraced house construction, the separating or party walls between the
properties will need to have a good standard of sound insulation to prevent the sound from one
house being transmitted through these walls to the adjoining houses.

Another problem is that the insulation value of a material or an element of the building
structure will vary according to the frequency of a sound. In other words some materials may
insulate sound well at low frequencies but not at higher frequencies and vice versa. Because the
sensitivity to sound of the human ear is normally limited to frequencies within the range of
100–3200 cycles per second, the performance of materials as sound insulators within this
frequency range is considered to be most important. The unit used to measure the intensity of
a sound is the decibel (dB). In considering requirements for sound insulation the intensity of
sound that also takes account of the sensitivity of the human ear across different frequencies is
used. This is referred to as the A weighting (dBA) and is used by the Building Regulations to
determine the amount of sound insulation that should be provided by an external wall to reduce
the transmission of external noise into the building. The target values given in the Building
Regulations Approved Document E, Section 1 are averaged over a 16-hour period from 0700 to
2300 hours for daytime (40 dBA) and over an 8-hour period from 2300 to 0700 hours for night-
time (30 dBA).

In the chapter Introduction to building technology it was stated that the level of sound insu-
lation to an element would be reduced if there were gaps or cracks in the structure that would
allow the easy transmission of sound waves through the structure. Where external walls are con-
structed from semi-porous materials, such as concrete blocks, then the sound insulation of the
wall can be improved by sealing the surface of these blocks with a plaster coating.

In addition, the total sound insulation of an external wall will only be as good as the weakest
element of the wall. Doors and windows will have less mass than the masonry wall in which they
are fixed; thus the total sound insulation of an external wall will be affected by the amount of
door and window openings it contains.

Sound absorption is not the same as sound insulation. The purpose of sound absorption is to
reduce reflection of sound from a wall surface; the purpose of sound insulation is to reduce the
transmission of sound through the wall. Soft quilts may be added to the inner surface of a wall and
this will significantly reduce the amount of sound energy reflected back into the room from that
surface. Although these quilts can absorb up to 80 per cent of the sound energy impinging on the
wall, the 20 per cent that will still pass through the wall can be sufficient to cause a noise nuisance.

Thermal insulation

The thermal insulation of a building element is measured by the air to air transmission coeffi-
cient (U value). This is made up from the thermal resistivity values (the resistance to the passage
of heat) of all the materials and air spaces that make up the building element being considered.
The U value of an external wall is also influenced by its degree of exposure, the amount of solar
radiation it receives, the wind and moisture conditions of the climate (a damp material is less
efficient as a thermal insulator than it is when it is dry). The Building Regulations Approved
Document L, Section 1, 1.2 recommends U values of 0.45 W/m2ºK for exposed walls and 
0.60 W/m2ºK for semi-exposed walls. Because the U value is a reciprocal value of the sum of all
the thermal resistivity values of the various materials contained in the element, a lower U value
represents a higher degree of resistance to the passage of thermal energy.

Similar to sound insulation, the overall thermal insulation of an external wall will be reduced
where large numbers of openings containing doors and windows are contained within the wall
as these elements will have higher U values than the masonry wall.
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In cavity walls the air contained in the cavity is a good insulator provided it is still, and will
offer good resistance to heat flow through the wall. It follows that the wider this cavity is the
better will be the thermal insulation provided by the cavity. However, where cavities are venti-
lated to help rid them of the moist air that may be present when the outer leaf of the wall
becomes saturated, the thermal insulation value of the cavity is likely to be adversely affected
(see Self Assessment Question 4).

The use of lightweight concrete blocks for the construction of the inner leaf of a cavity wall
can improve the thermal insulation value of the wall as the blocks have a higher thermal resis-
tivity value than that of clay bricks.

Further improvements to the thermal insulation value of an external wall can be made by
adding extra thermal insulation material into the construction to the following:

● the external face of the wall;
● the cavity, either by fully or partially filling it;
● the internal face of the wall.

Thermal insulation materials will contain large amounts of air and are therefore particularly
porous; they must therefore be protected from becoming damp through the absorption of large
amounts of moisture. Typical materials may be expanded plastics supplied as solid blocks, beads
or injected foams, glass fibre quilts or mineral ‘wool’ supplied as quilts or blown fibres.

Thermal insulation applied to the external face of the wall

This is generally used on solid walls where no cavity exists to place the extra insulation. The solid
blocks of expanded plastic material, such as Polyisocyanurate are secured to the external face of
the wall and covered with a mesh that provides a good key for a thin coat of external render-
ing (see Fig. 8.7). This coating serves a dual purpose; first, it protects the insulation beneath from
water penetration and second, it provides an attractive surface finish to the wall.

Disadvantages of this technique are that the insulation is vulnerable to impact damage and
the external appearance of the house will be affected by the application of rendering, which
may not be suitable in some areas.

Thermal insulation applied partially within the cavity

This technique is favoured on most new houses. Thermal insulation in the form of expanded
plastic, glass fibre or mineral wool batts (small blocks of material) is installed into the cavity as
the wall is constructed. The batts are secured against the external surface of the internal
leaf (facing the cavity) by means of plastic wheels fixed to specially designed wall ties. A gap
of at least 25 mm is maintained in the cavity between the outer face of the insulation material
and the inner face of the external leaf (see Fig. 8.8). This gap maintains the discontinuity
between the two leaves of the cavity wall for weather resistance purposes. By widening the

Self Assessment Question 7

Why is it that lightweight concrete blocks have a better thermal resistivity value than
clay bricks have?
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cavity a greater thickness of insulation material may be installed and a lower U value can be
obtained.

The disadvantages of this technique is that great care has to be taken during the installation
of the insulation material within the cavity that it does not fall across the cavity and provide
a bridge for the transfer of moisture. Additionally this technique is only available with new
construction and cannot be applied to previously constructed cavity walls where the thermal
insulation may need to be improved. Furthermore it has been found that if the thermal insula-
tion within the cavity is very efficient then the temperature of the external leaf of a cavity wall

Solid brick external wall

12.5 mm plaster internal finish

50 mm board insulation

26 mm cement : sand
render external finish

8.7 Thermal insulation applied to the external face of a wall.

50 mm fibreglass insulation batts

12.5 mm plaster finish
Half brick external leaf

25 mm air space

Wall ties with plastic wheels
to retain insulation batts

150 mm lightweight concrete block
internal leaf

8.8 Partial cavity fill.
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can become quite low, making the clay brickwork in the external leaf more susceptible to frost
damage during periods of cold weather.

Thermal insulation applied fully within the cavity

This technique is used in ‘retro-fit’ situations, that is in situations where additional thermal insu-
lation needs to be applied to a previously constructed cavity wall. Holes are drilled into the
mortar joints of the external leaf of the wall at predetermined intervals and either Polyurethane
or Urea Formaldehyde foam is injected into the cavity or polystyrene beads, or mineral fibres 
are blown into the cavity (see Fig. 8.9). When the cavity has been filled the injection holes are
made good.

The disadvantages with this technique are that with filling the cavity there is the possibility
that water may penetrate from the outer leaf to the inner leaf of the wall. To prevent this from
occurring the polyurethane foam contains resins that repel water. However, as the injected foam
solidifies it shrinks and this shrinkage may be impaired by the rough internal surfaces of the
masonry inner and outer leaves of the wall. Where this happens small cracks may occur within
the foam that may provide paths for the capillary movement of water across the cavity. With the
dry installation of polystyrene beads or mineral fibres these are randomly blown into the cavity
and voids between the individual beads or fibres will be sufficiently large to prevent capillary
paths from occurring. A resin is used to bind the randomly distributed polystyrene beads
together so that they will not cascade out of the cavity should a hole or opening be placed into
the wall after installation.

Thermal insulation applied to the internal face of the wall

Similar to the technique of applying insulation to the external face of the wall it is possible to
apply the insulation to the internal face. Expanded plastic sheets or glass fibre or mineral fibre
quilts may be secured to the internal surface of the wall and then covered with a plaster or

Galvanised wire wall ties

Half brick external leaf

75 mm cavity fill insulation

12.5 mm plaster internal finish

150 mm lightweight concrete block
internal leaf

8.9 Full cavity fill.
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plasterboard finish (see Fig. 8.10). Once again this is particularly suitable for solid walls where
there is no opportunity of putting the extra thermal insulation within the cavity.

Disadvantages of this technique are mainly that it decreases the dimensions of the room and
interstitial condensation may occur within the wall if a vapour barrier is not provided on the
warm side of the insulation. This problem will be considered in more detail in the later chapter
on Timber frame construction.

Fire resistance

The main concern with regard to the fire resistance of an external wall is its ability to withstand
the action of fire encroaching onto the property from outside or to withstand the spread of fire
from one property to another and to provide sufficient stability to the floors and roofs it is sup-
porting to allow fire fighting services to tackle the fire as effectively as possible. Provided the
external wall is situated more than 1m from any external boundary to the property, then the min-
imum periods of fire resistance that should be exhibited by an external wall to a house as speci-
fied in the Building Regulations Approved Document B, Section 12 are 30 minutes for a basement
less than 10 m in depth or where the top storey is not more than 5 m above ground level and 60
minutes where the top storey is more than 20 m above ground level (extremely rare in a house).

Masonry walls either built from solid brickwork or of cavity wall construction with a brick
outer leaf and lightweight concrete block inner leaf have good fire resistance because they are
manufactured from materials that have been through the refractory process (i.e. they have been
produced in a kiln at high temperatures). The fire resistance of a wall generally increases in direct
proportion to its thickness. A typical one-brick thick wall or a cavity wall having a half brick exter-
nal leaf, a 50 mm cavity and a 100 mm lightweight concrete block internal leaf can normally
achieve 6 hours fire protection. This figure can be further improved if the internal surface of the
wall is plastered, particularly if lightweight plaster is used.

As with sound insulation and thermal insulation the performance of the external wall with
regard to fire resistance is reduced when windows and doors are included.

Solid external wall

Plasterboard internal finish

50 mm board insulation

8.10 Thermal insulation applied to the internal face of a wall.
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Durability

The durability of an external wall is affected by three main weathering effects:

● frost action when clay bricks are saturated;
● disruption by the crystallization of soluble salts deposited on or just beneath the external sur-

face of the brickwork by the evaporation of moisture, called efflorescence;
● expansion of mortar caused by the chemical action of soluble sulphate salts diffusing into the

mortar from the clay bricks when the brickwork remains wet for long periods.

All these of these effects were considered in detail in the previous chapter on Bricks and
blocks.

Deterioration in all of these cases is primarily caused by moisture entering the wall. This may
be reduced considerably by providing overhangs at the eaves, lintels and sills to shelter the wall
beneath from the effects of rain.

Appearance

There are a large number of different types of brick available, varying in colour and surface
texture. Different coloured mortars are also available to complement and enhance the colour of
the brickwork. There are also different styles of pointing used for the mortar joints (see
Fig. 8.11).

Patterns are provided by the different bonding arrangements of the bricks in the wall,
particularly where the bricks have a slightly different colour on their header faces to their

Flush pointing

‘Bucket handle’ pointing

Recessed pointing

Weather struck pointing

8.11 Styles of pointing.
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stretcher faces. Bonding will be considered in more detail in the next chapter on Bonding and
openings in walls.

All of these factors affect the appearance of brick external walls, but other external finishes
are also used on walls such as rendering, tile hanging and weatherboarding. These techniques
will be considered further in the chapter on External finishes.

Appearance to external walls is also affected by the arrangement of windows (fenestration)
and the use of precast concrete, stone or brick cills, copings, arches and lintels. These will be
considered further in the next chapter on Bonding and openings in walls.



9 Bonding and openings
in walls

Introduction

Masonry walls can be built from bricks, blocks and stones. The most common method of
external masonry wall construction uses bricks and blocks. This chapter will therefore
concentrate mainly on wall construction using these materials. Walls built from masonry need
to be joined together by a mortar that will allow the masonry units to be adjusted to line and
level when they are being laid and will then stiffen and harden to enable the masonry units to
work together within the wall. Overlapping the masonry units in a bond pattern in order to
transfer the load effectively along and through the wall enhances this. There are a number of
bonds that may be used for solid walls and cavity walls. This chapter concentrates on the five
most common types of bond and also introduces special bricks that are either made to a
particular shape or cut from whole bricks in order to maintain the bond pattern of the wall,
particularly where the wall forms right-angled corners.

Where windows and doors are installed in external walls there is a need to form openings in
the wall for these elements. The openings comprise a lintel or arch at the head of the opening,
a reveal at the sides of the opening and a cill or threshold at the foot of the opening. The wall
will require special treatment at these points in order to maintain its functional requirements,
particularly strength and stability and weather resistance. This chapter reviews some of the
common techniques used for both solid and cavity walls at the head, reveals and cill.

Brick bonding

To provide stability to a masonry wall the bricks, blocks or stones from which the wall is con-
structed must be fixed together by means of mortar, which is a mixture of cement, sand, lime
and water. Mortars should fulfil the following requirements:

● provide adequate strength, but not a greater strength than that is required for the location
or purpose of the wall;

● provide good workability and plasticity to enable the bricks to be bedded and adjusted to the
required line and level and then be able to stiffen and set in a reasonable time period;

● provide adequate durability for the particular location and purpose of the wall, in particular pro-
vide good resistance to frost attack, efflorescence and sulphate attack;

● provide a good bond with the bricks, blocks or stones being used to construct the wall;



● prevent water penetration through the joint when hardened;
● accommodate basic thermal and movement stresses without cracking;
● the materials used should be readily obtainable and economic.

The proportioning of the materials in the mortar will be dependent upon the loads and
exposure that the wall may be subjected to. This may vary from 1 : 2 : 9 cement : lime: sand for
normal masonry work where there is little chance of frost attack, to 1: 3 cement : sand for walls
where extra strength is required. The mortar should not lose the water from its mix easily when
it is laid on dry bricks or blocks. Stiffer mortars, having less water in their mix, are recommended
for masonry units having less absorption, such as stones. Strong mortars are not always the best
to use in wall construction, as they tend to concentrate the effect of differential movement
causing a few wide cracks to occur. Weaker mortars however will take up small movements so
that any cracks are much smaller and less troublesome. The introduction of lime to mortar assists
in providing good workability and plasticity to the mortar so that the masonry units can be
bedded, and adjusted for line and level before the mortar sets. Materials called plasticizers can
also be added to mortars to improve their workability and plasticity. These work by introducing
air bubbles into the mortar, which break down the surface tension so that less water can be used
in the mix to achieve the same level of workability. These air bubbles also help to give the mor-
tar more frost resistance. Where there is a likelihood of sulphate attack from the soluble sulphate
salts within the clay bricks of a wall, the mortar should contain sulphate-resisting cement. This
was discussed in the previous chapter on Bricks and blocks.

To spread the load evenly throughout the wall, the bricks must be laid to a regular pattern or
bond so that the overlap of bricks in one course is achieved above and below in preceding and
succeeding courses. This overlap should never be less than one quarter of a brick length and
allows the load to be spread through a triangular distribution (see Figs 9.1–9.5).

The common bonds used in brickwork are as follows:

● Stretcher bond
● English bond
● Flemish bond
● English garden wall bond
● Flemish garden wall bond

The component parts of a standard brick were considered in the previous chapter on Bricks and
blocks. In describing the five main types of bond listed here, reference will be made in particular
to the header face and stretcher face of the brick. In addition it is important to understand the
terminology used in describing the thickness of a brick wall. The standard size of a brick, 215 mm
in length, 102.5 mm in width and 65 mm in height enables two bricks laid end on with their
header faces showing and using a 10 mm mortar joint between them, to equal the length of one
brick laid with its stretcher face showing. Thus a 215 mm thick wall is described as a 1B wall 
(a wall of one brick thickness) and a 102.5 mm thick wall is described as a 1–2 B wall (half brick
thickness). A horizontal row of bricks is described as a course and is generally 75 mm in height
(65 mm for the brick height and 10 mm for the bedding course of mortar).
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Self Assessment Question 1

What would be the thickness of a 11–2 B wall?
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Stretcher bond

This consists of all stretcher faces in every course with a half brick overlap on each brick
(see Fig. 9.1). This bond cannot spread the load through the thickness of a one brick wall or
thicker wall and is therefore mainly used in half brick walls or the half brick thick external leaf
of a cavity wall.

English bond

This consists of alternate courses of headers and stretchers providing an overlap of one unit over
another in the length of the wall equivalent to one-quarter brick of the length of a brick. In a
solid wall the bricks are bonded through the wall as well as along it. It is not really suitable for
use in half brick walls. Where the wall forms a right angle corner a brick has to be cut in half
lengthways in order to maintain the quarter brick overlap for the bond. This brick is called a
queen closer (see Fig. 9.2).

Stretcher

9.1 Stretcher bond to a half-brick wall.

Header

Stretcher

Queen closer

9.2 English bond to a one-brick wall.
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Flemish bond

This is similar to an English bond except that each course consists of alternate headers and
stretchers and is again mainly used in solid walls. It is not as strong as the English bond but the
appearance is often considered to be better. In order to form a stop end to the wall and still
maintain the appearance of the bond both on the front face and the stop end face, two bricks
need to be cut on a slanted or bevelled line so that one header end of the closer brick so formed
is 1–4 brick thickness and the other is the full 1–2 brick thickness. This brick is called a bevelled closer
(see Fig. 9.3). In a 11–2 B wall a brick may need to be cut in half crossways to maintain the bond.
This brick is called a half bat.

English garden wall bond

This is similar to the English bond, but comprises three courses of stretchers to every one course
of headers (see Fig. 9.4).

Self Assessment Question 2

Why should this bond not be suitable for use in half brick walls?

Bevelled closer

Half bat

9.3 Flemish bond to a one-and-a-half brick wall.

9.4 English garden wall bond.
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Flemish garden wall bond

This is similar to the Flemish bond, but comprises one header to every three stretchers in each
course (see Fig. 9.5).

Openings in walls

Where doors and windows are to be located in walls, openings must be formed. There are
special constructional details required around the openings at the following points:

● the top of the opening or head;
● the sides of the opening or reveals;
● the bottom of the opening or cill.

The head

A lintel or an arch must be incorporated into the wall in order to carry the loads imposed by the
wall above over the opening to suitable supports or bearings on either side of the opening.

The lintel

The lintel must be capable of carrying the load imposed upon it without excessive deflection and
therefore acts as a type of beam spanning across the top of the opening. Lintels may be manu-
factured from precast concrete, pressed steel or mild steel flat or angle section (see Figs 9.6–9.9).
Nowadays pressed steel lintels are favoured more than precast concrete lintels because the lat-
ter are much heavier. However, manufacturers of autoclaved aerated concrete blocks are now
producing lintels in the same material. These are much lighter than the conventional precast
concrete lintel and have a better thermal resistance value.

In cavity walls a dpc must be incorporated with the lintel to prevent rainwater from crossing
the cavity via the lintel. Weep holes should be left in the vertical mortar joints or perpends
between the bricks in the external leaf to drain any water from the lintel out of the cavity. For
this reason pressed steel and concrete lintels are usually sloped from their inner to their outer
face, giving them the appearance of a boot (for this reason they are sometimes referred to as
boot lintels). Because steel is impervious to water, the pressed steel lintels already incorporate a
dpc and do not require an additional one, unlike precast concrete lintels.

9.5 Flemish garden wall bond.
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In order to prevent heat from escaping across the cavity through the thermally conductive
steel lintel, the hollow centre of these lintels is generally filled with a material having a high ther-
mal insulation value, such as expanded plastic.

The arch

In solid walls an arch may be used in preference to a lintel. These are basically of two types:

● Rough arch
● Gauged arch

The principle of the arch is that all the bricks forming each side of the arch are placing a
compressive force against the central brick in the arch or keystone. If the keystone in the arch
were to be removed, the arch would collapse. Arches are curved in shape and generally have
the profile of a segment to a circle (see Figs 9.10 and 9.11).

However, arches may also be constructed with only a slight cambered profile and appear
almost flat in shape (see Fig. 9.12).

Self Assessment Question 3

Why should the inner section of a boot lintel be taller than the outer section?

Internal finish
1B solid wall

Precast concrete lintel

Door or window frame

9.6 Precast concrete lintel to a solid wall.
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Precast concrete boot lintel

Damp proof course

Weephole in brick perpend

9.7 Precast concete boot lintel to a cavity wall.

Precast concrete lintel to
support internal block work leaf

Damp proof course

Weephole in brick perpend

Mild steel flat section to
support external brick leaf

9.8 Precast concrete lintel and mild steel flat section to a cavity wall.

The rough arch

This arch is curved but the bricks are uncut, leaving wedge-shaped mortar joints between the
bricks. To prevent the joints becoming too large, the arch is usually constructed in headers
(see Fig. 9.10). It does not have the pleasing appearance of the gauged arch, but it is cheaper
to construct.
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Tapered joints Headers Keystone

9.10 Segmental rough arch.

Straight joints

Voussoirs Brick on edge 
soldier course

9.11 Semi-circular gauged arch.

Pressed steel lintel
incorporating insulation

Weephole in brick perpend

9.9 Pressed steel lintel to a cavity wall.
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Brick on edge soldier course

9.12 Cambered arch.

200 × 100 mm sole pieces

100 × 100 mm timber pieces

Folding wedges to adjust
the height of props

25 mm laths spanning
between ribs

50 mm thick ribs each side
of the arch centre

9.13 Arch centre.
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The gauged arch

This arch is constructed from wedge-shaped bricks called voussoirs, which produce a uniform
thickness of mortar joint between them throughout the arch (see Fig. 9.11). The shape of each
voussoir is marked out from a template before the brick is cut.

Arch construction

When constructing an arch it must be given temporary support until the mortar joints have set
and the arch has gained sufficient strength to carry the load over the opening. These temporary
supports are called centres. They are usually made from timber and the span, the profile and the
load of the arch being constructed govern their design.

The centre consists of a frame cut to the correct profile of the arch and upon which
are secured thin laths of timber to support the brickwork of the arch. The centre is held
firmly at the required height by braced props standing on sole plates, which provide a stable
base for the props and allow the dead load being carried by the props to be transferred safely
to the ground beneath. Fine adjustment of the height of the centre can be made with the aid
of folding wedges (similar to those used to tighten the struts between the walings in planking
and strutting earthwork supports). Alternatively, telescopic metal props may be used (see
Fig. 9.13).

Arched cavity tray

For cavity wall construction, arched cavity trays are available. They are similar in construction to
pressed steel lintels (see Fig. 9.14).

9.14 Arch cavity tray.
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The reveals

In solid wall construction the brickwork in the reveals is bonded to provide adequate strength
through the wall (see Fig. 9.15).

Internal finish

Jamb to door or
window frame

Galvanised mild steel fixing
cramp built into the wall

Solid 1B wall

9.15 Reveal to a solid wall.

5 mm cavity insulation
held in place with plastic
retainers fitted to the wall ties

Vertical damp proof course

Internal blockwork turned
outwards to close the cavity

Wall tie positioned within
300 mm of the reveal for
the full height of the
opening

9.16 Reveal to a cavity wall.

Insulated cavity closer

9.17 Insulated cavity closer at the reveal.
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Self Assessment Question 4

Why does a dpc need to be incorporated at the reveal where block work is used to
close the cavity?

Window board

Brick cill

Timber cill to window frame

Damp proof course

9.18 Brick cill to a cavity wall.

Window board Timber sub-cill

Galvanised mild steel water bar

Precast concrete cill

Damp proof course

9.19 Precast concrete cill with water bar to a solid wall.

In cavity walls the cavity should be closed at the reveal. This may be achieved by building the
blockwork used to construct the inner leaf across the cavity to meet the brickwork outer leaf at
this point (see Fig. 9.16).
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Alternatively the cavity may be closed at the reveal by using two courses of slate between the
inner and outer leaves of the wall or by using an insulated cavity closer (see Fig. 9.17).

Where blockwork is used to close the cavity at the reveal a vertical dpc must be incorporated
between the brickwork and blockwork where the cavity is closed (see Fig. 9.16). The slate and
insulated cavity closer techniques incorporate their own dpc and therefore do not require a
separate one to be installed. To strengthen the wall around the reveal, wall ties should be posi-
tioned within 150 mm of the reveal and at 300 mm vertical centres for the entire height of the
opening (see Figs 9.16 and 9.17).

The cill

The function of the cill is to shed the rainwater that has run down the face of the door or
window above, away from the wall below. The cill may be part of the door or window frame
(in the door this component is normally called the threshold) or may be a separate component
manufactured from precast concrete or stone. A brick cill may also be constructed from bricks
having a sloping or cambered top edge to help shed the rainwater from the wall below (see
Fig. 9.18).

Where the cill member bridges the cavity it must have a dpc incorporated beneath it, which
is then cloaked up behind its back. To discourage water penetration across the underside of the
cill it is throated with a small groove on its underside. To prevent water penetration across its
flat top edge the cill can incorporate a galvanised mild steel water bar to link it to the bottom
member of the door or window frame and act as a barrier to water attempting to cross this
section of the cill (see Fig. 9.19).

Self Assessment Question 5

Why does a throat discourage water penetration across the underside of the cill?

To cover the inner part of the wall at the cill in a window opening a window board is normally
joined to the back of the bottom section of the window frame.
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Introduction

Wood is an organic material formed by the growth of cells in living trees. The trees produce this
organic matter by the conversion of sap to carbohydrates. This process is aided by photosynthesis.
Foodstuffs are consumed in the cambium to form living cells containing protoplasm. These cells
subsequently modify and lignify to form the different classes of wood cells. Wood cells are
composed mainly of cellulose and the cementing agent lignin. Most woods are slightly acidic.

Timber is a very useful material for building as it is readily available, relatively cheap, easily
converted into the shapes and sizes required, relatively strong and has an attractive appearance.
Timber is used in building for structural members such as beams, joists and rafters, for carcass-
ing purposes such as providing the skeleton framing for timber partitions and ductwork, for
manufacturing purposes such as the making of doors, windows and stairs and for joinery pur-
poses such as skirtings, architraves and decorative panelling.

This chapter considers the structure of timber, the methods used to convert the timber into
useful sections for construction purposes, the methods of seasoning the timber, methods of
grading the timber, common defects found in timber, the physical properties of timber, consid-
eration of the causes and remedies of fungal attack and insect attack, methods of improving the
durability of timber by preservative treatment and the manufacture and use of timber products
such as plywood.

Classification

Timber may be roughly classified into two broad categories:

● Hardwoods
● Softwoods

Hardwoods differ from softwoods in their cellular structure and thus exhibit different qualities
and characteristics. Softwoods have only two types of cell: the pod-like tracheids, which form
mechanical tissue for strength, and cells for conducting water and foodstuffs through the tree
and the brick-shaped parenchyma cells that provide food storage. Hardwoods, on the other
hand, possess needle-like fibres as mechanical tissue and tube-like vessels providing cells
conducting foodstuffs in addition to the parenchyma and sometimes the tracheids.
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Hardwoods are generally very strong and durable and, because of their fine-grain pattern, are
often used for decorative purposes. Most hardwoods come from broad leafed, deciduous trees,
although tropical hardwoods come from evergreen varieties. Hardwoods are generally more
expensive than softwoods, although cost varies with species and the dimensions of timber
required.

Softwoods come from coniferous trees that are mainly evergreens and grow in northern
temperate forests. They often contain resins that may interfere with paint coatings. In general
they are quick growing and so are generally cheaper than hardwoods and comprise about 
75 per cent of the timber used in the UK construction industry, particularly for structural and
carcassing uses. However they have a lower density than hardwoods and generally have lower
strength. They are also often less durable than hardwoods and may therefore require
preservative treatment (see Table 10.1).

Structure

Growth rings – As the tree grows it produces small tubular cells in the form of rings. Each ring
has two parts: Springwood – A wide range of fibrous cells and Summerwood – a narrow
band of dense dark cells. Springwood has a typical density of 350 kg/m3, approximately half
the density of summerwood.

Sapwood – This is formed by new growth rings and is mainly used for conducting and storing
foodstuffs.

Heartwood – As the older sapwood is replaced by new wood, it changes its function to that of
providing structural stability to the tree and becomes heartwood. The proportion of sap-
wood therefore decreases as the tree ages. Sapwood is generally lighter in colour than
heartwood and because it contains water, starch and sugars it is more likely to suffer from
fungal or insect attack. In consequence, heartwood is preferred to sapwood as a building
material. Because it takes longer to grow it is more expensive.

Grain – This is the general arrangement of fibres in the wood. It is often the characteristic that
affects the appearance of a particular piece of timber. Thus decorative timbers are often
chosen for their grain structure.

Rays – These are the radially arranged food cells called parenchyma. They conduct food
transversely through the wood.

Pith – This is the spongy central cellular core to the tree.
Bark – This is the outer sheath of cork that protects the tree.
Cambium – This is a layer beneath the bark where cells are manufactured to produce growth

rings (see Fig. 10.1).

Table 10.1 Typical imported and home produced timbers.

Typical hardwoods Typical softwoods

Imported Imported
Afrormosia, Mahogany, Douglas Fir, Parana pine,
Obeche, Sapele, Teak, Pitch Pine, Redwoods,
Utile Western Hemlock,

Western Red Cedar
Home produced Home produced
Ash, Beech, Birch, Elm, European Spruce, Larch,
Oak, Sycamore Scots Pine, Yew
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10.2 Flat sawn timber.

Pith

Heartwood

Springwood

Cambium layer
Bark

Summerwood

Sapwood

Rays

10.1 Structure of a tree.
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Conversion

This involves the cutting up of a log into sawn timber or veneers. In the conversion process
various types of saw are used, but principally circular saws, band saws and frame saws.

The log may be cut in various ways but the two most typical are as follows:

● Flat sawn – The log is cut longitudinally into flat boards (see Fig. 10.2).
● Quarter sawn – The log is sawn into quarters and each quadrant is subsequently sawn to

produce flat boards (see Fig. 10.3).

The method used for conversion has a bearing on the resultant grain pattern available and
the wear resistance of the timber. Flat sawn timber from softwood has a more decorative
appearance than quarter sawn, but this does not generally apply to hardwoods, since their grain
pattern depends largely upon irregularities in the grain as well as the arrangement of rays.
Quarter sawn boards shrink less than flat sawn boards and generally give more even wear if used
in flooring. However, the waste is greater in quarter sawing than it is in flat sawing.

Seasoning

Timber from a recently felled tree contains moisture in the cells, particularly the sapwood. The
amount of moisture contained in the felled tree is dependent on its species and age and can
vary from 22 to 60 per cent. Generally softwoods have higher moisture contents than hard-
woods. If the timber is installed in the building with this high cell moisture content still present
it will, in time, undergo a natural drying process from the temperature and humidity conditions
prevailing within the building. As the cell moisture evaporates the timber will begin to shrink,
leaving unsightly gaps at joints or even causing warping of the timber.

10.3 Quarter sawn timber.
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Self Assessment Question 1

Why do softwoods generally have higher moisture contents than hardwoods when they
are freshly felled?

Seasoning is the process of reducing the moisture content within the timber, by controlled
methods, to a level appropriate to its final use, before it is fixed within the building. Timber is
hygroscopic, that is it has the ability to take in or give off moisture vapour until it reaches an
equilibrium value with the humidity conditions of the place that it is located in. Timber required
for internal use should be seasoned such that its eventual moisture content approximates with the
average humidity of the room into which it is to be fixed. The moisture content of timber is
generally calculated as a percentage of the dry weight of the wood and should be reduced
according to the purpose to which the timber is to be put. The moisture content of timber in a
well-heated building is likely to be 8 per cent in summer and 15 per cent in autumn, whilst
externally the moisture content of timber may typically change from 15 per cent in summer to
22 per cent in winter.

Seasoning may be accomplished by two main methods:

● Air seasoning
● Kiln seasoning

Air seasoning

The timber is stacked outdoors, protected by temporary sloping roofs, with gaps between
each board and the air is allowed to flow around the timber. The process is slow, especially
during winter months, and it is not usually possible to reduce the moisture content much below
17 per cent by this process.

Kiln seasoning

The timber is stacked in a kiln with gaps between each board and air, heated by passage over
steam pipes to the desired temperature, is circulated through the piles. The air must contain a
certain amount of humidity, regulated by the admission of steam, to prevent the timber from
drying too quickly and splitting. The humidity level of the air is gradually reduced as the timber
dries.

This process is much speedier than air drying, is closely controlled and allows the reduction of
moisture content to be taken to levels as low as 12 per cent.

A combination of air and kiln seasoning can be used whereby the moisture content of the
timber can be reduced to approximately 20 per cent by air seasoning before further treatment
is carried out by kiln seasoning to reduce the moisture content of the timber to the required

Self Assessment Question 2

What is the main disadvantage with kiln seasoning?



110 Timber

level. By this method the amount of time the timber must remain in the kiln is reduced and kiln
throughput is considerably increased.

Timber defects

Knots – created when a part of a branch becomes enclosed in a growing tree. Knots cause
problems because of their hardness, causing uneven wear in floor boards and difficulty in
working the timber. There are several types of knots. A sound knot is one free from decay and
at least as hard as the surrounding wood. A dead knot has its fibres interwoven with those of
the surrounding wood. A loose knot is a dead knot that is not held firmly in place. BS 1186
does not allow exposed, decayed or dead knots in joinery timbers, but will allow sound, tight
knots provided they are not too large. They are often considered to be unsightly in hardwood,
but can enhance the appearance of softwood. However, they often contain resin, which must
be sealed before the wood is painted; otherwise it may exude and damage paint coatings.
Knots, because they interrupt the bonding of the natural fibres of the timber, often reduce
the timber’s strength in tension but not in its resistance to shear and splitting.

Rind galls – surface wounds that have eventually become enclosed in growth and thus affect
the continuity of the natural fibres within the timber.

Burrs – swellings of highly contorted grain, resulting from many undeveloped buds that have
formed over a wound. They do not affect the strength of a timber and are often used to
decorative effects in oak and walnut veneers.

Shakes – a separation of fibres along the grain of the timber, which are caused by stresses within
the living tree. A cross shake occurs in cross-grained timber and follows the grain. A heart
shake occurs radially originating at the heart of the tree. A ring shake follows a growth ring.

Brittle heartwood – if the heartwood is too brittle it may suffer from brittle fracture when
subjected to a load.

Wide growth rings – this indicates too rapid growth, resulting in thin walled fibres, with a
consequent loss of density and strength.

Spiral grain – this may lead to distortion of the timber during seasoning.
Splits – a separation of fibres along the grain of the timber forming a crack or fissure that

extends through the piece of timber from one surface to another. This reduces the timber’s
usability, since it affects its strength and appearance. Splits are often caused by too rapid dry-
ing in the kiln.

Checks – similar to splits but the crack does not extend through the timber from one surface to
another. Again too rapid drying in the kiln often causes these.

Stress grading

Timber can be graded to determine whether it is suitable for structural purposes. This stress
grading was initially done by visual inspection and considered the defects in the timber that
could affect its structural strength. Nowadays most stress grading is carried out by machine.

Lengths of timber are passed through the grading machine, which imposes a load at various
places along the length of the plank to stress the timber and measures the reaction to that load.
The process is fully automatic and the timber is graded into strength classes as defined by 
BS 5268 Code of practice for the structural use of timber. This categorises timber into ten
strength classifications irrespective of species. Classes 1 to 5 are generally softwoods and 6 to
10 are generally hardwoods. Strength classifications SC3 and SC4 are common for softwoods
used for structural purposes in building and these two classifications are referred to in the
Building Regulations Approved Document A, Section 1B. New strength classes are now being



Timber 111

introduced in order to comply with EC5 the European code for the structural use of timber. In
this code timber will be classified according to its type (prefixed with a C for softwood and D
for hardwood) and the characteristic bending stress of the timber. Timbers destined to be used
in the manufacture of trussed rafters are prefixed with the letters TR.

Physical properties of timber

Because the term timber covers such a wide diversity of different species of tree, it is extremely
difficult to generalise about the physical properties of timber. However, it is possible to sum-
marise about how certain physical characteristics found in timber have an effect on the physical
properties of the timber. The following physical properties will be considered:

● Strength
● Moisture and thermal movement
● Thermal resistance
● Sound insulation
● Fire resistance
● Durability
● Appearance

Strength

Timber has a high strength: weight ratio, that is it is quite strong both in tension and compres-
sion relative to its weight. The strength of timber increases virtually in direct proportion to its
density. The tensile strength of timber is up to 30 times stronger along the grain than it is across
it and the compressive strength is up to 3 times stronger along the grain than across it. The
strength of timber decreases with its moisture content. Increases in the temperature of timber
can also detrimentally affect its strength. Timber is also quite an elastic material, that is it will
deform under load but can retain its original shape once the load has been removed.

Strength is also affected by the amount of defects in the timber such as knots, shakes, checks,
splits, brittle heartwood and wide growth rings.

Moisture and thermal movement

Because timber is hygroscopic it can easily take up or lose moisture from and to the surround-
ing atmosphere, causing the timber section to correspondingly swell or shrink. Timber may
therefore swell by up to 6 per cent in the tangential direction, by up to 4 per cent in the radial
direction but only 0.1 per cent in the longitudinal direction. This shrinkage and swelling move-
ment can have a profound effect on timber, particularly if it has a relatively high moisture con-
tent before it is incorporated into a building and subsequently dries fairly rapidly in the heated
conditions of the building. Gaps can open up in the joints between members and, if the timber
member is restrained, any moisture movement can lead to unacceptable stresses being imposed
on the member which may cause it to twist or warp and, in the worst cases, these stresses may
cause the timber to crack or split.

Thermal movement is relatively negligible, being slightly more conspicuous across the grain
than along it. It should however be borne in mind that a rise in temperature of the timber can
cause the member to lose moisture, dependent on the humidity level of the surrounding air, and
this loss of moisture could cause the timber to shrink.
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Thermal resistance

Timber is a good thermal insulator. The thermal conductivity of a typical timber having a density
of 481 kg/m3 with a moisture content of 20 per cent is 0.14 W/mºK. Generally the thermal con-
ductivity of timber increases with density and moisture content.

Sound insulation

Like most materials the sound insulation properties of timber improve with density.

Fire resistance

Although timber is combustible due to the emission of flammable gases when the temperature
of the timber reaches about 300ºC, it is possible to provide an acceptable level of fire resistance
for a timber member being used for structural purposes in a building by the process of
sacrification. This technique is based on the knowledge that when timber begins to burn it does
so from the outside. As the exterior of the timber burns it chars (i.e. it produces charcoal).
Although charcoal burns it does so at a higher temperature than that of timber (about 500ºC)
and this layer of charcoal can insulate the timber beneath it as well as prevent oxygen from
reaching the internal timber. The consequence of this is that the rate of burning is slowed down.
The charring rate of timber is dependent on its density and moisture content but can be
estimated as approximately 30 mm per hour for timber having a density greater than 650 kg/m3

and about 25 per cent greater for timbers having a density less than 650 kg/m3. Therefore it is
possible to determine an acceptable fire resistance for a structural timber member and add on
an extra thickness of sacrificial timber to the basic size of the timber member to account for the
charring rate.

Structural timbers used in domestic house construction will normally only require achieving a
fire resistance of 30 minutes.

Durability

The durability of timber varies with the species and the proportion of heartwood to sapwood in
the timber itself. Timber has good resistance to sunlight and frost and can be submerged in
water for long periods of time without any adverse effect. The combination, however, of water
and air leads to an environment in which wet rots may flourish. The greatest risks to the dura-
bility of timber are fungal attack and insect attack, which will be discussed in more detail in the
requisite sections later.

Timbers may be classified according to their natural durability derived from the amount of
natural acids and other chemicals that are present in the heartwood and are toxic to fungi. The
Building Research Establishment has graded the natural durability of timber by species into five
grades (see Table 10.2).

Self Assessment Question 3

A structural timber member is required to be 300 mm deep x 150 mm wide. The timber
has a density of 500 kg/m3. It is required to have a fire resistance of 1 hour. Determine
the actual size of the member.
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Timbers having low natural durability may have their durability enhanced by the addition of
preservatives. Again the ability of timbers to absorb preservative treatments varies with the
species. The Building Research Establishment has classified these into four groups:

● Group 1 – Permeable – amenable to treatment and can be penetrated completely under pres-
sure without difficulty.

● Group 2 – Moderately resistant – fairly amenable to treatment.
● Group 3 – Resistant – difficult to treat.
● Group 4 – Extremely resistant – virtually impervious to treatment.

Fortunately there is a significantly high correlation between perishability and permeability to
preservative treatment, although there are some exceptions. Preservative treatment of timber is
considered in a separate section later.

Appearance

Appearance is only really significant in timber used for joinery purposes as structural timbers and
timbers used for carcassing are not generally seen. The appearance of timber is affected by grain
pattern and colour along with natural defects such as knots, shakes, rind galls and burrs. In
some cases these defects contribute to enhancing the appearance of the timber, for instance
knots in softwood and burrs in some hardwoods. In other cases these defects can detrimentally
affect the appearance of the timber and its use for joinery purposes.

Fungal attack

Fungi are a group of simple plants that do not have leaves or flowers and so cannot manufacture
their own food by photosynthesis. They therefore rely on being able to consume stored foods
in timber by the action of enzymes. As such they are parasitic organisms. They mainly consume
the cellulose in timber, but some fungi will also consume the lignin. In order to digest this
material the fungi require the timber to be damp (a minimum moisture content of 20 per cent),
the air to be still and a minimum of sunlight. Some fungi will thrive on living trees, others thrive
on unseasoned wood. It is intended here to only consider those fungi that attack timber in
buildings.

Table 10.2 Durability grades of timbers.

Durability Average life of 50 x Typical species
grade 50 mm stakes in

ground contact

Perishable Less than 5 years Ash, Beech, Birch, Sycamore
Non-durable 5–10 years Elm, Douglas Fir, Obeche, Spruce
Moderately 10–15 years Cedar, Larch, Mahogany, Sapele,

durable Walnut
Durable 15–25 years Chestnut, Oak, Utile, Yew
Very durable Over 25 years Afrormosia, Ebony, Iroko, Teak

Source: Adapted from BRE Digest 296, Timbers: their natural durability and resistance to
preservative treatment, reproduced with permission of BRE.
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Fungal attack in buildings can be classified into two main types:

● Dry rot
● Wet rot

Dry rot

Serpula Lacrymans, formerly known as Merulius Lacrymans, is a fungus that attacks the cellu-
lose in timber, breaking the internal part of the timber member into small cubes leaving the
wood feeling dry and crumbly.

The life cycle of this fungus is similar to that of other fungi. It begins with the fruiting body
releasing millions of spores into the air. These are carried by air currents until they alight on a
piece of timber that has the right conditions for growth. The timber must have a moisture
content greater than 20 per cent and it should ideally be in a dark position with little ventilation.
Because of this, timbers in suspended timber ground floors are particularly susceptible to attack
by this fungus. Once the spores have landed on the timber they germinate, fine white strands
called hyphae spread out across the timber and feed on the cellulose. They then combine to
form a cotton wool-like structure called mycelium. Further strands called rhizomorphs develop
from the mycelium conveying moisture to new wood and making it suitable for attack. These
may spread through plaster and even brick walls to find other timber to attack. In fact it is not
uncommon for moisture to be drawn out of damp walls to sustain the fungus. Finally the
fruiting body called a sporophore is produced and when conditions are favourable it releases
spores into the atmosphere and the cycle commences again.

The symptoms of an attack of dry rot are a characteristic ‘musty’ smell, the appearance of
spreading mycelium, rhizomorphs or the fruiting body, which is whitish-grey when it first
appears and then becomes leathery, the appearance of deep, cube-like cracks across the grain
of the timber and finally a total loss of strength and density in the timber.

Remedial treatment has to begin with a survey of the building to determine the extent of the
attack. This will require the removal of floor boards and may require the removal of plaster to
walls. All infected timber must then be removed and burnt. The area where the fungus was
established then needs to be treated with a liberal application of fungicide. Affected walls
should be treated with a blowlamp to kill any fungus that may still be present. The cause of the
infection should then be tackled; this may be a leaking gutter or down pipe, a broken roof tile
or defective flashing or a lack of adequate ventilation beneath a suspended timber ground floor.
Finally the affected timbers that have been destroyed must be replaced with new timbers that
have been adequately treated with preservatives.

Wet rot

This is a general name given to a group of fungi that are of a similar type, Coniophora Puteana,
formerly known as Coniophora Cerebella and also known as cellar fungus, which is the most

Self Assessment Question 4

Why are timbers containing higher proportions of sapwood to heartwood particularly
vulnerable to fungal attack?
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common. These fungi need a moisture content in the timber of at least 25 per cent. This is
generally too wet for dry rot to survive.

Wet rots can normally be identified by fine dark brown or blackish strands and a green
leathery fruiting body can sometimes be seen. The timber develops deep cracks along the grain
and the infestation is normally localised to the area of saturated timber.

Phellinus Contiguus, formerly known as Porio Contigua, is a wet rot that attacks and
consumes both the cellulose and the lignin in timber, particularly windows and door frames. The
affected timber breaks into soft strands.

Because wet rots do not normally spread to neighbouring dry timber and brickwork, as is the
case with dry rot, the remedial treatment is to cut out the affected timber, treat the area with
fungicide, remedy the cause of the dampness and replace the affected timber with suitably
preserved timber.

Insect attack

Most of the insects responsible for damage to timber in buildings are beetles. They have a
characteristic life cycle. The adult insects lay their eggs in cracks or crevices in the timber. The
larvae develop and bore into the timber feeding on the cellulose and leaving behind a fine
powder called frass. It is this stage that causes the greatest damage to affected timbers. After a
period of time that alters with the type of insect (from one to five years), the larvae make their
way to just below the surface of the timber and turn to pupae; after a few weeks in this stage
the grubs then emerge as fully developed adult insects. They make their way to the surface of
the timber and emerge through flight holes to mate and repeat the cycle.

Insect attack may be identified by the appearance of the adult beetles, the appearance of the
larvae, the appearance and texture of the frass and the size, shape and cross section of the bore
tunnels. Although there are a wide number of insects that can attack timber in buildings the
most commonly found are the following:

● Death watch beetle
● Common furniture beetle
● House longhorn beetle

Death watch beetle

These are 6–8 mm in length and dark chocolate brown in colour. The white, lemon-shaped eggs
are laid in clutches of approximately 70 in cracks and crevices in hardwoods, especially old
timber, often after fungal decay has taken place. The larvae are curved in shape and create a
bore dust of bun-shaped pellets that are visible to the eye. The larval stage normally lasts for
3–10 years and the pupal stage normally lasts for 3–6 weeks. They then produce a characteristic
rapping of their heads against the timber as a mating call and then emerge through 3 mm
diameter flight holes in the spring.

Common furniture beetle

These are 2–3 mm in length and reddish to blackish brown in colour. The beetle, often known
as woodworm, attacks the sapwood in timber. The larvae are crescent shaped and create a bore
dust with cigar-shaped pellets that is gritty when rubbed between the fingers. The larval stage
normally lasts for 1–3 years and the beetle emerges from 1.5 mm diameter flight holes in July
or August.
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House longhorn beetle

These are 8–25 mm in length and brown or black in colour. The beetles only attack seasoned
softwoods and are mainly confined to the South East of England. The larvae are straight bodied
and white in colour and create a very coarse bore dust, having tiny chippings contained within
it. The tunnels are often 12 mm wide and shallow. Flight holes are oval shaped and 6–12 mm
in diameter.

Rectification of insect attack needs to commence with a survey to determine the extent
of the attack. Powerful vacuum cleaners are then required to remove all dust and frass from
the timber prior to liberally treating the affected timbers with insecticide. Badly infected
timber should be removed and replaced with new timbers that have been treated with
preservatives.

The use of harmful chemicals to treat insect attack is being replaced in some parts of the
world now by the use of irradiation of affected timbers or exposing the timber to ultraviolet
light. Biologists are also developing enzymes that cause fungi to consume themselves, rather
than the timber, finding anti-feedants that put larvae off their food and synthesising the sex-
allure scent of the female Common furniture beetle to lure the male into a sticky trap before it
can mate.

Preservative treatment

As discussed in the section on durability of timber, timbers of differing species vary considerably
in their natural durability. Although it is advantageous to use timbers that have high natural
durability, it is not always economic to do so. Timbers with low natural durability may be used
in situations where decay may occur, provided they have received initial treatment with a
preservative.

Decay may be prevalent in the following situations:

● where the timber is in contact with the ground;
● where the timber is used at or below dpc level;
● where the timber is wholly enclosed in masonry or concrete;
● where adequate ventilation cannot be provided;
● where the equilibrium moisture content of the timber is likely to exceed 20 per cent;
● where low durability timber is used in high risk situations where temperature, ventilation and

humidity levels are unacceptable;
● where fungal and insect attack are prevalent.

Timber preservatives should have the following qualities:

● easy to apply;
● able to penetrate deeply into the timber;
● highly toxic to fungi and wood-boring insects at relatively low concentrations;
● able to be retained in the timber, even when saturated;
● no smell or colour;
● harmless to operatives, paint coatings and furnishings;
● non-corrosive to metals;
● non-inflammable;
● available at a reasonable cost.
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No one preservative can claim to have all the qualities listed here but the best have most of
them. Timber preservatives are classified into three distinct types:

● Tar oil preservatives
● Waterborne preservatives
● Organic solvent preservatives

All three provide protection against fungal decay and attack by wood-boring insects.

Tar oil preservatives

The best known of these is Creosote. However recent tests on this material have shown it to be
carcinogenic and so it can only be used under controlled conditions and not applied on site.

Tar oil preservatives are leach resistant (they do not easily drain from the wood when saturated
with rain water) and so are particularly suitable for treating timbers used in exterior work, immersed
in water or buried. They can be applied to timber with a relatively high moisture content. They are
not usually corrosive to metals. However, they are difficult to paint over and the preservative tends
to creep when placed in contact with plaster or other absorbent materials. They have a strong
odour, which may be picked up by food placed nearby. Freshly treated timber is more flammable
than untreated timber, due to the volatile oils used as a solvent, but the flammability of the treated
timber is no greater than that of untreated timber once these volatile oils have evaporated.

Waterborne preservatives

These are cheaper and easier to transport than other preservatives as they are in powder form
and can be mixed with water on site. They are odourless, non-inflammable, non-creeping and
easily penetrate into most timbers. They may be painted over when the treated wood has dried.
However, although they are non-leaching initially, there is a tendency for the preservative to
leach in time when used on timber in contact with the ground or water. They can also be
corrosive to metals and re-drying of the timber after treatment is necessary.

Organic solvent preservatives

These are non-corrosive to metals, non-creeping, leach resistant and penetrate well into most
timbers. Unlike waterborne preservatives they do not swell the timber on application, and re-
drying of timber after treatment is not required. The treated timber may be painted when dry
and the preservatives are non-injurious to plant life after the solvent has evaporated. However,
similar to tar oil preservatives, a volatile solvent is used for these preservatives so the freshly
treated timber is more flammable than untreated timber until the volatile solvent has
evaporated. They also have a strong odour that may be picked up by food placed nearby and
are the most expensive.

The uptake of preservatives by timber is related to the anatomical structure of the wood and
the amount of water in the cells. For this reason timber should be seasoned before treatment
with any preservative, but particularly where waterborne preservatives are to be used, and all
necessary cutting, shaping and boring should be undertaken prior to treatment. However, if
complete working of the timber prior to treatment is impossible a liberal application of
preservative should be applied to all cut surfaces prior to fixing. As stated before, this last
measure cannot be used with Creosote but other substitutes are now available that are less
hazardous to health and may be applied in situ.
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Application of preservatives

This may be undertaken by four main methods:

● brushing or spraying;
● dipping, deluging or steeping;
● hot and cold open tank;
● pressure impregnation.

The method employed will depend upon the following factors:

● the location in which the timber is to be used;
● the type of timber;
● the permeability of the timber;
● the type of preservative being used;
● the cost of the application process.

With brushing or spraying the penetration into the timber is limited. The surfaces to be
treated must be effectively coated and the process repeated every 2–3 years.

Deluging, dipping or steeping ranges from a quick dip of the sections to be treated into the
preservative (dipping), laying the timber sections in a tank and pouring the preservative over
them (deluging), to laying the timber sections in a tank of preservative for several weeks
(steeping). As can be expected, of these three methods steeping gives the greatest depth of
penetration and dipping the least.

The hot and cold open tank method involves immersing the timber into a tank of preservative,
which is then heated to 80–90ºC and then allowed to cool. This forces the preservative into the
cells of the timber and gives a better depth of penetration than the cold applied methods pre-
viously considered. However it is more expensive as it uses energy to heat the preservative. It
also requires the use of equipment that is not available on site.

Pressure impregnation involves the timber being sealed in a pressure vessel; air is then
removed from the vessel under vacuum. The preservative is then forced in under strict control
and a second vacuum stage removes any excess preservative. This technique may be used either
by the full cell method, in which the cells of the timber are filled with preservative or the empty
cell method, in which only the walls of the cells remain coated with preservative. This method
is the most expensive but gives the best depth of penetration of all. This is particularly useful in
treating timbers with low permeability.

Timber products

The sizes of timber members that can be used in a building are normally restricted to the size of
the tree from which the timber has been derived. This is rather restrictive for sheet or board
products; therefore various methods have been developed in order to manufacture sheets and
boards from timber or derivatives of timber. This has been made easier in recent years with the
development of strong resin adhesives that are able to bond composite materials together to
form sheets or boards up to 1.2 x 2.4 m in size that can be used in a number of building
applications.

The most common of these sheets or boards are the following:

● Plywood
● Blockboard and laminboard
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● Particle board
● Fibre board

Plywood

Thin strips of timber, called veneers, are stripped off the circumference of logs by a cutter similar
to a giant pencil sharpener. These veneers or plies are then bonded together to form a board.
In order that movement stresses within the board are balanced the alternate plies are crossed at
90º to each other around a central core ply. This produces an odd number of plies (3 ply, 5 ply
etc.) but the resulting board is very stable and extremely strong for its thickness.

Plywood may be used for exterior applications but the timber chosen for the plies must be of
durable quality and the adhesive bonding the plies together must be water and boil proof
(WBP), for otherwise the board may de-laminate when it becomes wet. Plywood is an expensive
sheet material and therefore tends only to be used where its enhanced strength, low moisture
movement and good durability properties are particularly important.

Blockboard and laminboard

Blockboard comprises a group of timber ‘blocks’ generally 25 mm in width and 12–43 mm in
thickness glued together to form a solid core onto which is then bonded a ply veneer to each
side. The resulting board has the strength equivalent to the timber used for the blocks and is
useful for the construction of shelves and cupboards.

Laminboard is a similar product to blockboard but the strips of timber used for the central core
are much thinner, generally 7 mm. In consequence, the board produced has less surface
distortion and therefore produces a higher quality surface finish.

Both blockboard and laminboard are used in solid core flush door construction. This will be
considered in more detail in the chapter on Doors and frames.

Particle board

These comprise particles or ‘chips’ of timber bonded together with a resin adhesive and pressed
or extruded between platens to form a board. The most commonly known of these particle
boards is chipboard. There are a wide range of different qualities of particle board available.
General purpose board is the least expensive but can lose up to 60 per cent of its strength and
increase by 10 per cent in thickness when wet. Boards used for flooring or roof decking should
be of a higher strength grade and where used in areas where dampness could affect the
functioning of the board, moisture-resistant boards using more durable adhesives should be used.
A heavy-duty board is also available for areas where loading is likely to be higher than normal.

Fibre board

These are produced by pulverising wood down to individual fibres that are then mixed with small
quantities of adhesive and then pressed into boards. The degree of compression determines the

Self Assessment Question 5

How has the plywood board been able to be made strong yet thin?



density of the board and to a great extent its strength. Hardboard is most compressed and has
a typical density of 900 kg/m3. It does suffer from strength loss and swelling if it becomes wet.
A tempered version can be used in damp situations. Hardboard can be used as a facing to inter-
nal flush doors, but higher quality doors generally use plywood facings.

Medium density fibreboard (MDF) has densities of 660–800 kg/m3 and is particularly suitable
for the construction of work surfaces.

Low-density fibreboards are more commonly known as insulation boards and can be used as
wall or ceiling linings.
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11 Ground floors

Introduction

The primary function of all floors in a building is to provide support to the occupants of the
building, along with any furniture and equipment. This chapter will consider the functional
requirements of floors, both ground floors and upper floors, and compare and contrast how the
functional requirements are affected by the location of the floor. The four main types of ground
floor used in domestic construction are then considered.

Functional requirements

These relate to all floors, both ground floors and upper floors. However there are some distinct
differences related to the location of the floor.

Strength and stability

The loads being carried by the floor need to be supported without causing excessive deflection
(bending) of the floor and for the floor to be able to carry the loads to suitable supports. Ground
floors will normally bear their loads directly onto the ground beneath, whereas upper floors will
need to bear their loads onto supporting walls or beams. Where floors are fully supported by
the ground beneath, deflection will be minimal and well within acceptable limits. However when
the floor is spanning freely between two supporting walls, the tendency for the floor to bend
under the load will be increased. This deflection will be maximised at mid-span, the point
furthest away from the supports. The depth of the supporting members of the floor (the joists)
will need to be sufficient to reduce the deflection to within acceptable limits. This aspect is
considered in more detail in the chapter on Upper floors.

Fire resistance

Floors act as horizontal barriers to curb the spread of fire vertically throughout the building. This
is normally only a requirement for upper floors.



Sound insulation

Floors need to reduce sound transmission between storeys. Again this is normally only a
requirement for upper floors. It may be necessary to incorporate sound insulation materials
within the construction of the upper floor.

Thermal insulation

Heat loss through the floor construction is normally only a problem with ground floors where
heat from the building may escape to the cooler area of the ground beneath. It will therefore be
necessary to incorporate thermal insulation materials within the construction of the ground floor.

Damp penetration

Dampness may penetrate from the moist ground beneath the floor into the building by capillary
action through the porous materials of the floor construction (refer back to the section on capillarity
in the chapter Introduction to building construction). Ground floors will therefore normally require
a damp proof barrier to be incorporated within their construction to resist this rising damp. 

Ground floors may be of either solid or suspended construction. Solid construction is gener-
ally the easiest and cheapest to construct.

Solid floor construction

The floor is constructed on a bed of well-compacted hard material called hardcore. It provides
the following benefits:

● a level, horizontal surface on which to place the floor slab;
● a firm, dry working surface on which to place the concrete for the floor slab;
● it reduces the rise of ground moisture by virtue of the large voids between the pieces of

hardcore which eliminate capillary paths;
● it provides additional support to the floor above should the ground beneath suffer settlement

or subsidence.

Hardcore consists of broken bricks, stones, concrete or rubble. It must not contain materials that
are soft or can crumble easily and must not contain deleterious material that will either rot or
corrode, leaving voids or react with the concrete.

Self Assessment Question 2

Why is it important that hardcore should not contain materials that are soft or can
crumble easily?

Self Assessment Question 1

(a) Why should the floor slab require a level, horizontal surface on which to be laid?
(b) Why should the floor slab require a firm, dry surface on which to be placed?
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The lumps of hardcore should be relatively large, but generally not larger than 75 mm in
diameter.

It should be laid to a minimum thickness of 100 mm, be well compacted and have its surface
‘blinded’ with a layer of ash or sand. This helps to fill in the large voids between the pieces of
hardcore on the surface and prevents loss of concrete into these voids and also covers the sharp
arrises on the surface pieces of hardcore that could puncture a damp proof membrane (dpm)
placed above.

The dpm prevents the rise of ground moisture through the floor construction. In order for it
to be functional it must be continuous, impervious and join up with the dpc in the walls.

There are three positions in which the dpm may be located within the floor construction:

● sandwiched between the blinding above the hardcore and the concrete slab;
● sandwiched between the top of the concrete slab and the screed;
● sandwiched between the surface of the slab and the floor finish.

If the dpm is to be placed between the blinding and the concrete slab it will normally comprise
a 1200 gauge low-density polyethylene sheet (see Fig. 11.1). This sheet, being of finite width

Self Assessment Question 4

Why should the dpm join up with the dpc in the walls?

Self Assessment Question 3

Why is it important that the lumps of hardcore should be relatively large?
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38 mm cement : sand screed

Fabric mesh reinforcement

150 mm concrete slab
50 mm insulation

50 mm sand blinding

150 mm well compacted hardcore

Damp proof course

Damp proof membrane

Ground level

11.1 Solid ground floor with dpm below the floor slab.



must be lapped or sealed effectively at its edge joints. Alternatively bitumen sheet may be used
as a dpm in this position.

If the dpm is to be placed above the concrete slab then it may comprise a 1200 gauge
polyethylene sheet or bitumen sheet as previously considered, or three coats of a cold applied
bituminous solution that can be applied by brush, or two coats of hot applied mastic asphalt
similar to the tanking used in basements. In these cases the screed will need to be thicker and
reinforced with chicken wire to prevent cracking as it will not be bonded to the slab beneath
(see Fig. 11.2). This will be considered in more detail in the chapter on Internal finishes.

Where the dpm is applied to the surface of the floor slab it should comprise three coats of a
cold applied bituminous solution that can be applied by brush, or two coats of hot applied
mastic asphalt as considered previously.

The concrete slab should be a minimum of 100 mm in thickness and the surface either
finished with a float or tamped to receive a screed for an applied finish. Tamping involves
bouncing a timber beam over the surface of the concrete slab. The beam is normally operated
by an operative at each end and it produces a ripple effect to the surface of the concrete slab.

Self Assessment Question 6

What disadvantage does the cold applied bituminous solution have compared with the
1200 gauge polyethylene sheet as a dpm?

Self Assessment Question 5

Why does the polyethylene sheet need to be lapped or sealed effectively at its edge joints?
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50 mm insulation

Damp proof membrane
150 mm concrete slab

Fabric mesh reinforcement
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Damp proof course
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11.2 Solid ground floor with dpm above the floor slab.



The slab may also contain a layer of fabric mesh reinforcement, which helps to provide some
structural strength to the slab over areas of potential weakness.

The Building Regulations Approved Document L stipulates that thermal insulation must be
incorporated into the ground floor construction to prevent loss of heat from the building to the
ground beneath. Table A9 of Approved Document L provides details of minimum thicknesses of
thermal insulation materials to comply with this regulation.

The insulation should be laid above the dpm and should also be placed at the side of the slab
where the slab abuts the walls, so that heat will not be lost from the building through this path.
The insulation will normally be a board material to prevent compression by the weight of the
floor slab or the occupants, furniture and equipment above.

Suspended floor construction

Suspended floors do not bear directly onto the ground but bear onto supports that will
themselves indirectly bear onto the ground. They are often utilised on sloping sites to reduce the
amount of fill materials. Fill will be required beneath the ground floor on sloping sites in order
to provide a level, horizontal surface on which to lay the floor. It will normally comprise hardcore
not greater than 600 mm in thickness.

Suspended floors may be constructed from timber or concrete.

Suspended timber ground floor

As timber is warmer to the touch than concrete, this floor may be considered to provide
increased thermal comfort to the user. The floor comprises small timber beams or joists which
span between points of support called dwarf walls and carry floor decking of timber boards or
chipboard or plywood sheets. The joists are sized according to the loads that are to be carried
and the distances that are to be spanned. Suitable sizes are given in the Building Regulations
Approved Document A. However, a rule of thumb method may be used:

Span in mm
Depth in mm � —————— � 50 mm
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Self Assessment Question 9

Why should the hardcore fill not be greater than 600 mm in thickness?

Self Assessment Question 8

Why is it important that the insulation is laid above the dpm?

Self Assessment Question 7

What benefits does tamping provide to the concrete slab?
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The floor is constructed on a 100 mm thick concrete oversite slab, laid on a minimum 100 mm
thick layer of compacted hardcore. The Building Regulations Approved Document C4 
stipulates that the top of the slab must not be below ground level. This is to prevent water
seeping from the surrounding ground and collecting on the top of the slab.The joists are supported
on half brick dwarf or sleeper walls, spaced at 1–2 m centres and topped by a 100 x 75 mm
wallplate, laid over a dpc.

The wall plate is used to provide a suitable fixing for the floor joists as it is difficult to fix the
joists directly to the sleeper walls. The wall plate itself is fixed to the sleeper walls by means of
galvanised steel straps (see Fig. 11.3).

Timber is susceptible to attack by dry rot fungus if its moisture content is allowed to increase
above 20 per cent of its dry weight (see the later chapter on Timber). The air in the void beneath
the timber members in the floor will have an artificially high moisture content, caused by the
rising dampness from the ground beneath.

A dpm is not recommended to be incorporated between the concrete oversite slab and the
hardcore because spills and leaks of water from the building above would remain undetected
on the top of the oversite concrete slab and would not have the opportunity to drain away.

Self Assessment Question 10

Using the rule of thumb method, what would be the depth of a joist spanning 2.00 m
between supports?
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20 mm floor boards

50 mm insulation supported
by 25 mm timber battens
100 × 38 mm timber joist
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11.3 Suspended timber ground floor.



The Building Regulations Approved Document C4 requires a minimum space to the underside
of the wall plate of 75 mm and a minimum space to the underside of the joists of 150 mm,
which must be kept free from debris.

Ventilation is provided by air bricks within the external walls, which must provide a minimum
opening of 1500 mm2 per metre run of wall. This ventilation helps to remove the damp air
beneath the floor construction and replace it with drier air from outside. Unfortunately this
replacement air is not only drier but also colder. In order to ensure that this air flow does not
detrimentally affect the thermal insulation value of the floor it is recommended that the amount
of openings in the external wall should be sufficient to encourage cross flow ventilation, but not
so much that the thermal insulation value of the floor will be detrimentally affected.

The cross flow of air within the void beneath the timber floor is maintained by building the
sleeper walls in a honeycomb bond, which consists of a stretcher bond with voids of half brick
width being left between the stretcher bricks (see Fig. 11.4).

Thermal insulation can be in the form of quilt draped over the top of the joists or a slab
spanning between the joists and supported by timber battens nailed to the side of the joists.

Suspended concrete ground floor

This form of construction overcomes three problems:

● dry rot in timber floors;
● excessive fill beneath floors of buildings situated on steeply sloping sites;
● variable loadbearing capacity soil beneath the floor.

Self Assessment Question 12

Why should the space to the underside of the joists be kept free from debris?

Self Assessment Question 11

Why should a dpc be laid beneath the wallplate?
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11.4 Honeycomb bonding to sleeper walls.



The floor may be constructed from in situ concrete, similar to a solid floor or from precast
concrete components.

Where the depth of fill will exceed 600 mm on steeply sloping sites or where the loadbearing
capacity or nature of the ground beneath the floor varies, a floor bearing directly onto the
ground may not be considered suitable. In such cases the floor will need to span between
loadbearing walls.

An in situ concrete suspended ground floor will incorporate sufficient steel reinforcement in
its lower section to enable it to effectively carry the loads bearing upon it between the
loadbearing wall supports.

As the floor is cast the concrete will require support until it has hardened sufficiently to carry
its own weight. It will therefore be necessary to place fill materials onto the ground to provide
a firm, dry, level horizontal surface onto which the slab may be cast. Although this fill will need
to be compacted initially to provide a firm surface for the slab, any subsequent settlement of
this fill will not adversely affect the floor above, since the slab will be supported by the
loadbearing walls.

The precast concrete suspended ground floor utilises precast concrete joists, infilled with
concrete blocks and topped with a screed. The joists and blocks are light enough to be lifted
and positioned by two men, thus eliminating the need for lifting plant.

The joists are generally an inverted T shape and are pre-stressed to reduce their size and
weight. They span between external walls and as the precast concrete components do not
require support during the construction of the floor, the need for fill beneath the floor is
eliminated. Thus all that will be required is for the topsoil to be removed from the ground

Self Assessment Question 13

Where should the dpm be placed in an in situ concrete suspended ground floor?
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50 mm reinforced cement sand screed
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Damp proof membrane
Precast concrete tee beam

100 mm lightweight concrete blocks

Sloping ground surface
Damp proof course

Air brick
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11.5 Precast concrete suspended floor.



beneath the floor and for the subsoil to be treated with a weed killer prior to the installation of
the floor components.

Thermal insulation is generally placed above the precast concrete beam and block
components and beneath the screed (see Fig. 11.5).

A minimum void of 75 mm should be provided between the soil beneath and the underside
of the floor slab in an in situ concrete suspended floor or the underside of the precast concrete rib
beams in a precast concrete suspended floor. This space may need to be increased up to 150 mm
to account for any possible heave where the soil beneath is shrinkable clay. The underfloor void
created should be ventilated by airbricks positioned in the external walls to create 600 mm2

of ventilation per metre run of wall.
This ventilation is also beneficial where gas is supplied to the property, since any potential gas

leaks could collect in the void beneath an unventilated suspended floor and build up to form an
explosive mixture with the air.
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12 Upper floors

Introduction

Upper floor construction in houses is based on similar principles to that of suspended timber
ground floor construction, the difference being that the spans between loadbearing supports are
generally greater with upper floor construction, so the joists need to be larger in size. Although in
situ concrete floors and precast beam and block floors could be used for upper floor construction
they are not popular and suspended timber construction is still the most widely used method.

This chapter will consider the construction of upper floors including the methods of support,
the use and construction of double floors, framing of upper floors around openings, joints used
in upper floor construction, silent floor construction, floor decking and strutting to joists.

Sizing of joists

The sizes of joists in upper floor construction are determined by the load being carried, the span
of the joist and the spacing of the joist. The Building Regulations Approved Document A, tables
A1 and A2 provide maximum clear spans of joists using timber of strength class SC3 or SC4 and
provide guidance on sizes of floor joists for various spans, loadings and spacings.

Joists to upper floors are normally spaced at 400, 450 or 600 mm centres. This is because the
plasterboard sheets that are mainly used for the ceiling finish come in modular sizes (normally
1220 mm long x 900 mm wide) and to enable satisfactory fixing of the plasterboard, the edge
of the sheet should coincide with a joist.

Self Assessment Question 2

Why should the spacing of the joists have an effect on their size?

Self Assessment Question 1

Why will the spans between loadbearing supports be greater in upper floor construction
than they are in ground floor construction?
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Support

The ends of the joist will need to be supported by loadbearing walls. Where the support is
provided by the external cavity walls the end of the joist will bear onto the internal leaf. Because
the span from one external wall to the other may be too excessive it is normal practice to utilise
loadbearing internal walls to also support the upper floor joists. Joists may either bear directly
onto the wall, in which case they will be built in to the external wall (see Fig. 12.1) and rest on
top of the ground to first floor internal wall (see Fig. 12.2), or they may be supported on joist
hangers (see Fig. 12.3).

Where the joist bears onto the wall, it may be necessary to provide packing to the underside
of the joist so that the top surfaces of the joists are level. This may be required because the sizes
of un-planed timbers may differ slightly. Pieces of slate have traditionally been used for this
packing.

Where the joists are to be built in to the supporting wall, their ends need to be treated with
preservative. It is also a good idea, where the end of the joist is facing the cavity in an external
wall, to chamfer the end so that any water that may drip onto the end of the joist from the wall
ties above can be drained off quickly.

Where the joists are built in to internal loadbearing walls their ends should overlap by not
more than 100 mm each side of the wall and the ends of the joists should be nailed together.

Self Assessment Question 4

Why should the tops of the joists need to be level?

Self Assessment Question 3

What are the advantages and disadvantages of using joist hangers to support the upper
floor joists?

End of the joist treated
with preservative

50 × 175 mm timber joist
at 450 mm centres

Slate packing where required

Chamfered end of joist

12.1 Support to the joists at an external wall.
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Alternatively, where the joists are not built in to the internal wall they should be supported on
restraint type joist hangers or 30 x 5 mm galvanised steel restraint straps should be built in to
the wall and fixed to the joists a minimum of 300 mm each side.

Where joist hangers are used, galvanised steel restraint straps can be fixed to the sides of the
joists and built in to the internal leaf of the cavity wall. This will provide stiffening to the external
walls. Where the joists run parallel to an external wall the restraint straps should be placed at a
maximum spacing of 2 m and fixed over three adjoining joists, supported by noggings (see
Fig. 12.4) to reduce the effective height of the wall for the calculation of the slenderness ratio
purposes.

Self Assessment Question 5

Why should the external walls need to be stiffened at upper floor level?

Joists nailed together at overlap

Slate packing where necessary

100 mm internal loadbearing wall

Maximum 100 mm
overlap of joists

12.2 Support to the joists at an internal wall.

Galvanised mild steel restraint strap
built ino the wall and fixed to the joist

50 × 175 mm timber joist
at 450 mm centres

Galvanised mild steel joist hanger
built into the wall

12.3 Support to the joists by the use of a joist hanger.
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Double floors

Occasionally the span of the floor between wall supports is too great and an intermediate
support is required that will not interfere with the use of the room beneath the upper floor. This
intermediate support could be a timber beam that the ends of the joists could bear on or, more
commonly, a rolled steel joist (RSJ). The RSJ spans between two loadbearing walls and the ends
of the joists are notched in to the RSJ, allowing room for the decking to be fixed to the upper
surface of the joists, the ceiling finish to be fixed to the lower surface of the joists and a space
allowed for timber shrinkage. This form of floor is called a double floor (see Fig. 12.5).

Framing around openings

Openings must be provided in upper floors to allow for stair access and the passage of chimney
flues. These openings need to be formed by framing the upper floor joists around the opening.

There are four types of joist used for this framing (see Fig. 12.6):

● The common joist – This is a full length joist spanning between wall or RSJ supports without
interruption.

● The trimmed joist – This is similar to the common joist but has been cut short to form the
opening. It spans in the same direction as the common joist and one end is supported by a
wall or RSJ and the other end is supported by the trimmer joist.

50 × 100 mm timber noggings
fixed between joists

50 × 175 mm timber joists
at 450 mm centres

Galvanised mild steel restraint strap
fixed to the tops of 3 joists at 2 m centres

12.4 Restraint straps to joists running parallel to an external wall.

50 × 175 mm timber joists cut to
the profile of the RSJ and bearing
onto each side of the RSJ

175 × 102 mm rolled steel joist
bearing on loadbearing walls

Floor finish

Ceiling finish

12.5 Double floor construction.
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● The trimmer joist – This joist forms the side edge of the opening and supports the cut ends
of the trimmed joists. It spans at right angles to the common and trimmed joists.

● The trimming joist – This forms the front and rear edges of the opening and supports the
ends of the trimmer joist. It spans in the same direction as the common and trimmed joists
and, similar to the common joist, it spans between wall or RSJ supports without interruption.

Because the trimmer and trimming joists are required to carry a greater load than the common
and trimmed joists, they are generally 25 mm thicker. However, it is not uncommon to see two
common joists nailed together to form trimmer or trimming joists.

Joints

In forming this framing to openings, various joints are used between the joists:

● The housed joint – A housing corresponding to half the joist depth and a quarter of the joist
thickness is cut into the two joists to be fixed. This joint was traditionally used to join the ends
of the trimmed joists to the trimmer joist (see Fig. 12.7).

● The bevelled housed joint – The housed joint needs a large amount of structural timber
removed; this makes the supporting joist weaker at the joint. The bevelled housed joint has
the amount of timber removed from the joists being joined reduced by bevelling the housing
towards the upper edge of the joint. This has less of a detrimental effect on the strength of
the joint (see Fig. 12.8).

Self Assessment Question 6

Why are trimmer and trimming joists made wider rather than deeper than common or
trimmed joists to increase their strength?

External loadbearing wall

75 × 175 mm trimming joists

75 × 175 mm trimmer joist

50 × 175 mm trimmed joists

50 × 175 mm trimmed joists

12.6 Framing around openings in upper floors.
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● The tusked tenon joint – This joint is mainly used to join the ends of the trimmer joist to the
trimming joists. The end of the trimmer joist is tenoned and housed into the trimming joist
and the protruding ‘tusk’ of the tenon is secured by a wedge so that the joists will not pull
apart when they are subjected to an applied load (see Fig. 12.9).

Although these joints may still be used for joists framing openings, it is now fairly common
practice to see adapted joist hangers being used for this purpose. The joist hanger may be
strapped to the supporting joist and used to support the cut end of the supported joist (see
Fig. 12.10).

Silent floors

The biggest problem with using solid timber for upper floor joists is that it can suffer from
moisture movement that can lead to distortion of the floor or, more commonly, squeaking of
the floor boards or decking material when a load is applied to the floor, caused by some of the
supporting joists having shrunk away from the floor boards or decking above.

This problem can be overcome by using prefabricated timber ‘I’ section joists, manufactured
from laminated timber flanges with a plywood web in place of the solid timber joists (see
Fig. 12.11). Laminated timber is a method of being able to build up timber sections by gluing
together thin strips of timber or laminas to produce a compound section that will have similar
structural properties to a solid timber section of the same size. The advantage of using laminated
timber is that large section timber members can be made at a fraction of the cost of the
equivalent solid timber section, the timber used for the laminas is carefully selected and is defect
free and the section produced suffers less moisture movement because it is prefabricated.

75 × 175 mm trimmer joist 50 × 175 mm trimmed joist

Bevelled housed joint. Half joist depth
and one-quarter joist thickness.
Bevelled to full joist thickness at the top

12.8 A bevelled housed joint.

House joint. Half joist depth and
quarter of joist thickness

50 × 175 mm trimmed joist75 × 175 mm trimmer joist

12.7 A housed joint.



Laminated timber flangesPlywood web

12.11 A ‘silent’ joist.
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The ‘silent’ joists produced by this technique are of a similar section size and strength to solid
timber joists, but weigh considerably less and suffer less drying shrinkage, thus virtually eliminating
the squeak of floor boards and decking. They are however more expensive than solid joists.

Floor decking

Decking is fixed to the upper surface of the floor joists to provide a suitable surface to receive
applied floor finishes. It may comprise the following:

● Softwood timber boards – 125 mm wide x 16 mm thick (for 400–450mm joist spacing) or
19 mm thick (for 600 mm joist spacing) with tongued and grooved joints.

75 × 175 mm trimming joist

Tusked tenon

Wedge driven into hole
cut into the tusked tenon

75 × 175 mm trimmer joist

Bearing one-quarter of joist thickness

12.9 A tusked tenon joint.

Trimmer or trimming joist

Adapted joist hanger

Trimmed or trimmer joist

12.10 An adapted joist hanger supporting joists around the formation of an opening.
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● Plywood sheets – 2.4 x 1.2 m sheets, 12 mm thick (for 400–450 mm joist spacing) or 16 mm
thick (for 600 mm joist spacing) with tongued and grooved joints.

● Chipboard sheets – 2.4 x 1.2 m sheets, 18 mm thick (for 400–450 mm joist spacing) or
22 mm thick (for 600 mm joist spacing) with tongued and grooved joints.

Tongued and grooved joints are used in floor decking for the following reasons:

● They help to spread the load on the decking. Without side joints between the decking
materials any applied load would need to be carried by the board or section of decking that
it was bearing on. Part of this load could not be transferred to adjacent boards.

● They improve thermal insulation by reducing air infiltration or draughts through the gaps
between adjacent boards. This is more important in ground floor construction than it is in
upper floor construction.

● They improve the fire resistance of the decking by reducing the infiltration of smoke and
flames through the gaps between adjacent boards.

Chipboard and plywood sheets have become more popular than softwood boards as floor
decking materials, since they can be laid much more quickly. However, because the void
between the floor decking and the ceiling finish, which is created by the depth of the floor joists,
is so useful for the running of electrical cables and plumbing pipes throughout the house it may
be necessary, occasionally, to gain access to this void for maintenance purposes. It is far easier
to take up a 125 mm softwood floor board to gain access to this underfloor space than it is a
2.4 x 1.2 m sheet of plywood or chipboard. Where these materials are to be used for the floor
decking, installers should provide suitable access panels that can easily be removed and
replaced.

Where pipework and cables are installed in the underfloor space they should run through
holes cut in the middle of the joists, around the neutral axis, where the timber removed will have
the least effect on the structural strength of the joist.

Strutting to joists

As previously discussed, solid timber joists may swell or shrink with changes in their moisture
content. If joists are restrained from longitudinal movement at fixings then any shrinkage or
swelling will cause twisting to occur within the joist member. This will cause cracking in the floor
decking above and/or the ceiling finish below. Restraints in the form of strutting should be
provided between joists to prevent twisting occurring. The strutting is not necessary where the

Ceiling finish
40 × 40 mm herringbone strutting
at mid-span

50 × 175 mm timber joist

Floor finish

12.12 Herringbone strutting.



floor is of short span (less than 2.5 m) but should be provided at mid-span in floors spanning
between 2.5 and 4.5 m and at one-third span in floors spanning over 4.5 m.

The strutting may be pieces of solid timber of similar size to the joists or can be 40 x 40 mm
diagonal braces called herringbone strutting (see Fig. 12.12). A version of this herringbone
strutting can also be created with the use of pressed steel diagonal braces.

138 Upper floors



13 Flat roof construction

Introduction

Flat roofs are the simplest form of roof construction and the least expensive to construct.
However they are also the most troublesome, since they have a tendency to leak and need much
more regular maintenance than pitched roofs. There are a number of reasons for this and these
will be considered in this chapter and the accompanying chapter on Flat roof coverings. Because
of the problems associated with flat roof construction it is recommended that this form of
construction be avoided where possible. However, there are situations where a flat roof may be
considered to be a more acceptable option than a pitched roof, for instance on an extension
where there is not the room to accommodate the height of a pitched roof or where a pitched
roof may look out of keeping with either the building or its surroundings.

In this chapter the functional requirements of roofs, both pitched and flat, are considered. The
two main forms of flat roof construction, hollow suspended timber construction and solid
suspended concrete slab construction are then discussed and compared. One particular problem
with roofs is that of interstitial condensation. The causes of this are discussed and suitable
remedies are considered.

The functional requirements of a roof

The primary function of a roof is to enclose space and protect it from the elements. This is similar
to the primary function of an external wall. In fact roofs are sometimes referred to as ‘the fifth
wall’ because they have similar functional requirements. The main functional requirements of a
roof are as follows:

● Strength and stability
● Weather resistance
● Thermal insulation
● Sound insulation
● Fire resistance
● Durability
● Appearance

The dissimilarity between roofs and walls with regard to the functional requirements of these
elements is that whereas walls perform all functions with one structure, roofs can be separated



into two distinct sub-elements, that of the structure and the finish. The structure performs
the functional requirements of strength and stability, fire resistance and, to a certain degree,
appearance whilst the covering performs the functional requirements of weather resistance,
durability and also contributes to the appearance. Thermal insulation and sound insulation have to
be provided by other materials that are included into the construction of the roof.

In order to overcome a certain amount of repetition in this chapter and the succeeding three
chapters, which all deal with roof construction and coverings, the functional requirements of
roofs, both flat and pitched and their associated coverings will be considered here.

Strength and stability

The span of the roof has a major influence on its design. The materials used in roof construction
need to have a high strength : weight ratio. Roofs used in domestic construction use members
that span fairly small distances and which are located at relatively close centres. Timber is used
to good effect for the structural framework but concrete can also be used in flat roof
construction. The loads carried by roofs are mostly dead loads but superimposed loads such as
wind loading and snow loading need also to be considered. Occasionally flat roofs may have
foot traffic for maintenance or the flat roof of a projecting ground storey room or extension
could be used as a balcony to a room on the first storey.

The effect of wind pressure is a major consideration in roof design. The wind blowing onto a
building will create positive and negative pressures at certain points and will also create eddies as
the wind is deflected by the shape of the building (see Figs 13.1 and 13.2). Roofs of low pitch
are subjected to high suction forces, particularly around verges, eaves, the ridge and chimneys
(see Fig. 13.3). It is therefore important to anchor the roof structure to the supporting walls and
also to secure the coverings to the roof structure and protect them against the action of the wind.

Weather resistance

The covering and the provision of a suitable slope for the run off of rainwater provide the
majority of weather resistance for roofs. Water penetration through the covering is prevented
either by the use of impermeable coverings on flat roofs or the use of overlaps between tiling
units on pitched roofs.
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Suction forces on the leeward side of the roof

Eddies

13.1 Wind paths around a structure.



Thermal insulation

The roof area constitutes a large part of the exposed surface area of a building, particularly if it is
a hipped roof on a bungalow. Warm air rises, and therefore heat losses through the roof are quite
significant. Although most roofs on domestic buildings are constructed from timber, the amount
of timber contained within the roof construction is relatively small and therefore the materials used
in the roof construction contribute little to the thermal insulation value of the roof. Thus it is
necessary to add other materials into the roof construction in order to provide adequate thermal
insulation to the roof.

A particular concern in roof construction is the problem of interstitial condensation.
Techniques to combat this and provide an effective level of thermal insulation have led to the
development of three main forms of design in flat roofs. These will be considered in more detail
in the next chapter on Flat roof coverings.

Sound insulation

Sound insulation is not as great a problem in roof construction as it is in wall construction. This
is because the greatest source of external noise in houses is that emanating from traffic at
ground level. The intensity of sound decreases considerably with the distance covered, so
although the roof is of relatively lightweight construction compared with the walls, there is very
little noise from traffic entering the house through this route. However, if overhead noise,
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13.3 Areas on a roof affected by high suction forces from the wind.



particularly from aircraft, is a problem then sound insulation materials will need to be added to
the roof construction.

Fire resistance

The main consideration here is to protect the building from the spread of fire from adjacent
buildings. Some materials, particularly on flat roofs, are flammable and may support the surface
spread of flame. They must therefore be covered with a non-inflammable material to provide
adequate fire resistance to the roof.

The roof structure must also prevent the early collapse of the roof in a fire, as this would
enable more oxygen to be available to the fire causing it to blaze more fiercely. It would also
inhibit evacuation from the building during a fire and make the task of the fire fighting services
in extinguishing the fire more difficult.

Durability

The durability of the roof is influenced to a great extent by the performance of the roof covering.
Different materials can be used for roof coverings and each material has its own response to
frost attack, chemical attack and solar radiation. These features will be considered in more detail
in the separate chapters on Flat roof coverings and Pitched roof coverings.

The durability of the structure of the roof is mostly affected by the durability of the timber
used in the roof construction. This aspect was considered in detail in the chapter on Timber.

Appearance

This is influenced by the type of roof, whether it is flat or pitched, the style of the roof, whether
it is mono pitch, dual pitch or mansard, and the materials used for the covering, whether they
are sheet or tiles and if tiles, what shape, colour and texture.

Hollow suspended timber construction

This roof comprises timber joists spanning between supporting walls and carrying a deck onto
which is laid the covering. This form of construction is very similar to that used for timber
suspended upper floor construction considered in the previous chapter. Joist sizes are considered
in the Building Regulations Approved Document A, tables A17 and A18 for timber of strength
classes SC3 and SC4 and having a superimposed loading of 0.75 kN/m2, tables A19 and A20
for timber of strength classes SC3 and SC4 and having a superimposed loading of 1.0 kN/m2

and tables A21 and A22 for timber of strength classes SC3 and SC4 and having a superimposed
loading of 1.50 kN/m2. The joists are laid over the external supporting walls and secured to the
inner face of the wall by a galvanised mild steel strap a minimum of 1m in length.

The joist ends may finish flush with the external face of the wall and are covered with a fascia
board (see Fig. 13.4).

Self Assessment Question 1

Why do the joists need to be secured to the supporting walls by a galvanised mild steel
strap?
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Alternatively, joists may overlap the external face of the wall by a distance of 150–300 mm to
provide a soffit beneath, which is covered by a soffit board (see Fig. 13.5).

The roof is not completely flat, but incorporates a slight gradient for the run off of rainwater.
The Building Research Establishment initially recommended that this gradient should be a
minimum of 1 in 80, but this has subsequently been found to be too low. It is now recommended

Self Assessment Question 3

Why might the joists be designed to overlap the external wall by a distance of
150–300 mm?

Self Assessment Question 2

Why do the ends of the joists need to be covered with a fascia board?
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that the gradient should be a minimum of 1 in 40. Falls may be achieved by laying joists to the
required slope, but this gives a sloping ceiling, which is considered to be unacceptable. More gen-
erally, falls are achieved by fixing tapered strips of timber, called firrings, to the tops of the joists
(see Fig. 13.4). These firrings are normally a minimum of 38 mm thick for joists spaced at 400 or
450 mm centres and 50 mm thick for joists spaced at 600 mm centres.

The rainwater is generally drained to the edge of the roof, called the eaves, and collected by
a gutter, which is fixed to the fascia board (see Fig. 13.5). Alternatively, on longer span roofs,
the rainwater may be drained to various collection points on the roof and collected within a
hopper connected to a rainwater pipe running inside the building. It is very rare for flat roofs
used in domestic construction to be large enough to require this latter facility. At the edges of
the roof where the rainwater is not collected (the verges), a kerb is constructed to prevent the
rainwater pouring over the edge of the roof at these points (see Fig. 13.6). Where the roof
adjoins an external wall to another building, such as where the roof is to an extension, an
abutment is formed (see Fig. 13.7).

The roof decking is fixed to the top of the joists and firrings. Suitable decking materials are
similar to those for upper floors. If softwood timber boards are used it is advisable that the boards
are a maximum of 100 mm in width. If chipboard sheets are to be used they should be the -
moisture-resistant category. Strutting should be applied between joists where spans exceed 2.5 m.

Thermal insulation may be provided by means of glass fibre quilt draped over the joists and
firrings, below the decking, or expanded polystyrene, cork or low-density fibreboard insulation
board fixed over the decking. In some instances waterproof insulation materials may be fixed
over the covering and weighted down to avoid being blown off the roof.

Solid suspended concrete slab construction

A flat suspended concrete slab, spanning between supporting walls at roof level, may be cast as
a flat roof structure. The slab comprises structurally designed mix concrete, incorporating
reinforcement to prevent cracking in the lower tensile section, due to excessive deflection under
load. The thickness of the slab will be designed according to the loads imposed and the span
required; however a rule of thumb guide would be that the thickness should be a minimum of
1/30th of the span. The reinforcement may consist of a variety of rods or, alternatively, a mat of
fabric mesh containing small diameter rods spot welded together in a square or rectangular matrix.
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When the concrete is first placed it is wet and has no inherent strength to support itself. It is
therefore necessary to erect a temporary support framework, called formwork or shuttering to
provide the necessary support to the concrete whilst it is setting and achieving sufficient
inherent strength to support itself between the supporting walls. The formwork generally
consists of sheets of plywood to provide a deck onto which the concrete can be placed,
supported by timber bearers, which in turn are supported by adjustable props (see Fig. 13.8).

The formwork decking is levelled to coincide with the top edge of the supporting walls and
formwork is also placed around the edges of the proposed slab. If cavity walls are to be used for
the supporting walls, the cavity will need to be closed at the top of the walls to prevent wet
concrete from being poured down the cavity.

The reinforcement is laid on small concrete or plastic spacers to provide a 25 mm gap between
the formwork and the reinforcement so that the wet concrete can be placed underneath the
reinforcement.

Self Assessment Question 5

Why should it be necessary to raise the reinforcement from the formwork decking to
enable the wet concrete to be placed beneath it?

Self Assessment Question 4

A concrete flat roof spans a distance of 4500 m. Using the rule of thumb method, what
would be the minimum thickness of the roof slab?
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The surface of the finished concrete roof slab is flat. The required falls are provided by adding
a finishing screed of a minimum thickness of 40 mm and laid to the required gradient. The
screed may incorporate lightweight aggregates in order to enhance the thermal insulation
capabilities of the roof.

Combating interstitial condensation

Moisture is created by a number of activities taking place within a house. Cooking, washing clothes,
bathing, heating, even breathing creates water vapour, which can be held in suspension in the air.
BS 5250 Code of practice for control of condensation in buildings estimates that for a house with
five occupants, 7–14 litres of water vapour is produced each day.

On top of this, new houses will have up to 4000 litres of water incorporated into their
construction, primarily as mixing water for concrete, mortar or plaster; in addition there will be
moisture contained within the new timber, or rainwater may be absorbed by the materials
within the fabric of the building due to exposure to the weather before the house became
watertight. This water will evaporate into the atmosphere, as water vapour, over a period of up
to a year following occupation of the house.

All air contains a certain amount of moisture, called humidity. The amount of moisture that
air can sustain before it becomes saturated is related to its temperature. Generally the higher
the temperature of the air the more moisture can be held in suspension. Conversely, the lower the
temperature of the air the less moisture can be held in suspension and any excess must be
precipitated out as condensation. The temperature at which the air becomes saturated with a
quantity of water vapour is termed the dew point temperature.

A temperature gradient exists between the rooms of the house below the roof and the external
environment above the roof. The materials of construction within the roof will affect the shape
of this temperature gradient (see Fig. 13.9). As air percolates through the roof construction it will

Self Assessment Question 6

What process turns water into water vapour that can be held in suspension within the air?
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13.8 Formwork support to a concrete roof slab.



cool and eventually reach its dew point temperature for the quantity of water vapour it is
carrying. Any further drop in temperature below the dew point temperature will cause some of
the water vapour to be precipitated out and condense into water droplets on cold surfaces.

Condensation may be of two types. The precipitated water vapour may condense on cold,
non-absorbent surfaces such as ceramic tiles or window glazing. This is known as surface
condensation. Alternatively the water vapour may condense as water droplets onto the materials
of the structure of the building. This is known as interstitial condensation. Surface condensation
is a nuisance and can cause mould growth on walls and ceilings if not treated, but it can be easily
detected and remedied, generally by providing extra ventilation so that the heavily moisture-laden
air can be replaced with drier air to reduce its relative humidity. Interstitial condensation is more of
a problem because it occurs within the structure where it cannot be readily seen. The water
droplets can be absorbed by the insulation materials, which will lower their thermal resistance
values and make them poorer insulators or the water droplets may be absorbed by timber
members in the roof construction making them more susceptible to fungal decay.

There is therefore a need to prevent high moisture levels within the air from reaching a
position within the roof construction where the dew point temperature may exist and interstitial
condensation may occur. There are three forms of flat roof construction that may be used to
combat interstitial condensation:

● Cold deck design
● Warm deck design
● Inverted roof design

Cold deck design

A space of at least 50 mm is left between the cold side of the thermal insulation layer and the
structural deck, hence the name, ‘cold deck’. Air is allowed to pass through this space between
the joists by providing a 25 mm gap for ventilation at the roof edges (see Fig. 13.10). Thus the
air with a high water vapour content that is percolating through the roof space is replaced by
drier air from outside.

Self Assessment Question 7

Why is the air gap above the thermal insulation layer and not below it?
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13.9 Typical temperature gradient through a flat roof.



A vapour check of polythene or aluminium foil at ceiling level helps to reduce the amount of
water vapour contained within the air from entering the roof space. The materials used for
vapour checks are impermeable to the passage of moisture vapour, but allow air to percolate
through them. Although this system is quite advantageous it cannot be considered to be
100 per cent effective as it cannot be continuous across the roof.

The advantages of cold deck design are that the waterproof covering can be laid directly on
top of the deck and is accessible for maintenance, repair and replacement when necessary. A
non-rigid insulation material can be used and the ventilation will help to remove any water
vapour that may have passed through the vapour check at ceiling level.

The disadvantages of cold deck design are that it relies on natural ventilation to remove any water
vapour that may have passed through the vapour check. Sometimes the weather conditions pre-
vent natural ventilation from being able to ventilate the roof void adequately. Moreover, if the ven-
tilation spaces are increased to improve ventilation efficiency, there is a likelihood that birds, insects
or vermin could enter the roof space. In addition, if a large amount of insulation is required in the
roof, the size of the joists will need to be increased to accommodate the extra depth of insulation
and to still maintain an air void between the top of the insulation layer and the underside of the
structural deck. This form of design can only be used with hollow suspended timber construction.

Warm deck design

The thermal insulation layer is placed on top of the structural deck. The deck is therefore on the
warm side of the insulation, hence the name, ‘warm deck’. To prevent water vapour from
passing through the thermal insulation layer, a vapour barrier is placed over the deck
immediately beneath the insulation. The materials used for the vapour barrier can be the same
as those used for the vapour check in cold deck design. The difference between the vapour

Self Assessment Question 9

Why can this form of design only be used with hollow suspended timber construction?

Self Assessment Question 8

Why cannot the vapour check be considered to be continuous across the roof?
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barrier and the vapour check is that the former must be 100 per cent intact and sealed at all
joints. Therefore it cannot be fixed mechanically to the deck, but will either be loosely laid on
the deck or fixed by means of an adhesive. The waterproof covering is then laid on top of the
thermal insulation layer (see Fig. 13.11).

The advantages of warm deck design are that a void is not required in the roof construction,
unless one is to be used for the passage of services. This form of design can therefore be used
with either solid concrete slab or hollow suspended timber construction. Furthermore,
ventilation is not required within the roof construction and the structural deck is kept warm by
the insulation so that the materials used in its construction do not suffer from large fluctuations
in temperature. The vapour barrier is able to be 100 per cent effective in preventing water
vapour from entering the thermal insulation.

The disadvantages of warm deck design are that the thermal insulation layer must be strong
enough to support foot traffic for maintenance purposes. If the roof covering needs to be
repaired or replaced the thermal insulation layer beneath may become damaged and also need
to be replaced. In addition any failures in the waterproof covering may be difficult to detect.

Inverted roof design

Because the roof covering is impermeable it can also act as a vapour barrier. As the vapour
barrier must be placed on the cold side of the thermal insulation, the insulation layer must be
placed on top of the roof covering material. To prevent the lightweight insulation material from
being blown off the roof, it is weighted down with ballast or paving materials (see Fig. 13.12).

The advantages of inverted roof design are that there is no need for a separate vapour barrier.
The waterproof covering fulfils the dual function of covering and vapour barrier. The thermal
insulation layer also protects the covering from the vagaries of temperature variations and the
possibility of being damaged by foot traffic.

The disadvantages of inverted roof design are that the thermal insulation layer is exposed to
the external environment. It must be waterproof, as any absorption of water will affect its

Self Assessment Question 10

Why does the vapour barrier need to be placed beneath the thermal insulation layer
and not above it?
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thermal performance. It must be frost resistant and resistant to degradation by ultraviolet light
from the sun. It must also be weighted down to prevent it from being blown away by the wind.
This increases the dead load on the roof and may require a stronger roof to be designed to
accommodate this extra loading. The insulation layer must also be strong enough to withstand
foot traffic on the roof. The roof design will need to allow rainwater to drain through gaps in
the insulation layer so that it can be drained form the roof adequately. These gaps will need to
be maintained regularly to ensure that they have not become blocked with debris that may
prevent adequate drainage from the roof. The gaps will allow some heat to escape from the
roof. The thermal insulation layer may therefore need to be thicker to allow for this heat loss.
The insulation layer may mask the waterproof covering beneath so that it becomes difficult to
determine if deterioration of the covering has taken place. Any repair or replacement to the
covering will require the thermal insulation layer to be removed first.

Although the inverted roof design can be used with both timber and concrete roof
construction, it is more likely to be used on solid concrete slab construction due to the extra
dead loading entailed.

Where concrete screeds are used and they are not given sufficient time to dry out before the
impermeable covering is applied, moisture may become entrapped within the screed. This may
be alleviated by the provision of vents embedded in the screed and protruding through the
covering.
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14 Flat roof coverings

Introduction

Suitable coverings for flat roofs may be mastic asphalt, bituminous felt sheeting or sheet metal
coverings. The coverings must provide the weatherproofing requirements for the roof and must
be impervious, with sealed joints. The coverings will also need to be durable as regular replace-
ment is difficult.

The most popular flat roof covering for domestic construction is undoubtedly bituminous felt
sheeting, mainly due to its relatively low cost in comparison to the other types of covering, but
also because of its ease of application. However the other two types of covering are considered
here as they are occasionally used for domestic construction.

This chapter will consider the properties and performance of each type of covering and
detail their fixings at the eaves, the verges and the abutment. It will also consider the prob-
lem of solar radiation and its effects on flat roof coverings and how this problem may be
alleviated.

Mastic asphalt

Mastic asphalt has been considered before as a waterproofing material for tanking basements.
It is a jointless, weatherproof and impermeable material. It is pliable and never completely rigid.
It consists of a mixture of asphaltic cement, bitumen and inert mineral aggregates. It is heated
on site in boilers to a temperature of 200�C to become fluid; it is then hoisted to the roof and
laid by wood float to cool and set in position.

It is laid in two coats to a minimum thickness 20 mm horizontally and three coats to a
minimum thickness of 20 mm vertically. At the eaves it is dressed over the fascia board into an
aluminium edge trim above the gutter (see Figs 13.4 and 13.5 in the previous chapter on Flat
roof construction). At the verges it is dressed over a triangular timber kerb and terminated in
an aluminium edge trim (see Fig. 13.6 in the previous chapter). Where a timber kerb is used,
expanded metal lathing is attached to the kerb to act as a key to the asphalt. On concrete roofs
the verge may consist of an upstand kerb. To prevent the mastic asphalt cracking at the base
of the upstand kerb an angle fillet is formed. At vertical abutments the asphalt is formed into
an angle fillet and carried up the wall a minimum height of 150 mm and dressed into a hori-
zontal brickwork joint. A metal cover flashing is used to protect the covering (see Fig. 13.7 in
the previous chapter).



Although mastic asphalt is considered to be a jointless material it does have to be laid in bays;
otherwise it will become too cold to be able to level effectively. The edges of each bay must
therefore be warmed with the asphalt on the adjoining bay as it is laid to ensure that no joint
between bays occurs in the finished work. It is good practice to ensure that bay joints do not
coincide in subsequent coats.

Horizontal asphalt is laid on an isolating membrane of impregnated flax felt to separate the
asphalt covering from the roof structure. This prevents differential cracking from occurring since
the asphalt and the materials of the roof decking may well have different coefficients of mois-
ture and thermal movement.

Mastic asphalt is more durable as a roof covering than bituminous felts, provided that it has
been laid correctly. The laying of mastic asphalt is a specialist technique. Care has to be taken
to ensure the asphalt is separated from the structural deck and that right-angled corners are
avoided at verge and abutment details.

Bituminous felt

This is a mat of glass fibres or synthetic polyester fibres rendered impervious to water by impreg-
nation with bitumen. BS 747 Reinforced bitumen sheets for roofing specifies glass fibre felts as
Type 3 and polyester fibre felts as Type 5. The covering is generally laid in two to three layers of
felt, bonded together with hot bitumen compound.

The first layer is laid at right angles to the direction of the fall and is partially bonded to
the roof deck to allow for differential movement between the deck and the covering.
Traditionally this was achieved by nailing the felt to the deck at specific locations. This
method has now been generally superseded by the provision of a grid of holes 10 mm in
diameter being cut in the sheet at the time of manufacture. When the hot bitumen-sealing
compound is poured and mopped over the sheet some of the bitumen compound will seep
beneath the holes and bond to the deck beneath, whilst the rest of the base sheet remains
detached from the deck. This overcomes the problem of having to nail the first layer of felt
to the deck.

Subsequent layers of felt are bonded to the first layer with hot bitumen-sealing compound
poured and mopped over the surface of the lower layer of felt. Laps between adjacent sheets
of felt should be a minimum of 50 mm in width. Polyester-based felts are generally stronger and
more flexible than glass fibre-based felts and will therefore tend to be more durable and require
less frequent replacement. They are however more expensive.

At the eaves the felt is dressed over the fascia board into an aluminium edge trim above the
gutter (see Figs 13.4 and 13.5 in the previous chapter). At the verges the felt is dressed over a
triangular fillet and terminated in an aluminium edge trim above the kerb (see Fig. 13.6 in the
previous chapter). Where the felt abuts vertical walls it is dressed over an angle fillet and carried
up the wall a minimum of 150 mm and turned into a horizontal brickwork joint. It is protected
by a cover flashing (see Fig. 13.7 in the previous chapter).
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Self Assessment Question 1

Why is it better to attach the first layer of felt by allowing hot bitumen-sealing compound
to seep beneath the holes in the felt rather than nail the felt to the deck?



Sheet metal coverings

These are produced from malleable metals in sheet form. The metals must be malleable (i.e. easily
bent to shape without cracking) because the sheets will be required to adapt to various profiles
when fitted on the roof. They have high durability and impermeability, better even than mastic
asphalt. The materials are however expensive and they require plumbers to fit them. Typical
metals used are lead, copper, aluminium and zinc. By far the most popular of these are lead and
copper.

The metal sheets are laid over an isolating membrane of impregnated flax felt, similar to that
used for mastic asphalt coverings, to overcome the problem of differential movement between
the covering and the structural deck beneath. Sheet metals will have greater thermal movement
than other flat roof coverings and so the joints between sheets need to be able to accommo-
date this movement.

Lead sheets for roofs come in 2.4 m wide rolls of various lengths. Lead sheet is available in
various thicknesses as shown in Table 14.1.

Lead sheet for flat roof coverings is normally of code Nos 5, 6, 7 and 8. Joints running paral-
lel to the slope of the roof are formed by rolls and joints running at right angles to the slope are
formed by drips (see Figs 14.1 and 14.2).

At the eaves the lead sheet is taken over the fascia board into the gutter. At the verges the
lead sheet is dressed over an angle fillet and fixed to the top of the kerb. At abutments to
vertical walls the lead sheet is dressed up the wall to a height of 150 mm and turned into a
horizontal brickwork joint and protected by a cover flashing.
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Table 14.1 Range of lead sheet thicknesses.

British Standard code No. Thickness range (mm)

3 1.25–1.50
4 1.75–2.00
5 2.00–2.50
6 2.50–3.50
7 3.00–3.50
8 3.50–6.00

Source: Adapted from British Standard BS EN 12588 Specification for
milled lead sheet and strip for building purposes, table on 
page 2.

Timber roll

40 mm lap

Overcloak

Isolating membrane of
impregnated flax felt

Plywood decking

14.1 Roll joint to lead sheet roofing.



Copper sheets for roofs come in 1800 x 600 mm rolls of 0.45–0.60 mm thickness. Joints
running parallel to the slope of the roof are formed by rolls and joints running at right angles to
the slope are formed by welts (see Figs 14.3 and 14.4).

At the eaves the copper sheet is taken over the fascia board into the gutter. At the verges the
copper sheet is dressed over an angle fillet and fixed to the top of the kerb. At abutments to
vertical walls the copper sheet is dressed up the wall to a height of 150 mm and turned into a
horizontal brickwork joint and protected by a cover flashing. Both lead and copper sheet roof
coverings are affected by oxidation and both metals form a thin protective film over their
surfaces after being exposed to the air for several months. The lead oxide film produces a
whitish-grey coating on the surface of the metal covering. The copper roof develops a green
patina. Neither of these films is harmful to the metal covering and do help to protect the metal
from further deterioration.
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14.4 Welted joint to copper sheet roofing.



Solar radiation

Flat roofs are exposed to the full force of the sun. The layer of thermal insulation incorporated
into the roof construction prevents solar heat gain from being dissipated into the interior of the
building. As a consequence on hot, sunny days the roof covering may reach temperatures far in
excess of normal working temperatures for the covering materials being used. This may cause a
softening of the covering material and a breakdown in its structure. Mastic asphalt will begin to
soften as it becomes hotter, and this may cause vertical upstands to slump. Bituminous felt cov-
erings will suffer from the bitumen-bonding compound beginning to liquefy and run and even
the bitumen binder in the felt itself to leach out.

Heating up of the roof may also cause entrapped moisture to re-vapourise and attempt to pass
through the roof covering to the external air where the vapour pressure is much less. Because the
coverings on flat roofs are impermeable the water vapour will be unable to pass through easily
and the vapour pressure differential between the entrapped water vapour and the ambient water
vapour in the external air can cause blistering to occur in bituminous felt and mastic asphalt
coverings. These blisters are a source of potential weakness in the covering and may be split when
trodden upon by workmen engaged in roof maintenance.

In addition, ultra-violet rays present in sunlight may embrittle bituminous felt coverings caus-
ing cracking to occur after later movement.

Suitable treatments may be white or aluminium paints applied to the surface of the covering to
reflect the sun’s rays off the roof surface. However, these will eventually wear off and need
to be re-applied at regular intervals. Alternatively, white stone chippings may be embedded in
the surface of mastic asphalt whilst it is still warm following application or bonded to the surface
of bituminous felt coverings with an application of hot bitumen compound. The use of white
stone chippings on the roof surface also helps to improve the fire resistance of the roof against
the ingress of fire from neighbouring properties. The chippings should not have sharp edges or
they will puncture the covering when they are walked upon.

Bituminous felts are available with a mineral surface finish but these are not really suitable for
protecting the horizontal surfaces of flat roofs. They can, however, be used on upstands to kerbs
and verges and abutments to vertical walls.
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Self Assessment Question 2

Why do the white stone chippings need to be embedded or bonded to the surface of
the covering?



Self Assessment Question 1

Why should the wall plate be positioned above the closing brick or block at the top of a
cavity wall?

15 Pitched roof construction

Introduction

Pitched roofs have their surfaces sloping at an angle greater than 10� to provide a run off for
rainwater at the eaves. The roofs may be pitched on one side only (monopitch), on two sides
(dual pitch) or on three or four sides (hipped). In addition, pitched roofs may be designed where
the lower portion of the roof is pitched at a steeper angle than the upper portion (mansard). On
dual pitch roofs the two ends of a detached building that are not covered by the roof structure
are termed the gable ends.

This chapter will consider the formation of pitched roofs for domestic buildings commencing
with the simple couple roof and progressing through the close couple roof, the collar roof, the
double roof, the triple roof, and the trussed rafter roof. Finally the hipped roof, the valley roof
and the lean to roof are discussed.

The couple roof

This is the simplest form of pitched roof construction and is suitable for short span roofs up
to approximately 3 m span. Timber rafters bear onto 100 � 25 mm wall plates at their base
and are fixed at 400, 450 or 600 mm centres to a 175 � 32 mm ridge board at their heads
(see Fig. 15.1).

The wall plates are fixed to the top of the supporting walls with the aid of galvanised mild
steel straps at a maximum of 1.2 m centres. Where wall plates are joined in their length a 
half-lapped joint is used. Where a cavity wall is used for the supporting wall the top of the cavity
wall should be closed off with a brick or block and the wall plate positioned on top of this
closing brick or block.

The foot of the rafter is cut with a bird’s mouth joint to fit over the wall plate and nailed to
the wall plate (see Fig. 15.1). The rafters will generally extend beyond the wall to provide an
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overhang. A soffit board is fixed to their underside and a fascia board is fixed to their end (see
Fig. 15.1). The heads of the rafters are cut to provide a perpendicular joint with the ridge board
and then skew nailed to each side of the ridge board.

The sizes of the rafters are determined by the span, their spacing and the superimposed load.
The Building Regulations Approved Document A, tables A5, A7, A9, A11, A13 and A15 consider
sizes of rafter for pitches between 15� and 45� for superimposed loadings of 0.75 or 1.00 kN/m2.

The close couple roof

Where spans exceed 3 m the dead load and superimposed loading on the rafters could cause
them to ‘spread’ at their base, thus imparting an inclined thrust to the supporting walls. To pre-
vent this occurring the paired rafters on each side of the roof may be joined together at their
base by a horizontal timber called a ceiling joist (see Fig. 15.2). The Building Regulations
Approved Document A, table A3 provides suitable sizes for ceiling joists dependent upon the
dead load of the roof, the span of the joist and the joist spacing.

100 × 75 mm wall plate

32 × 150 mm ridge board

50 × 100 mm timber rafters
at 450 mm centres

50 × 100 mm timber
ceilling joist
at 450 mm centres

15.2 A close couple roof.

Self Assessment Question 2

Why is the close couple roof more structurally stable than the couple roof?

100 × 75 mm timber wall plate
strapped to the wall

Fascia board

Soffit board

Birdsmouth joint

38 × 125 mm timber rafters
at 450 mm centres

32 × 175 mm ridge board

15.1 A couple roof.
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The ceiling joists perform another useful function in that they can be used to support the
ceiling finish on their underside. In some properties the floor to ceiling height in the upper storey
may not be sufficient to allow the ceiling joist to be fixed at the base of the rafters. Where this
occurs the ceiling joist may be raised up the roof to form a collar and to provide an increased
ceiling height. However, the higher up the roof the collar is situated, the greater will be the
thrust imposed by the rafters on the supporting walls. The collar should therefore not be positioned
any higher than one third up the total height of the roof (see Fig. 15.3).

At spans in excess of 3.5 m the ceiling joists may show signs of excessive deflection. In order
to prevent this binders are normally fixed at right angles to the top of the joists at mid-span (see
Fig. 15.4). Sizes of binders are given in the Building Regulations Approved Document A, table A4
and are dependent on the dead load of the roof, the span of the binder and the spacing of the
ceiling joists.

At spans in excess of 4 m the binders themselves may need support to prevent excessive
deflection. This can be provided by 50 � 38 mm hangers fixed vertically between the binders at
their feet and the ridge board at their head at every fourth ceiling joist (see Fig. 15.5).

The double roof

Where roof spans exceed 6 m the rafters will require support in order to prevent them deflect-
ing excessively. This support is provided by the purlin, positioned normal to the rafters at mid-
span, creating a double roof (see Fig. 15.6). The size of the purlin is considered in the Building
Regulations Approved Document A, tables A6, A8, A10, A12, A14 and A16 for roof pitches of
between 15� and 45� and superimposed loads of between 0.75 and 1.00 kN/m2.

The purlins span between gable end walls on dual pitched roofs, but are likely to require fur-
ther support to prevent excessive deflection on long spans. This support may be provided by
inclined struts, notched to the underside of the purlins and supported on internal loadbearing
walls at every fourth pair of rafters (see Fig. 15.6). Where rafters need to be joined in their length

Self Assessment Question 3

What type of structural force is the hanger subjected to?

50 × 100 mm collar at 450 mm centres
positioned a maximum of one third
up the height of the roof

15.3 A collar roof.
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50 × 100 mm hanger
at every fourth rafter

50 × 100 mm binder

15.5 A hanger supporting the binder.

50 × 100 mm binder at mid-span

15.4 A binder strengthening the ceiling joists.

50 × 75 mm spreader plate
at every fourth rafter

50 × 150 mm inclined strut
at every fourth rafter

Loadbearing internal wall

50 × 100 mm binder

50 × 100 mm hanger
at every fourth rafter

63 × 150 mm purlin

15.6 A double roof.
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15.7 A scarf joint.

50 × 100 mm hanger
at every fourth rafter

50 × 100 mm binder

63 × 150 mm perpendicular purlins

Loadbearing wall

15.8 Vertical support to a purlin.

Self Assessment Question 4

What particular advantage does the triple roof have compared to the double roof?

a scarf joint is used (see Fig. 15.7) positioned centrally over the purlin. Where purlins need to be
joined in their length a similar joint is used positioned above the inclined struts.

If loadbearing support can be positioned directly beneath the purlin then the purlin may be
positioned vertically and cut into the rafters it supports (see Fig. 15.8).

Where the vertical support to the inclined struts or purlins has to be provided by internal load-
bearing walls, the internal room planning of the house may be restricted. Where this support to
the purlins is not available or not desirable a specially constructed timber truss may be used to
support the purlins. This is called a triple roof.

The triple roof

This comprises a truss consisting of rafters, struts, ties, hangers and ceiling joist (see Fig. 15.9)
prefabricated into a self-supporting framework and spaced at 1.8 m centres to support the
purlins and having common rafters spaced between them. The whole roof is then tied together
at the ridge, purlins and binders (see Fig. 15.9).

The members of the truss are connected together by means of bolts through toothed plate or
split ring connectors. The trusses may either be completely prefabricated at the works, transported
to site and lifted into position on site or assembled on site from their pre-made components
before being erected into position.
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The trussed rafter roof

The principle of triangulation exemplified in the trusses used in triple roof construction has been fur-
ther developed to create trussed rafter construction. Trussed rafters are completely prefabricated
trusses manufactured from stress graded timber, but jointed together with the aid of galvanised
mild steel nail plate connectors. The truss comprises rafters, struts, ties and ceiling joist (often called
a ceiling tie) in a ‘fink’ or ‘fan’ configuration (see Fig. 15.10). There are other configurations that
are available from trussed rafter manufacturers, but the fink and fan are the two most widely used.

The trusses are completely self-supporting, spaced at 600 mm centres, replacing the common
rafters in a traditional ‘cut’ roof and dispensing with purlins, hangers, binders and ridge boards
(see Fig. 15.10). Because the trusses are prefabricated the spans and pitches must be standard
and uniform.

38 × 75 mm hanger

2 No. 38 × 75 mm ties

Toothed plate or
split ring connector

38 × 100 mm rafter

50 × 150 mm purlin

50 × 100 mm strut

75 × 75 mm strut

50 × 100 mm 
binder

15.9 A triple roof.

Fink style truss

Nail plate connector

38 × 125 mm strut
Fan style truss

38 × 125 mm rafter

38 × 125 mm tie

15.10 A trussed rafter.

Self Assessment Question 5

Why should prefabrication be such a popular concept for the manufacture of building
components?
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To avoid distortion and to prevent damage, trussed rafters should be carefully stacked on
lorries for delivery to site and stacked clear of the ground and protected from the weather when
on site. The trusses require stabilising during erection, using battens and require internal
diagonal wind bracing of a minimum size of 100 � 25 mm on completion. The trussed rafters
are fixed to the wall plates using galvanised metal truss plates (see Fig. 15.11).

Truss clip fixed to wall plate

Wall strap fixed to wall plate

15.11 Trussed plate fixing to a trussed rafter.

Self Assessment Question 6

Apart from the drawback of having to accept standardised spans and pitches, what
other disadvantages could there be to using prefabricated trusses in the roof?

Noggins to support restraint straps
between trussed rafters

Restraint strap fixed to three trussed
rafters and the gable wall

15.12 Restraint straps fixed to a trussed rafter.
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25 × 200 mm barge board
Trussed rafter

50 × 50 mm timbers forming the gable
ladder fixed to the trussed rafter and
barge board and built into the wall

15.13 A gable ladder and barge board.

Restraint straps are also needed to provide stability to the gable walls and hold down the roof
against wind uplift. The straps should be fixed to at least three trusses and supported by timber
noggings between trusses (see Fig. 15.12).

Where the roof is designed to provide an overhang at the gable ends a gable ladder is
constructed. This consists of horizontal noggings fixed between the last trussed rafter on the inside
of the gable wall and extending through the gable wall to provide support to the bargeboard at
the extremity of the overhang (see Fig. 15.13). The gable ladder should be no wider than the
spacing between the trussed rafters.

Where water tanks are located in the roof they should be mounted upon stands that spread
the load to the node points (the points where truss members are connected) over at least three
trusses.

Hipped roof

Hipped roofs are roofs that are pitched on three or four sides, comprising common rafters, hip
rafters at the external intersection of pitched surfaces and short jack rafters, spanning between
the wall plates and the hip rafters (see Fig. 15.14).

Because hip rafters need to provide a fixing for the jack rafters, they need to be deeper than
common rafters. To prevent the wall plates spreading at the corners of the roof immediately
beneath the hip rafters, timber angle ties should be fixed across the corner and secured to the
hip rafter by means of a galvanised mild steel dragon tie (see Fig. 15.15). Purlins will need to be
mitred at the hips.

Valley roof

At all internal intersections of roofs valleys are constructed. These are formed in a similar way
to hips and have a valley rafter at the intersection of the pitched surfaces, with valley jack
rafters to each side, spanning between the valley rafter and the ridge board. Once again valley
rafters need to be deeper than common rafters due to their need to support the end of the
valley jack rafters. Both hipped roofs and valley roofs can be constructed using adapted trussed
rafters.
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Lean to roof

These are roofs that are pitched on one face only (monopitch) and rely on an abutment wall for
support. The rafters bear on a supporting wall at their base and an abutment wall at their head,
via a wall plate fixed to the abutment wall. Where longer spans are required lean to roofs may
be constructed from monopitch trussed rafters.

Ventilation

Similar to flat roofs, pitched roofs can suffer from interstitial condensation. As with the cold deck
design it is virtually impossible to provide a completely effective vapour barrier at ceiling level and

Hip rafter

Dragon tie

Angle tie to prevent
wall plates spreading

Wall plate

15.15 A dragon tie.

Hip rafter

Jack rafters

Valley rafter

Valley jack rafters

Gable end

15.14 A hipped roof.
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so pitched roofs need to be adequately ventilated. This can be achieved by providing a continuous
gap at eaves level on opposite sides of the roof space. This gap should be a minimum of 
10 mm wide for roofs with a pitch greater than 15� and 25 mm wide for roofs of 10�–15� pitch
or where the thermal insulation layer is located above ceiling level. A mesh to prevent the entry
of birds, insects or vermin should protect the gaps at eaves level. Alternatively, purpose-made 
ventilation grilles can be fitted into the soffit board at regular intervals to equate to the same
amount of ventilation as would be provided by a continuous gap. These grilles can incorporate
suitable mesh.

Where the thermal insulation layer is brought to the eaves level, proprietary roof ventilators,
consisting of a ribbed plastic board, can be placed over the thermal insulation, allowing the air
from the ventilation gap to flow unimpeded into and out of the roof space (see Fig. 15.16).

Thermal insulation

Ribbed roof ventilator

Soffit ventilator

15.16 A ribbed roof ventilator.
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Introduction

Coverings to pitched roofs are normally in the form of small tile units, fixed to battens, which in
turn are fixed to the rafters. Weatherproofing of the covering is provided by overlapping the tiles
at their heads and bonding the tiles at their sides to provide a double lap. Alternatively, tiles may
be single lap and use an overlapping joint at the side or a patent edge fixing to adjacent tiles.

To prevent wind-driven rain from entering the roof under the tiles, a secondary weatherproof
barrier is provided using sarking felt, this is a bituminous felt, similar to that used for flat roof
coverings, but is reinforced with hessian to prevent it cracking where it is unsupported between
the rafters. Alternatively proprietary products have been developed based on strong, reinforced
plastic sheeting to provide the under-tile protection to the roof. The sarking material or under-
lay is draped over the rafters and lapped at intersections between 100 mm and 225 mm
dependent on the pitch. The tile battens are nailed on top and the sarking material is dressed
into the rainwater gutter at the eaves.

On some roofs a triangular sprocket is fixed over the rafters at the eaves. This supports
the underlay and also enables the last course of tiles to be raised so that they can drain
into the rainwater gutter. On some older roofs that were located in particularly exposed
positions, roof boarding was placed over the rafters in order to overcome the problem of wind
entering the roof beneath the coverings. Where this form of construction is used it is necessary
to provide counter battens running up the slope of the roof at a similar spacing to that of the
rafters to enable the tiling battens to be raised above the surface of the sarking felt.

Self Assessment Question 1

Why do the counter battens need to raise the tiling battens above the surface of the
sarking felt in boarded roofs?

The pitch of the roof is determined by the style of the roof tile and the material of its
manufacture. Roof tiles used in domestic construction are made from three main materials:

● Slate
● Clay
● Concrete
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These are available in a number of different styles and sizes.
This chapter considers the main materials used in pitched roof coverings for houses and their

method of installation. It also considers special tiles that are manufactured for a variety of spe-
cial locations or uses. Finally it considers the topic of flashings to pitched roofs, the materials
used and the method of installation.

Slates

Slates are derived from metamorphic rocks having a laminar structure, which allows the rock
to be split into tiles 3–11 mm in thickness, dependent on the type of slate. Welsh slates are
blue–black in colour whilst Westmoreland slates range from olive green to pale green in colour.
Because slates are derived from rocks they provide a very durable covering, but they are expen-
sive due to limited supplies. A less expensive, synthetic alternative is available and is much lighter
in weight.

BS 690 Part 4 Slates stipulates sizes for slates ranging from 254 � 152 mm (Units) to 660 �
406 mm (Empresses). Different sizes of slate are given different names, such as Countesses,
Marchionesses and Duchesses. Small slates require steeper pitches than larger slates. Pitches
may range from 221

2� to 45�. Slates are either head or centre nailed to the battens using copper
nails. Every slate needs to be nailed to the tiling batten. The nail holes are punched with a spe-
cial tool a minimum of 25 mm from each edge with head nailing and halfway down the slate
and 25 mm from the edge for centre nailed slates. Centre nailing is preferred to head nailing as
it causes less ‘rattling’ in high winds and reduces the chances of fixing nails being prised out of
the battens.

Slates are lapped at their heads by 65 mm for a pitch of 40�, 75 mm for a pitch of 30�, 90 mm
for a pitch of 25� and 100 mm for a pitch of 221

2�. The tiling battens are spaced at a distance
termed the gauge (see Fig. 16.1). The gauge is determined by:

Self Assessment Question 2

Why should centre nailing be better than head nailing for reducing wind rattling of the
slates and reducing the chances of fixing nails being prised out of the battens?

Self Assessment Question 3

What would be the gauge for a roof pitched at 30� and covered with Viscountesses
(406 � 254 mm)?

Gauge � length of slate – (head lap �25 mm)
2

At the eaves an under eaves course of slate should be used (see Fig. 16.1).



Because slates do not have a side lap to adjoining tiles they must be overlapped in successive
courses (i.e. they are a double lap tile). The bond created will be equivalent to half the width of
the slate. In order to create this bond the edge slates in alternate courses will need to be 11

2 times
wider than the other slates (see Fig. 16.2). Some designers consider it to be aesthetically pleasing
to use diminishing sizes of slate on a roof. This type of roof covering has larger sizes of slates at
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Sarking felt drapped over the rafters

Head nailed slates

Gauge

50 × 25 mm tiling 
batten

Typical slate

Alternative centre nailing

Head nailing 25 mm
from each edge

16.1 State covering to a pitched roof.

16.2 Bonding of slates in successive courses.
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the bottom of the roof (the eaves) and the sizes of slate diminish up the roof, terminating in the
smallest sizes of slates at the top (the ridge).

Although slates are very durable they can suffer from de-lamination if they are exposed for
long periods to the effects of acid rain. This may also cause the 25 mm border between the nail
holes and the top of the slate in head nailed slates to be eroded, causing the slate to come free
of its fixings and slide down the roof.

Clay tiles

Clay tiles are manufactured from either hand-made or machine-pressed clay and kiln fired in a
similar manner to bricks. They may have pigments added to create different colours and may
have a smooth or a sand-faced finish. They are manufactured in a number of different types
(see Fig. 16.3):

● Plain tiles (sometimes called Rosemarys)
● Pantiles
● Roman tiles
● Spanish tiles

Plain tiles are the commonest form. They are available in 265 � 165 mm size with thicknesses
of 10–15 mm. Because, like slates, they are double lapped tiles and therefore need to be butt
jointed to adjoining tiles and bonded in courses, tile and a half tiles are also available.

The tiles incorporate nibs on their undersides, which enable them to be hooked over the tile
batten so that they do not need to be fixed at every course. Nailing is therefore undertaken at
every fourth course of tiles and also at areas of the roof where wind forces are particularly severe
(i.e. at the eaves, the verge, and the ridge and around upstands such as chimneys).

Because clay tiles absorb water they must be laid to steeper pitches than other tiles, to allow
water to run off the roof more quickly, and require three tile thicknesses to be provided at the
head lap and two tile thicknesses between laps. For a 40� pitch, the tiles would have a head lap
of 65 mm and a gauge of 100 mm (see Fig. 16.4). As with slates an under-eaves course of tiles

Roman tile

Interlocking tile

Under side of a plain tile

Pantile

16.3 Styles of clay tiles.



should be used. The tiles are cambered in their length to resist capillary attraction of water
between tiles (see Fig. 16.4).

Pantiles are 355 � 255 mm in size. They have a waved profile and, unlike plain tiles, are single
lapped and are laid with overlapping side joints, which are continuous from the eaves to the
ridge. They therefore do not need to be bonded in courses. The head lap is normally 75 mm and
to prevent too great a build up of thickness where the tiles overlap at the head and at the sides,
two opposite corners of the tiles are chamfered (see Fig. 16.3). They may have a smooth, sanded
or glazed finish.

Roman tiles are 420 � 345 mm in size and like pantiles are also single lapped with opposite
corners chamfered. They comprise a flat portion with either one or two rolls to form the side lap
(see Fig. 16.3). They may have a smooth, sanded or glazed finish.

Pantiles and roman tiles may also be manufactured with interlocking side joints. This consists
of grooves on one side edge of the tile and a corresponding nib on the other side edge.
Adjoining tiles interlock by the nib on one tile fitting into the groove of the adjoining tile (see
Fig. 16.3). Grooves on the underside of the lower edge of the tile prevent capillary attraction of
rainwater between tiles at the head lap.

Spanish tiles are 355 � 230 mm in size. They consist of convex upper and concave lower tiles.
The upper tiles taper down from the head to the tail and are fixed to battens running up the
slope of the roof, rather than across the roof as battens for other tiles do. The lower tiles are
skew nailed through their edges to the battens. Spanish tiles, as the name suggests, are com-
monly used as a roof covering in Spain but are rarely used in the United Kingdom.

Clay tiles can suffer from frost damage if rainwater is not allowed to run off the roof
quickly and is then absorbed by the tiles and freezes in cold weather. Frost damage will cause
de-lamination of the tile. It is therefore important to ensure that roofs covered with clay tiles are
laid to a steeper pitch than that required for slate or concrete tile coverings.

170 Pitched roof coverings

Clay plain tiles

Slight camber in the
length of the tile

16.4 Eaves detail for clay tiles.

Self Assessment Question 4

How does cambering the tile resist capillary attraction of water between tiles?
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Concrete tiles

Concrete tiles are made from a fine mixture of cement and well-graded sand. They are machine
made by placing the mixture into steel moulds and curing for 1–2 days. Colours can be achieved
with the addition of a pigment to the mix. Most concrete tiles have a sand-faced finish although
smooth finishes are also available. They are available as plain tiles, pantiles and roman tiles in
similar sizes to their clay equivalents. They are also available as interlocking tiles. Concrete tiles
tend to be more durable than clay, since no firing is used in their manufacture and the tiles are
not of a laminar structure.

Special tiles

Purpose-made tiles are produced for features such as ridges, hips and valleys (see Fig. 16.5).
These are normally manufactured from either clay or concrete. At the verge and ridge the tiles
are bedded in 1: 3 cement : sand mortar. At the verge an undercloak should be provided bed-
ded directly onto the brickwork of the gable wall. Alternatively proprietary dry verge and ridge
systems are now available using mechanical fixing systems rather than relying on cement : sand
mortar.

On natural slate roofs hips, valleys and ridges must either be covered with clay or concrete
tiles or these features may be covered with a malleable sheet metal such as lead or copper.

An alternative to valley tiles on clay or concrete tiled roofs is to provide a valley gutter. This
can be fashioned from lead or copper sheet or a preformed gutter manufactured from glass-
reinforced plastic may be used.

Half round ridge tile

Angle ridge tile

Bonnet hip tile

Valley tile

16.5 Special tiles.

Self Assessment Question 5

Why cannot natural slate tiles be used to form the hips, valleys and ridges on a slate roof?



Flashings

At vertical abutments, where the roof meets projecting external walls or where a chimney stack
or soil vent pipe protrudes through the roof, the gap created between these features and the
roof covering must be covered with an impermeable material. The brickwork in any projecting
wall or chimney stack must also be protected from becoming damp from the rainwater drain-
ing from the roof. At these points a flashing must be provided, cloaked over or underneath the
tiles and dressed a minimum of 150 mm up the abutment wall or feature and turned into a
brickwork joint (see Fig. 16.6). A similar flashing is used for projecting soil vent pipes in the
shape of a cloak.

Because of the slope of the roof the flashing needs to be stepped to maintain the minimum
height of 150 mm above the surface of the roof. At the rear of a chimney the rainwater drain-
ing down the roof will need to be conducted around its rear. At this point a gutter needs to be
fashioned from timber or plywood boarding and covered with the material used for the flash-
ing (see Fig. 16.6).

Flashings are normally fabricated from sheet lead, copper or aluminium, although synthetic
materials are available for preformed cloaks. Lead flashings are normally of code Nos 3, 4 or 5.
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Apron lining dressed a minimum
of 150 mm down the roof

Cover flashing dressed into brickwork joint

Stepped flashing a minimum of
150 mm above the roof covering

Brick chimney stack

Cover flashing dressed into brickwork joint

Lead lined back gutter
taken up the wall a
minimum of 150 mm

Roof tile

Trimmers between rafters
to create the opening for the chimney

16.6 A flashing to a chimney stack.



Introduction

Timber frame is a form of construction in which the structural framing members of the building
are fabricated from timber and connected together in order to transmit the building loads to a
suitable foundation onto which they are based. The framework forms the main shell of the
building and suitable external claddings are subsequently attached to provide the necessary
weather protection. The framework may be constructed up to three storeys in height, although
five-storey buildings have now been constructed using timber frame technology.

Many people consider timber frame construction as a relatively new form of constructing
buildings, but in fact this method of construction pre-dates conventional masonry construction
in many parts of the world and there are still good examples of timber frame buildings dating
from the sixteenth century still in occupation in the United Kingdom. What is new about mod-
ern timber frame construction is the use of prefabrication to construct the frames within a factory
and then transport them to site for erection on prepared bases.

There are a number of advantages and disadvantages of timber frame construction compared
with conventional masonry construction. The advantages include the following:

● The reduced cost of financing the project due to the following:

➢ swifter construction due to the use of prefabricated frames;
➢ planned component deliveries reducing the cost of having to buy materials long before

they are required to be used;
➢ fewer men and machines required to erect the houses on site, as much of the work has

been undertaken in the factory.

● Fewer activities to coordinate on site making construction easier.

17 Timber frame and steel
frame house construction

Self Assessment Question 1

Why are there fewer activities to coordinate on site with timber frame construction
compared to traditional masonry construction?
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● A variety of designs are able to be produced at very little extra production cost due to the
use of mechanised production systems and economies of scale.

● The prefabricated units may have services built in to them in the factory further reducing
construction time on site.

● Timber being lighter in weight than bricks and blocks reduces the overall dead weight of the
building providing possible savings in foundation costs.

● Timber frame walls have a much higher thermal insulation value than walls constructed from
bricks and blocks.

● Timber frame construction uses dry construction, therefore reducing drying out time and
allowing the building to be occupied much more quickly.

● Because the components are prefabricated in a factory, wastage and theft of materials on
site is reduced.

There are also a number of disadvantages to timber frame construction. These include the
following:

● Care is needed in the design and site erection of components since the structural integrity of the
building relies on the way in which the framework is designed, fabricated and finally erected.

● Care also needs to be taken in the design and site erection of components to provide
adequate fire resistance, as timber is a combustible material.

● Care needs to be taken in the construction of timber frame buildings in order to reduce the
occurrence of interstitial condensation within the external framework.

● Timber frame buildings tend to have poorer sound insulation performance than buildings
constructed using traditional masonry walls.

● Measures need to be taken to accommodate differential movement between the timber
frame structure and the external cladding.

Self Assessment Question 2

Why should a wider variety of designs available be considered an advantage for this
form of construction?

Self Assessment Question 3

Why might timber frame houses have poorer sound insulation performance than houses
constructed using traditional masonry walls?

Self Assessment Question 4

Why should differential movement between the timber frame structure and the external
cladding be a problem?
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● There is still an amount of consumer reluctance to accept any non-traditional forms of
construction. This has been fuelled by reports in the media of poor construction practices
associated with timber frame construction and the unfounded concern shown by potential
buyers of timber framed houses that mortgage lenders may be reluctant in the future to
advance mortgages on properties built using timber frame construction.

There is no doubt that timber frame construction has sporadically had a bad press over the
past 30 years or so. In fact the devastating impact that the Man Alive programme in 1984 had
on this sector of construction activity can be noted from the drop in house construction using
this technology from approximately 50 per cent of all new house starts before the programme
was aired to approximately 5 per cent of all new house starts in England and Wales following
the broadcast. The housebuilding sector of the construction industry in the United Kingdom has
learned a lot from this criticism and during the last 20 years the quality of timber frame house
construction has improved and its market share has gradually risen.

This chapter will consider the main methods of timber frame house construction used in the
United Kingdom and the methods of providing an external cladding to timber framed buildings.
Consideration is then given to the measures needed to address the main concerns with this form
of construction: those of structural stability, precautions against decay and fire resistance. Finally
the concept of steel framed house construction is considered.

Methods of construction

There are basically four main methods of timber frame house construction:

● Platform frame
● Balloon frame
● Post and beam
● Volumetric units

Platform frame

This is the most commonly used form of timber frame construction in the United Kingdom. All
timber panels are storey height. Ground floor to first floor panels support first floor joists and
first floor to second floor panels support roof trusses in a conventional two-storey structure. The
first to second storey panels are erected on top of the first floor platform, hence the name
platform frame (see Fig. 17.1).

This form of construction allows easily manageable storey height panels to be prefabricated
off site, transported to site and rapidly erected on site without the need for heavy lifting equip-
ment. The designer also has complete freedom of interior room layout, as most of the internal
walls will be non-loadbearing, along with the positioning of the doors and windows in the exter-
nal panels.

Balloon frame

The external timber frames extend from the sole plate at ground level to the eaves. These frames
then support the joists for the upper floors and the trussed rafters for the roof. The internal walls
are inserted following the completion of the external structure (see Fig. 17.2).

This form of construction is seldom used in the United Kingdom, as the lengths of timber
required are difficult to obtain. Also lifting equipment is generally required on site in order to
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erect the large and heavy external frames into position. This form of timber frame construction
is however popular in Scandinavia and North America, where longer lengths of timber for these
frames are more readily available.

Wind bracing fixed
inside trussed rafters

Second floor panel
fixed to first floor deck

Framing around
window opening

100 × 50 mm sole plate 100 × 50 mm bottom plate

50 × 100 mm studs
at 450 mm centres

First floor joists covered by 
100 × 50 mm header

Diagonal bracing over the
framing members

Trussed rafters

17.1 Platform frame construction.

50 × 100 mm studs extending 
from the sole plate at ground level
to the wall plate at eaves level

Floor joists fixed to studs
after the frame is completed

17.2 Balloon frame construction.

Self Assessment Question 5

What could be considered to be an advantage of Balloon frame construction compared
with Platform frame construction?
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Post and beam

A structural grid framework is produced using large section timber posts, supporting large
section timber beams. These support the upper floor joists and roof trusses (see Fig. 17.3).

The external infill panels and internal partition walls are similar to those used in platform
frame construction. Thus the structural frame becomes superfluous on short span structures.

This form of construction is similar to that used on historic timber framed buildings and tends
to be chosen by designers who wish to emulate the exposed timber framework that is a char-
acteristic of these historic buildings.

Volumetric units

These are prefabricated ‘box’ units constructed in the factory from floor, wall and roof panels
and incorporating, where desired, all internal services and finishes. The completed storey height
units are transported to site, lifted into position by a crane and joined together to form the
house (see Fig. 17.4). They merely require the addition of external cladding materials to finish
off the building.

This form of construction tends to be restricted to smaller properties, due to the limitations of
transportation and lifting. They are also not favoured by some architects and planners, due to
their repetitive design. However, they can be constructed extremely quickly and are therefore
proving ideal for the construction of low-cost, affordable housing.

Timber frame infill panels

300 × 300 mm timber post

Wall plate

Trussed rafters

300 × 300 mm timber beam

17.3 Post and beam construction.

Self Assessment Question 6

Why is the post and beam framework in this type of timber frame construction
considered to be superfluous on short span structures?
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Structural stability

The timber used must be selected according to species, grade, strength, size and moisture
content. The frame is normally based on a 100 � 50 mm timber sole plate (sometimes called a
base plate) fixed to the solid ground floor slab. The sole plate must be accurately set out and
levelled or the whole of the frame will be out of alignment and may be unstable.

Wall panels are fabricated from 100 � 50 mm vertical timber studs spaced at 400–600 mm
centres and fixed between 100 � 50 mm horizontal timber head plates and bottom plates or sill
plates. The frame is prevented from racking or dropping out of shape by means of 100 � 50 mm
timber diagonal braces extending across the framework (see Figs 17.1 and 17.2). Fixing plywood
sheets as sheathing to the exterior provides additional support to the framework (see Fig. 17.5).

The floor decking can be constructed of tongued and grooved plywood sheets or sheets of
particle board. The pitched roofs are normally constructed from trussed rafters. Timber framed
houses may use suspended timber ground floors. Where these are used the sole plates are fixed
on top of the sleeper walls.

Lower storey on prepared foundation base

Top storey with roof construction
craned into position onto lower storey

Internal walls, windows and
door frames already built in

17.4 Volumetric units.

Half brick external wall

Flexible wall tie

100 × 50 mm base plate

100 × 50 mm sole plate

Galvanised mile steel
anchor to sole plate

Damp proof course

Weephole to drain cavity

Ground level

150 mm compacted hardcore bed

150 mm concrete slab

Damp proof membrane

50 mm screed

100 mm thermal insulation
between 50 × 100 mm studs

Plasterboard dry lining

Vapour barrier

Plywood sheathing

Breather paper

17.5 External wall finish to a timber frame.
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External wall finishes

Timber framed buildings require an external wall finish to provide adequate weather resistance.
Suitable finishes include the following:

● Brick or masonry
● Timber cladding, either horizontal or vertical
● Tile hanging
● Cement and sand rendering

These finishes are secured to the plywood sheathing allowing differential movement to occur
without damaging the finish or the timber frame. A special flexible wall tie has been developed
to fix brickwork external cladding to the timber frame (see Fig. 17.5).

The use of weatherboarding, tile hanging and cement and sand rendering for external wall
finishes is covered in more detail in the chapter on External finishes.

Precautions against decay

Timbers in direct contact with the ground or the external climate should be treated against
decay. The sole plate should be bedded on a dpc (see Fig. 17.5).

The timber used in timber frame construction should be delivered to site with a moisture con-
tent not greater than 20 per cent. When installed into a dry and heated building it should reach
an equilibrium moisture content of between 12 and 14 per cent. This could result in a drying
shrinkage of up to 10 mm over a two-storey structure. Clearly it is undesirable for the moisture
content of the timber in the prefabricated frames to increase above that at delivery. The frames
therefore need to be stored in dry conditions prior to erection.

In addition to the external cladding a breather membrane is applied to the exterior surface of
the plywood sheathing (see Fig. 17.5). This generally consists of building paper, a membrane
comprising a bitumen core sandwiched between sheets of stout paper. The membrane is mois-
ture resistant but water vapour permeable. Thus it prevents rain penetration from outside that
may have got past the external cladding getting into the building, but enables any water vapour
that may be passing through the wall construction from inside the building to percolate through
to the external environment.

Timber framed houses have high thermal insulation values. In consequence, excessive water
vapour produced in the house will percolate through the wall structure and may condense on
cold surfaces within the wall framework, causing interstitial condensation. This is a similar prob-
lem to that encountered with flat roof construction and similar precautionary measures should
be used to overcome it. As it is difficult to effectively ventilate the wall a vapour check should
be applied on the warm side of the insulation. Polythene sheet is often used for this purpose
and is stapled to the vertical studs of the timber framework. Because of this it cannot be con-
sidered to be completely impervious. It is imperative that the vapour check remains intact and is
not split. This can be a problem when trying to bring electrical cables from the cavity within the
framework to sockets and switches that are positioned on the interior face of the wall. Any holes
in the vapour check must be repaired before the internal finish is fixed.

Thermal insulation

Fibreglass quilt or similar thermal insulation materials can be placed between the vertical stud
members and thus sandwiched between the plywood sheathing on the outside of the timber
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frame and the plasterboard internal finish on the inside of the frame (see Fig. 17.5). This enables
thermal insulation up to 100 mm in thickness to be installed in the timber frame wall and 
U values as low as 0.35 W/m2�K to be obtained. This is often better than the thermal performance
that can normally be achieved by a traditional brick and block cavity wall with thermal insulation
contained within the cavity.

Fire resistance

The fire resistance of the roof, floors, non-loadbearing internal walls and stairs of timber framed
houses is similar to that of the equivalent elements in traditional house construction.
Plasterboard dry lining to walls and ceilings provides acceptable fire resistance in compliance
with the Building Regulations Approved Document B, section B2. Dry lining is discussed in more
detail in the chapter on Internal finishes.

To prevent fire from spreading within the cavities of a timber framed house, fire stopping in
the form of incombustible quilt is provided around all openings, horizontally at joist and eaves
levels and vertically at intervals to break up large areas of the cavity.

Steel frame house construction

The technology used in timber frame construction has also been adapted for steel frame house con-
struction. There are a few proprietary systems that have been devised. A typical system utilises 1.6
mm galvanised, cold-rolled steel strips that have been formed into 75 � 50 mm channel sections.

1200 mm wide wall panels are fabricated from vertical studs spot welded in the factory to
horizontal top and bottom rails. Additional diagonal braces are added for stability and to
strengthen the frame to resist wind loading. The ground floor to first floor panels are fixed to a
galvanised steel ring beam that has been concreted to the ground floor slab. Upper floors are
constructed from troughed steel decking supported on ledgers fitted to the head rails of the wall

Half brick external wall

Wall ties fixed into dovetail
anchor channel

Cement-based board

Damp proof course

Channel section ring beam

Galvanised pressed steel
channel section base plate

Plasterboard dry lining

Vapour barrier

100 mm thermal insulation between
pressed steel channel section studs

17.6 Typical steel frame house construction.
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panels beneath. This decking supports a 110–160 mm reinforced in situ concrete slab. A galvanised
steel ring beam is cast into the upper floor slab to support the next lift of wall panels. The outer
faces of the wall panels are fitted with 8 mm thick glass reinforced cement boards and the 
inner faces are covered with plasterboard dry lining. The roof is constructed from timber trussed
rafters (see Fig. 17.6). Narrow steel channels are fixed to the outside of the wall frames to
accommodate ‘fish tail’ shaped brick ties that are embedded into the joints of the brickwork
cladding. This enables any differential movement between the frame and the cladding to take
place.

Currently steel frame house construction is not as popular as timber frame house construc-
tion but it has similar advantages to the timber system as well as being lighter in weight and not
having the same problems with moisture movement as the timber system has. The disadvan-
tages of the two systems are very similar. Interstitial condensation occurring in the steel frame
system could lead to corrosion of the framing members. Unlike timber frame construction, steel
frame systems are erected by the manufacturers using specially trained erection teams.
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Introduction

The primary function of a window is to allow daylight into the building. Before the invention of
glass, windows were open apertures in the external walls of buildings and allowed wind and
rain to enter through them. In consequence, the apertures were small and not particularly
efficient at allowing daylight to enter the building. Modern windows comprise a sheet (or
sheets) of transparent or opaque glass enclosed in a framework of timber, steel, aluminium or
PVCu (plastic). This enables windows to be much larger and their daylighting efficiency is much
improved.

Windows can have the sheet of glass fixed in an enclosing framework or the window frame
can accommodate smaller sub-frames or casements that can be opened. This enables the
window not only to allow daylight to enter the building but also fresh air from the exterior to
ventilate the building. Modern windows may have a number of differing sized casements in one
frame and this allows varying amounts of ventilation to be accommodated.

If windows contain transparent glazing then they may serve an additional function in
providing acceptable viewing of the external environment to occupants of buildings. This may
have a psychological benefit where occupants of the building are likely to spend a large part
of each day separated from the outside environment. Designers will therefore often consider
placing the windows in strategic locations to afford acceptable viewing to the building
occupants.

The location of windows in the façade of the building is also of importance to the appearance
of the building. Indeed the style of window used in a building often has a strong influence on
the building’s architectural style (consider the influence of the style of windows used in Gothic,
Georgian and Art Deco styled buildings). This aspect of architectural styling and the disposition
of windows within the façade of buildings is termed fenestration.

It is possible to manufacture windows on site, but it is generally considered to be more
economic to manufacture them in factories and deliver them to site for installation into the
external walls of the building. Apart from the wide range of materials and styles that windows
can be manufactured from, there is also a wide range of window manufacturers. In order to
ensure that windows from different manufacturers are of similar sizes there is a need for a
system of dimensional coordination. This enables manufacturers to offer a variety of standard
sizes that will suit the architect’s desire to provide a certain amount of flair in the design, but
also ensure that the amount of variability is not too great to detrimentally affect the economies
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of scale brought about by the mass production of components. Variations in size are therefore
based on increments of a standard unit measurement or module.

With the increasing use of prefabrication for the manufacture of components for buildings it
has become necessary for this standard unit of measurement to be adopted by all manufactur-
ers of all building components in a system of modular coordination. Unfortunately it has not
been possible to agree on the standard size of a module for all building components, but there
is general agreement amongst manufacturers of similar components regarding the basic mod-
ule size for their component. Window manufacturers have tended to base their basic module
size on the dimensions of the standard brick.

This chapter will first consider the functional requirements of windows and then compare and
contrast the four main types of materials used in window manufacture. The design of a variety
of different types of windows will then be discussed. The glazing and ironmongery used for win-
dows will also be considered. Finally, consideration will be given to the methods of installing
windows into houses.

Functional requirements

Apart from the primary functional requirement and supplementary functional requirements
already considered in the introduction, windows will also need to satisfy the following additional
functional requirements:

Weather resistance Because windows form part of the external fabric of the building, they
must be able to offer a similar level of weather resistance to that of the walls in which they are
situated. Fortunately much of the window consists of glass, which is an impermeable material.
However, where the window design incorporates opening casements it is necessary to ensure
that rain penetration and air infiltration does not enter the building. This can be difficult to
achieve as there needs to be a sufficient gap between the casement frame and the main win-
dow frame that the casement is fitted within to enable the casement to open and close satis-
factorily. In consequence, a lot of thought has gone into the detailing of this joint to reduce
the problem of rain penetration and air infiltration. Consideration also needs to be given to the
detailing of the joint between the main window frame and the head, cills and reveals of the
wall opening into which it is fixed. Both these aspects are considered in more detail later in this
chapter.

Security Windows can provide a means of access into the building, particularly where open-
ing casements are included in their design. It is therefore important to ensure that good quality
catches and locks are used on opening casements to prevent unwanted intruders gaining access
to the house. It is also important to consider ways of preventing the panes of glass from being
removed from the outside of the window, enabling undesired access into the building.

Thermal insulation As windows form part of the external fabric of the building, their
thermal performance will affect the overall thermal performance of the external wall in which
they are situated. Unfortunately much of the window is composed of glass, which has a high

Self Assessment Question 1

Why should window manufacturers have based their basic module size on the dimen-
sions of the standard brick?
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thermal conductivity. The thermal performance of windows can be improved by the use of
multiple glazing. This consists of two or more panes of glass entrapping an air space. There are
four main types of multiple glazing:
Double glazed windows – comprising factory sealed panes of glass fixed into a wider frame

rebate than used in single glazing (see Fig. 18.1). This method is the most popular for modern
windows.

Glazed in situ double glazing – comprising two panes of glass fixed in situ into a double
rebated frame (see Fig. 18.2) or contained in separate beading fixed to the existing frame
(see Fig. 18.3).

Glazing bead

Double glazed unit

18.1 A double glazed window.

Outer pane fixed with putty Inner pane fixed with glazing bead

Hole to drain any condensate

18.2 Two panes of glass fitted into a double rebated frame.

Removable timber bead

Glass fixed into bead with tape sealant

18.3 Two panes of glass contained in beading fixed to the frame.
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Coupled windows – comprising two panes of glass fixed in separate casements and coupled
together (see Fig. 18.4).

Double windows – comprising a secondary system of glazing contained within its own frame
and fixed to the inside of the existing single glazed window frame (see Fig. 18.5). This form
of multiple glazing has been popular in retro-fit applications where existing single glazed win-
dows have been upgraded to multiple glazing without removing the existing window unit.

Research undertaken by the Building Research Establishment has found that the optimum gap
between the panes in multiple glazing for effective thermal insulation is 12 mm (Building
Research Establishment Digest 140: Double glazing and double windows).

Further improvements to the thermal performance of the glazing can be effected if the gap
between the panes is filled with an inert gas such as Argon. Furthermore, additional benefits
can be derived from the use of heat reflecting glass with a metallic surface coating having a low
heat emissivity. Glass manufacturers have undertaken a large amount of research into improv-
ing the thermal performance of window glazing. This has resulted in low emissivity glasses that
can reflect heat from their surfaces. This not only prevents heat escaping from a building but
can also reduce solar heat gain.

Timber frames have better thermal insulation values than metal frames. The latter suffered in
the past from problems of surface condensation on the frame as well as the glazing. Modern
aluminium windows incorporate thermal insulation materials within the hollow extrusions of the

Glazing bead to outer pane Glazing bead to inner pane

Vent between units

18.4 A coupled window.

Inner panel in sliding frame

18.5 A double window.
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frame and along with the use of multiple glazing these windows have now considerably reduced
the cold bridge effect previously suffered.

Heat losses can also occur through the gaps between the opening casements and the window
frame. These heat losses can be reduced by the inclusion of weatherstripping to the casement
frame. Weatherstripping normally consists of a compressible material that can effectively seal
the gap between the casement frame and the window frame when the casement is closed.

Sound insulation Similar to thermal insulation the overall sound insulation of the external wall
will be affected by the sound insulation of the window units located within it. Once again the
use of multiple glazing can make a significant difference to the performance of the window.
Building Research Establishment Digest 338: Insulation against external noise states that unlike
the gap between panes for optimum thermal performance, the gap between panes for opti-
mum acoustic performance is considerably wider: 200 mm wide for glass thicknesses of
between 3 and 4 mm, 150 mm wide for glass thicknesses of between 4 and 6 mm and 100 mm
wide for glass thicknesses greater than 6 mm. This suggests that it is not possible to satisfy the
requirements of effective thermal insulation and sound insulation with the same window. In fact
some acoustic attenuation is achievable with a 19 mm gap between the panes in multiple glaz-
ing and most homebuyers are likely to seek high thermal performance at the expense of reduced
acoustic performance from the windows in their new house.

Weatherstripping around the edges of opening casements also helps to reduce sound transmis-
sion through the gap between the casements and the window frame. Any gaps between the frame
and the external wall should also be well sealed to prevent sound transmission in these positions.

Cleaning To provide optimum light transmission and to enable occupants to view the outside
environment through the windows, the glazing needs to be frequently cleaned. This is generally
not a problem in houses up to three storeys in height where the windows to rooms on the upper
storeys can be reached by a ladder, but in taller buildings such as in blocks of flats or where a
window to an upper room cannot be easily reached because of a projection such as a conserva-
tory on the ground storey, it may not be possible to reach the external face of the window to
clean it. In these situations, windows that enable the outside face to be cleaned easily from the
inside of the building, such as the pivot window, may be considered to be a better choice than
the conventional side hung or top hung casement window.

Materials

Windows are generally manufactured from one of four main materials:

● Timber
● Steel
● Aluminium
● PVCu (plastic)

Each material has its own advantages and disadvantages.

Self Assessment Question 2

Why do timber frames have better thermal insulation values than metal frames?



Timber

Timber is still the most popular material for windows, due to its availability, low cost, ease of
working and appearance. It is covered by BS 644 Wood windows. Because wood is a good ther-
mal insulator there is little problem with surface condensation on the frames of timber windows.

The disadvantages of timber windows are their high moisture movement, which can make
casements difficult to open and close in winter when the timber has swollen. Any remedial treat-
ment, such as planing around the edge of the casement to ensure a better fit following mois-
ture movement of the timber, can result in an increased gap between the casement and the
frame when the timber has shrunk in drier conditions. This increased gap leads to a greater
amount of air infiltration and a reduced thermal and acoustic performance. It is for this reason
that it can be difficult to weatherstrip timber windows. However, modern high-performance
timber windows are now supplied double glazed and weatherstripped. Timber windows are vul-
nerable to wet rot unless they are adequately protected. They may be protected by painting or
staining once every 3–4 years. Alternatively timber windows are available that have been clad in
plastic or faced in aluminium at the factory.

Timber windows are normally fixed into position by the builder as the external wall is con-
structed. The glazing is normally fitted into position with linseed oil putty before the building is
made weathertight. High-performance timber windows are generally delivered with sealed dou-
ble glazing units already fitted.

Steel

Hot rolled steel sections to BS 6510 Steel framed windows and glazed doors are quite inexpen-
sively produced and are easily assembled within the factory to produce window units. The sec-
tions used are small, providing optimum daylight admission.

The disadvantages of steel windows are that they are not seen as being as attractive as timber
windows. They also suffer from higher thermal transmittance coefficients than timber windows.
Staining of internal wall finishes by surface condensation may be alleviated by placing the steel
windows in a timber sub-frame. Steel windows are prone to corrosion and so must be hot-dip
galvanised. They should be further protected by painting once every 4–5 years. Alternatively
they may be supplied with a polyester powder coating that is available in a range of colours.
Stainless steels are available for window manufacture but tend to be too expensive for
consideration in housing.

Steel windows are ‘built in’ as the external wall is constructed, in a similar manner to that of
timber windows. They are normally glazed before the building is made weathertight using putty
containing a special hardening agent.

Aluminium

These are constructed from hollow extruded sections of type 6063 aluminium alloy to BS 4873
Aluminium alloy windows. They are supplied in one of four types of finish. Mill finish is the nat-
ural finish. Anodised finish has a protective coating obtained from electrolytic oxidation. Organic
finish is produced using acrylic or polyester powder coatings in a variety of colours. The alu-
minium sections may also be clad in stainless steel. All these finishes provide a high standard of
durability. They also give aluminium windows a pleasing appearance.

The disadvantages of aluminium windows include their high initial cost (that may be offset by
their low maintenance requirements and long life span) and their high thermal conductivity,
which can cause surface condensation on the frames and also provide a cold bridge of heat flow
from the interior to the exterior of the building. This has been quite effectively overcome by
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filling the hollow frame sections with thermal insulation material. Aluminium is a relatively soft
metal and window frames can easily become scratched or dented during the construction
process. They are therefore fitted at a later stage in the construction sequence than is normally
the case with timber or steel framed windows.

Aluminium windows come to the site factory glazed and weatherstripped. The sealed double
glazing units are installed in the frame using a neoprene gasket. Aluminium window manufac-
turers normally offer a supply and fit service, rather than supplying the window units for the
builder to fit on site. Because they are installed at a late stage in the construction sequence they
are fitted into prepared openings formed in the external walls by temporary timber templates.

PVCu

Un-plasticised polyvinyl chloride windows have only been used in the United Kingdom for
approximately 35 years. Prior to this they were popular in continental Europe, particularly
Germany. They are made from hollow extruded sections similar in shape to the extruded alu-
minium sections previously considered. However, they are much larger in size and therefore for
the same area of window have the least area of glazing of all four materials considered. Thus
the amount of daylight admitted by these windows is less than with the other framing materi-
als. PVCu windows have good durability. There was concern when they were first introduced to
the United Kingdom that they would suffer from ultraviolet degradation and become brittle
when exposed for long periods of time to sunlight. This has now not been found to be a prob-
lem but although they are available in a wide range of colours the brighter colours are probably
best avoided, due to their tendency to fade when exposed to sunlight over a long period of
time. Plastic window frames have a similar thermal conductance value to that of timber frames
and do not suffer from the cold bridge effect that can beset steel and aluminium windows.

The disadvantages with these windows include an initial consumer reluctance to accept them,
since plastic had an association with ‘cheap and shoddy’ goods. In fact these windows are quite
expensive to purchase and have a similar initial cost to aluminium windows. They do however
compare favourably with aluminium windows with regard to good durability and low mainte-
nance costs. The extruded hollow sections of PVCu windows are not as strong as the equivalent
sections in aluminium windows. In consequence, on large windows the hollow sections may
need to be reinforced with steel cores.

PVCu windows can be easily scratched or damaged during construction. In consequence they
are generally fitted later on in the construction sequence, similar to aluminium windows. As with
aluminium windows they are supplied ready glazed and weatherstripped and are fitted into pre-
pared openings by the manufacturers own fitting team.

Standard timber casement window

This style of window is available in a wide range of sizes and designs. The frame consists of a 
70 x 45 mm head member at the top and a 120 x 57 mm sill member at the bottom, extending
across the full width of the window, with 70 x 45 mm jamb members at each side. The frame is
further sub-divided by a 70 x 57 mm vertical mullion member and a 95 x 57 mm horizontal
transom member (see Fig. 18.6). All these members are joined together with wedged mortice and
tenon joints.

The frames have deep rebates to accommodate the opening casements, a small top hung
ventlight and a larger side hung casement sash. A fixed light is accommodated beneath the
ventlight. Each of these casements is formed by a sub-frame assembly comprising 45 x 40 mm
horizontal top and bottom rails and vertical stiles. These rails and stiles incorporate shallow
rebates for glazing (see Fig. 18.6).
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Types of window

Windows are classified by their method of opening into ten main categories: (see Table 18.1).

Table 18.1 Window types.

Type Attributes Design

Fixed The cheapest
form of window

No opening facility

Top hung casement Usually small in size
Usually situated at high level
Provide limited ventilation

Bottom hung casement Hopper type opening
Opens inwards for some access

to outer face 
Limited accessibility 

for intruders

Side hung casement Most popular design
Large ventilation facility
Vulnerable to distortion if

too large

Horizontal pivot Particularly easy to clean from
the inside of the building

Weatherproofing can be
difficult

Vertical pivot Similar to above

Horizontal sliding Fine dimensional tolerances
Bottom tracks vulnerable to fouling 
Weatherproofing can be difficult

Vertical sliding Can be made very tall Good ventilation 
control Modern techniques for opening 
and closing

Moving axis Tilt and turn mechanism Provides easier 
access for cleaning

Louvred Rapid ventilation is possible Limited 
accessibility for intruders Poor 
weatherproofing
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Where the opening casements are accommodated in the members of the main frame, the gap
between the casement and the frame needs to be wide enough to allow the casement to open
and close without binding. In order to prevent rainwater from entering the building across this
gap it is necessary to provide a groove or throating to the members to either side of the gap.
This prevents the capillary attraction of water across the gap between the frame members (see
Fig. 18.6). This throating is not required to the framing for the fixed light as this will be glued
tightly into position and is not designed to be opened, thus a gap does not need to be created.
The upper surfaces to the transom and sill members are sloping and a throating is created on
their underside.

The modified timber casement window

The standard timber casement window was found not to perform particularly well with regard
to weather resistance and draught resistance. In consequence, the design of the timber case-
ment window was modified in BS 644 Wood windows in order to enhance its performance with
regard to these two functional requirements.

Ex 70 × 45 mm head

Ex 45 × 40 mm top hung
ventlight casement frame

Ex 95 × 57 mm transon

Ex 70 × 40 mm bottom rail to
side hung casement

Ex 120 × 57 mm sill

18.6 A standard timber casement window.

Self Assessment Question 3

Why are the upper surfaces of the transom and sill members sloped?
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The main design feature of this window is that the rails and stiles of the opening casements
are rebated over the members of the main frame. This forms a double barrier to the entry of
wind and rain (see Fig. 18.7).

Where the window contains fixed lights the glazing can be fitted directly into the main frame
members and unlike the standard timber casement window does not require a separate case-
ment sub-frame (see Fig. 18.7).

The timber horizontally pivoted window

This window can be reversed by horizontally pivoting the casement about its centre so that the
outside of the window can be cleaned from the inside.

The main problem with this window is that the rebates have to be reversed above and below the
hinge and the weatherproofing associated with this requirement has to be carefully considered.
Generally a rebated bead is fixed to the framing members above the hinge and to the casement
members below the hinge (see Fig. 18.8).

The other problem with this window design is that the hinge must be exposed on the outside
of the window and will need to be made of corrosion-resistant materials.

The timber horizontally sliding window

These windows slide on bottom rollers fixed at sill level. A water bar is required behind the bot-
tom roller to prevent the ingress of water and this may be masked by a cover strip.

Ex 75 × 150 mm sill

Ex 40 × 50 mm casement frame

Ex 60 × 55 mm transom

Ex 40 × 50 mm ventlight frame

Ex 95 × 57 mm head

18.7 A modified timber casement window.

Self Assessment Question 4

Why should the rebates to a horizontally pivoted window have to be reversed above
and below the hinge?
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At the head the sliding window is located in a guide rail that is installed in the lintel and a
weatherstrip is located between the sliding casement and the frame of the fixed light that it
slides over.

The timber vertically sliding window

These are usually based on a double hung sash in a cased frame to BS 644 Wood windows Part 2
Wood double-hung sash windows. Traditionally, the vertical sashes were opened and closed by
means of weights hung on sash cords located within the cased frame. These tended to be bulky
and cumbersome and once the cord carrying the weights had broken the casing to the window
needed to be removed and the whole mechanism renewed.

Modern designs now use spiral sash balances. These fit into a groove in the sash or the frame
and work by means of a variable pitch spirally twisted rod revolving through a slotted bushing
in order to wind and unwind a coiled spring inside the sash tube.

The frame consists of a 125 � 38 mm head member, a 150 � 63 mm sill member and
125 � 38 mm stiles. The sashes comprise 50 � 44 mm rails and stiles. A 19 � 19 mm staff bead is
fixed to the inside of the head member and a 38 � 22 mm draught bead is fixed to the inside
of the sill member. 25 � 16 mm parting beads are fixed to the head and stiles of the main 
frame to keep the two vertical sashes apart. The bottom rail of the top sash and the top rail of
the bottom sash are rebated to form a weather seal when the sashes are in the closed position
(see Fig. 18.9).

Steel casement windows

All steel window sections are manufactured from rolled steel sections that are mitred and
welded at their corners to form frames to BS 6510 Steel framed windows and glazed doors. 
The standard ‘Z’ section is 25 x 33 mm and can form the head, sill and jamb members of the

Ex 75 × 150 mm sill

Ex 45 × 53 mm casement rail

Ex 45 × 53 mm casement rail

Ex 95 × 57 mm head

Ex 20 × 27 mm bead

Ex 20 × 27 mm bead

18.8 A timber horizontally pivoted window.
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main frame and the rails and stiles members of the casement sub-frames. The mullion section is
a 25 x 45 mm elongated ‘Z’ section and the transom is a 25 x 28 mm ‘T’ bar (see Fig. 18.10).

Aluminium windows

These are constructed from extruded HE9 aluminium alloy sections to BS 4873 Aluminium alloy
windows. The sections are mechanically jointed or welded together into standard modular sized
units (see Fig. 18.11).

Ex 50 × 44 mm top rail

Ex 63 × 44 mm bottom rail
Ex 38 × 22 mm draught bead

Ex 150 × 63 mm sill

Ex 50 × 44 mm meeting rails

Parting bead

Ex 19 × 19 mm staff bead
Ex 125 × 38 mm head

18.9 A timber vertically sliding window.

25 × 28 mm rebated transom bar

25 × 33 mm rebated casement frame

25 × 33 mm rebated frame

18.10 A steel casement window.
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As mentioned previously, most aluminium windows now incorporate a thermal break within
the extruded aluminium sections to reduce the incidence of heat conduction through the metal
frame, known as the cold bridge effect.

PVCu windows

These are manufactured from hollow extrusions of PVCu that are fusion welded at their mitred
corners to create frames (see Fig. 18.12).

Small to medium sized windows do not need reinforcing, but larger windows do need to be
reinforced by inserting stiffening metal sections into the hollow frame sections.

Fixing windows

To ensure a good fit between the window frame and the wall it is preferable to build windows
in as the construction progresses. The frames may be secured to the wall by means of galvanised
steel fixing cramps (see Fig. 18.13) or the frames may be screwed to wooden or plastic plugs
that have been inserted into the mortar joints of the wall. The vertical dpc that is built into the
wall reveals is fixed to the anti-capillary groove in the back of the window frame. The face of
the gap between the frame and the wall is then sealed with mastic.

Steel windows may be fixed directly to the wall reveals by means of steel fixing lugs that are
bolted to the back of the frame (see Fig. 18.14). Alternatively they may be screwed into timber
or plastic plugs inserted into the wall.

The steel window may also be fixed to a timber sub-frame, which has been built into the wall
reveals (see Fig. 18.15).

Aluminium and PVCu windows are normally fixed into prepared openings, formed around a
temporary timber template. The windows may either be fixed into plugs inserted into the wall
reveals or aluminium frames may be fitted into a timber sub-frame in a similar manner to that
of steel windows.

130 × 30 mm timber head
piece fixed to the lintel

Steel head plate fixed
to the timber head piece

Hollow extruded sections
may be filled with expanded plastics
to combat the cold bridge effect

Steel sill plate fixed
to the wall

Aluminium alloy sill section

Aluminium alloy transom

Double glazing unit fitted
in a neoprene gasket

Aluminium alloy glazing clip

Aluminium alloy head

18.11 An aluminium window.
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Sill

Transom

Glazing bead

Casement frame

Head reinforced with steel tube

Neoprene gasket

Jamb to window frame

Vertical dpc fixed to
anti-capillary groove
in the back of the jamb

Galvanised mild steel fixing cramp
fixed to back of jamb and built
into the wall at the reveal

Steel fixing lug bolted to
the back of the jamb

Jamb to steel window

Mastic sealant

Vertical dpc tucked in behind jamb

18.14 Fixing steel windows by means of steel fixing lugs.

18.13 Fixing window frames with a frame cramp.

18.12 A PVCu window.
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Glazing

Glass is produced by fusing together silica, lime, magnesia, alumina and iron oxide at approxi-
mately 1500°–1550°C. It is then formed into sheets by a process of drawing, floating or rolling.
The most common types of glass used for building are as follows:

● Flat drawn – The cheapest method of production. A considerable width of molten glass is
drawn up a tower from the furnace between rollers. Once it has cooled it is cut into sheets
of suitable sizes.

● Float – Molten glass is passed over a bed of molten tin. This produces a sheet of more
uniform thickness than that produced by drawing.

● Polished plate – This is produced as a ribbon through horizontal rollers and then passes
through an annealing furnace to strengthen it.

● Obscured – One surface of the glass is patterned as it passes between rollers. The pattern
obscures direct vision through the glass but still provides adequate daylight admission.

● Georgian wired – The addition of wire mesh reinforcement to glass at the rolling stage helps
to hold the glass together should it become shattered. Georgian wired glass has some fire
resistance, but it is not any stronger than normal glass and is not impact resistant.

Apart from these main forms of glass others are also available:

● Toughened – If the glass is super cooled then any stresses set up by the cooling process may
counterbalance any later stresses on the glass that may be set up by impact or rapid changes
in temperature. This super cooled glass is often referred to as armour plate glass. Toughened
glass cannot be cut, as this would destroy the inbuilt stresses within the glass. It must there-
fore be ordered to the correct size.

● Laminated – Two or more layers of glass are bonded together with plastic or inorganic lay-
ers. These layers absorb energy during impact. Fracture of the sheet does not cause the glass
to separate from the interlayer. It is heavier and more expensive than toughened glass but
can be cut to size. It is available as safety glass, anti-bandit glass and bullet-resistant glass.
Laminated glass is efficient as a sound insulator since the interlayer gives reduction of sound
transmission at different frequencies to that of the glass. The glass is normally transparent
but becomes opaque at high temperatures, thus reducing transmission of radiant heat.

Steel jamb screwed to
timber sub-frame

Timber sub-frame fixed to
wall reveal with fixing cramp

18.15 Fixing steel windows to a timber sub-frame.

Self Assessment Question 5

How can the change of laminated glass at high temperatures from transparent to
opaque be of particular use in buildings?
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● Coated – The deposition of various coatings on the surface of glass can help to alter its
performance characteristics. Solar control glasses inhibit radiation and provide low emissivity
performance to reduce heat flow from the interior of the building to the exterior. Tinted
glasses provide glare control. Coloured coatings can create various visual effects.

Glass may be held in position within its rebates by means of glazing beads, putty or neoprene
gaskets. All openings to receive glass should have a minimum rebate of 5 mm and the glass
should be cut 3 mm shorter in length and breadth than the actual size of the opening.

Glazing with putty

This is normally used on timber and steel windows. The rebate to the window frame is puttied.
The glass sheet is pressed into position and fixed with glazier’s sprigs. The glass sheet is then
front puttied. The putty is normally stopped 2 mm from the sight line of the rebate to allow
painting over to seal its edge. The putty hardens by the absorption of its linseed oil into the tim-
ber window frame. In steel windows no such absorption takes place so the putty must incor-
porate a hardening agent.

Glazing with beads

This is generally performed on internal glazing but can also be used on steel windows. The glass
is placed into the window rebate against putty, chamois leather or velvet. The beads are fixed
into the window frame by means of pins or screws with cup washers. Steel windows use steel
beads secured with self-tapping screws.

Glazing with neoprene gaskets

These are mainly used on aluminium and plastic windows. The gasket contains the seal for the
glazing and is accommodated within a rebate within the frame of the window. It provides good
weather resistance and is easy to remove, enabling re-glazing to be carried out swiftly.

Window furniture

There are two main items of window furniture:

● The casement fastener
● The casement stay

The casement fastener

This is a security device to fix the casement into its closed position. It is normally operated by a
hand-operated blade fixed to the edge of the opening casement and locating over a projecting

Self Assessment Question 6

Why should glass be cut 3 mm shorter in length and breadth than the actual size of the
opening?
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wedge on a plate fixed to the mullion (see Fig. 18.16). Many modern casement fasteners are
supplied with locking devices to provide extra security to the window.

The casement stay

This is a fixing device designed to hold the casement in any number of desired opening posi-
tions. It comprises an arm with a series of locating holes and is fixed to the bottom edge of the
opening casement. A locating pin on a plate is fixed to the cill member (see Fig. 18.17). Many
modern windows now incorporate friction stays that do the same job as the casement stay.

Window furniture to timber windows is generally fixed after the windows have been installed.
Steel, aluminium and PVCu windows are normally supplied with the window furniture already
fixed.

Projecting wedge fixed to the mullion
Hinged blade fixed to the
edge of the casement

18.16 A casement fastener.

Locating pin fixed to sill or transom

Arm fixed to bottom rail of casement

18.17 A casement stay.



Introduction

Doors, like windows, may be constructed from timber, steel, aluminium and PVCu. The material
used for the construction of the door will be influenced by the functional requirements that
need to be achieved, cost considerations and the location of the door within the building.
External doors have different functional requirements to internal doors. Most external doors and
the majority of internal doors will be constructed from timber.

Frames are generally supplied independently of the door and may be manufactured of simi-
lar materials to the door. However, PVCu doors are supplied in their associated frames and some
internal timber doors are now being supplied hung in their associated frames as door sets.

This chapter will consider the functional requirements of external and internal doors. It will
then discuss the construction of timber panelled doors, timber flush doors, timber fire doors and
timber matchboarded doors. Consideration will also be given to aluminium and PVCu external
doors and their associated frames. Finally, door frames, door linings and door furniture for tim-
ber doors will be discussed.

Functional requirements

The functional requirements for doors will be dependent on the location of the door in the
building. External doors will have different requirements to internal doors.

External doors need to provide the following:

Weather resistance As part of the external envelope of the building the door and its associated
frame should not allow rain or air infiltration into the building. This can be difficult to achieve
as the door needs to be able to be opened and closed easily and there therefore needs to be a
sufficient gap between the door and the frame to allow for this. This gap can be a potential
point of entry for rainwater and draughts into the building. The design of the door and frame
must therefore provide features that will overcome these potential problems as effectively as
possible. The ability to retain the shape of the door when it is subjected to changes in climatic
conditions is a major concern with timber doors. After all, they may be subjected to quite
varying climatic conditions on the outside and inside faces at the same time. This shape stability
tends to be better achieved on heavier timber doors than it is on their lighter counterparts. The
addition of a metal foil vapour barrier behind the facings of flush doors helps to maintain shape
stability.

19 Doors
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Durability The material that the door and its associated frame are manufactured from will
affect their durability. In general aluminium and PVCu doors will have a longer life span than
timber doors but will also be more expensive to purchase initially. Because doors and frames are
easier to replace than other more permanent parts of the building structure the expected life
span of these components may be as short as 20–25 years before they are replaced. Timber
doors, although inexpensive to purchase initially, do require regular protection to be applied to
them in the form of paint, stain or sealant. This maintenance cost needs to be added to the ini-
tial cost of the door and frame before a true cost comparison can be made between timber
doors and their aluminium and PVCu equivalents. This life cycle costing considers the total cost
of a component over its entire life cycle and includes projected maintenance and replacement
costs as well as the initial purchase and installation cost of the product. In this way a compo-
nent that could have a low initial cost in comparison to an alternative component, may have
higher life cycle costs if it has high maintenance and replacement costs compared to the
alternative material.

Strength and stability Because doors are the main entry and exit points into a house and to
various rooms in the house they need to be strong enough to resist onslaught by intruders.
Hardwood door frames are stronger than softwood frames since they have better resistance to
splitting. The type of locks, bolts and latches that are fixed to the door also influences the
security of doors. Strength of doors is measured by four criteria: resistance to torsion, resistance
to closing against an obstruction, resistance to impact with a heavy body and resistance to
impact with a hard body. The strength of panelled doors is related to the sizes of the members
used in their construction and the method of jointing these members. In flush doors, strength
is closely related to the construction of the core of the door.

Thermal insulation As doors form a part of the external fabric of the building they will affect
the amount of heat that may be lost from the building. Doors do not have the same level of
thermal performance as the walls into which they are fitted. Doors that fit badly within their
associated frames may suffer greater amounts of heat loss than those that fit well.
Weatherstripping to door frames reduces draughts caused by air infiltration through the gaps
between the door and its frame and also reduces heat loss through these gaps.

Sound insulation As with thermal insulation, doors will have poorer acoustic performance
than the wall into which they are installed. In general heavier doors will provide better insulation
against the transmission of airborne sound than will lighter doors.

Self Assessment Question 1

Why should shape stability be better achieved on heavier timber doors than it is on
lighter doors?

Self Assessment Question 2

Which is likely to be of better value: an anodised aluminium door in hardwood frame
costing £600 to supply, £70 to fit and £3 per year to clean over a lifespan of 30 years
or a hardwood panel door and frame costing £250 to supply, £40 to fit and £35 to
decorate and re-decorate once every 4 years with a lifespan of 20 years?
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Internal doors only really require to provide the following:

Fire resistance In certain areas of the house doors and the internal walls into which they are
installed will act as a vertical division of space within the building, which can be used to reduce
the spread of fire from one area of the building to another. This concept is known as compart-
mentation and is covered by the Building Regulations Approved Document B, section 8. Doors
that are installed in compartment walls and that open onto corridors that are designated as
routes for the means of escape from the building in the event of a fire, will need to be fire doors.
These are doors that have materials incorporated into their construction that enable them to
maintain their functional performance for a minimum set period during a fire. This period should
enable people who are within a building when it catches fire to be able to exit from the build-
ing via designated escape routes to a place of safety. Fire doors are considered in more detail
later in this chapter.

Sound insulation As internal doors provide a means of access and egress between rooms in
a building they also need to be capable of preventing the transmission of sound from one room
to another. Sound insulation of internal doors may also be required to maintain privacy.

Because internal doors need to satisfy less functional requirements than external doors they
can often be made of a much lighter construction and at less cost.

Timber doors

Timber doors may be classified into four types by their method of construction:

● Panelled doors
● Flush doors
● Fire doors
● Matchboarded doors

Panelled doors

These may be of single or multiple panel construction, comprising a timber framework encas-
ing panels of timber, plywood or glass to BS 4787 Internal and external wood doorsets, door
leaves and frames (see Fig. 19.1). This type of door is mostly used externally, therefore if
plywood panels are to be used the plywood should be of external grade to provide adequate
weather resistance.

The joints used in the panel framing may be doweled or mortice and tenoned (see Fig. 19.2).
The dowel joint is more popular, due to its cheapness and ease of construction, which is
particularly suited to factory production lines. However the mortice and tenon joint tends to
be stronger. Where doweling is used there should be three dowels to the 195 � 45 mm bottom
and lock rails, two dowels to the 95 � 45 mm top rail and one on any 95 � 45 mm inter-
mediate rails. Where mortice and tenon joints are used the middle and bottom rails should have
double tenons.

Self Assessment Question 3

What are the problems in selecting lightweight construction for internal doors?



The panels are framed into grooves within the framing stiles and rails and are covered by
mouldings that are scribed at their corners.

Water that runs down the face of the door is thrown clear at the bottom by a 40 � 65 mm
weatherboard, which is attached to the face of the door, preferably by a tongue and grooved joint.

202 Doors

19.1 A panelled door.

Bevelled and raised
solid panel

35 × 95 mm stile

35 × 95 mm muntin

35 × 195 mm bottom rail

35 × 95 mm lock rail

35 × 95 mm intermediate rail

35 × 95 mm top rail

Wedges

Mortice and tenon joints Alternative dowel joints

Two dowels to top rail

Three dowels to lock rail

Three dowels to bottom rail

19.2 Joints to a panelled door.
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The weatherboard has a sloping face and is grooved on its underside to prevent the underflow
of water.

Where glazing is used, any glazing beads should be positioned on the inside of the door.

Flush doors

Traditionally flush doors have plain faces that are easy to clean and decorate, being free of the
mouldings that collect dirt. Flush doors may be faced with hardboard or plywood and may be
manufactured for internal or external use. For external use the facing to the doors must be of
external grade plywood and painted. For internal use the doors may be painted or supplied with
a decorative veneer.

BS 4787 Internal and external wood doorsets, door leaves and frames does not specify a
method of construction for flush doors; thus manufacturers have freedom of designs for differ-
ent price ranges. The method of construction for flush doors tends to be of three distinct types,
related to cost:

● Cellular core
● Semi-solid core
● Solid core

Cellular core

This comprises an outer frame of 125 � 25 mm timber enclosing a core of hardboard or
expanded cellular paperboard construction, to which are attached hardboard facings (see 
Fig. 19.3). The resulting door is light and inexpensive, but it can be difficult to achieve a flat sur-
face to the facings due to the limited support offered by the core.

Semi-solid core

This comprises an outer frame of 125 � 25 mm timber within which small 25 � 25 mm 
timber intermediate rails are spaced to provide a minimum of 50 per cent timber in its
construction, over which are then fixed the facings of hardboard or plywood (see Fig. 19.4).
This door is still relatively light and inexpensive but the intermediate rails do provide more
support for the facings so that a flat surface can be achieved more easily than with the cellular
core door.

Solid core

This door comprises a solid core of either block board or laminboard onto which are attached
the plywood facings (see Fig. 19.5).

This door is of much heavier construction and consequently more expensive than the skeleton
core and semi-solid door types and has good sound insulation properties.

Self Assessment Question 4

Why should glazing beads be positioned on the inside of external doors?



Moulded panel doors

These doors are of similar construction to flush doors but the facings are of hardboard that has
been moulded under pressure to produce a decorative appearance similar to that of a panelled
door (see Fig. 19.6). However, although the door is similar in appearance to a panelled door it
does not have the same construction as a panelled door.
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Lightweight celluar core

Edge lipping

Plywood or hardboard facing

29 × 125 mm bottom rail

29 × 85 mm stile

Lock block

29 × 20 mm intermediate rail

29 × 85 mm top rail

19.3 A cellular core door.

Lipping

29 × 85 mm stile

29 × 125 mm bottom rail

3 mm plywood facing

Lock block

29 × 29 mm intermediate rails

29 × 85 mm top rail

19.4 A semi-solid core door.

Self Assessment Question 5

Why do moulded panel doors use hardboard as a facing and not plywood?
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All flush doors and moulded panel doors may incorporate glazed panels, secured by fixing beads.
The facings to these doors tend to be vulnerable at their edges, so a thin strip of timber is

fixed at the edges to provide a lipping. This also provides a tolerance for planing the doors to fit
the frame or door lining when the doors are hung into position.

Fire doors

The main requirement for a fire door in a house is where access is provided between the house
and an attached garage. The Building Regulations Approved Document B, section 8.12 requires
that such a door should have 30 minutes fire resistance.

BS 5588 Fire precautions in the design and construction of buildings Part 1 : 1990 Code of
practice for residential buildings specifies codes for the various categories of fire doors. This

Lipping

3 mm plywood facing

Laminated timber solid core

19.5 A solid core door.

19.6 A moulded panel door.

Lightweight infill

Lipping

Moulded hardboard facing

29 × 125 mm bottom rail

Lock rail

29 × 20 mm intermediate rail

29 × 85 mm top rail
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code uses the prefix FD for all fire doors, followed by the suffix 20, 30, 60 or 120 to denote
the period of fire resistance provided. These periods of fire resistance relate to BS 476 Fire tests
on building materials and elements Part 22: Methods for determination of the fire resistance
of non-loadbearing elements of construction. This publication rates the fire resistance of doors
by their performance in the integrity test. Integrity is related to the ability of the door to resist
the passage of flame for the designated period of fire resistance for the category of the door.
Because the performance of the fire door needs to take into account not only the door leaf
but also the associated door frame and door furniture, the integrity test is performed on the
complete assembly of door, frame and furniture.

It is still not common practice however for the door manufacturer to supply fire doors com-
plete with their frame and furniture. It is therefore possible for the performance of a fire door
to be affected by the choice of frame and furniture by the builder and their installation on site.

In addition, BS 5588 also provides for a further category of fire doors where restricted smoke
leakage at ambient temperatures is required. These doors are identified by the further suffix S
following the period of fire resistance designated for the door. Tests for smoke penetration for
these doors is covered by BS 476 Fire tests on building materials and elements: Part 31 Methods
for measuring smoke penetration through doorsets and shutter assemblies and these tests take
account of temperatures at three different stages of a fire. The Building Regulations consider the
performance evaluated under BS 476 Fire tests on building materials and elements: Part 31
Methods for measuring smoke penetration through doorsets and shutter assemblies Section 31.1
Measurement under ambient temperature conditions.

The most important criterion for designating the period of fire resistance related to the pas-
sage of flame or smoke through the fire door assembly is the size of the gap between the door
leaf and its associated frame. This gap needs to be wide enough to enable the door to be
opened or closed easily during normal use, but not too wide as to allow the passage of flame
or smoke in a fire. This problem has been alleviated considerably by the use of intumescent strips
within the edge of the door leaf. This consists of a chemical that will expand on being heated
to a high temperature, such as that sustained in a fire. When the strip expands it effectively seals
the gap between the door leaf and the frame thus reducing the ability for flames, smoke and
gasses to penetrate through the gap.

The Building Regulations Approved Document B, section 8.12 stipulates that a fire door
between the house and an attached garage should be of FD 30 designation. As with flush
doors, there is no British Standard Specification for the construction of fire doors, thus door

Self Assessment Question 6

Why should the fire tests laid down in Parts 22 and 31 of BS 476 require door leaves to
be tested with their frames and furniture?

Self Assessment Question 7

Why should the performance of a fire door assembly be materially affected by the
choice of frame and furniture by the builder and their installation on site?



Doors 207

manufacturers are free to design the door leaf as they wish, provided it meets the requirements
of the fire tests laid down in Parts 22 and 31 of BS 476. In order to improve the fire resistance
of a flush door or moulded panel door construction, fire resisting materials such as plasterboard
or insulating board are often placed over the core construction and covered by the facings (see
Fig. 19.7). The doors are a minimum of 44 mm in thickness.

Frames to fire doors must also be designed to meet the requirements of the fire tests laid
down in BS 476. These will be considered later in this chapter.

Matchboarded doors

These doors are constructed to the requirements of BS 459 Specification for matchboarded
wooden door leaves for external use and are available in three specific types:

● Ledged
● Ledged and braced
● Framed, ledged and braced

Ledged

The face of this door is constructed from 16 mm thick tongued and grooved boarding, called
battens, with edge chamfers to form a ‘V’ joint feature between consecutive boards. The battens
are clamped together to form a panel and are attached by nailing to 95 � 22 mm horizontal
timbers, called ledges, positioned in the middle of the door panel and also 152 mm from its top
and bottom edges.

This door is inexpensive to construct but there is a tendency, over time, for the door to drop
out of square.

Lipping

9.5 mm plasterboard core

3 mm plywood facing

39 × 85 mm top rail

39 × 85 mm intermediate rail

39 × 165 mm middle rail

20 × 20 mm framing for plasterboard inner core

19.7 A typical FD 30 fire door.

Self Assessment Question 8

Why should ledged, matchboarded doors drop out of square over a period of time?
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Ledged and braced

To resist the tendency for the door panel to drop out of square, 95 � 22 mm diagonal braces
are fitted between the ledges. The braces are fixed to the ledges by means of mortice and tenon
joints (see Fig. 19.8).

To further resist the tendency for the door to drop out of square, three hinges, rather than
two are fixed to the ledges on the hanging side of the door. Tee hinges (see Fig. 19.9) are often
used on this type of door.

Framed, ledged and braced

Added strength and rigidity can be provided to the door by enclosing the panel in a mortice and
tenoned frame comprising 95 � 44 mm top rail and stiles, 146 � 27 mm middle and bottom
rails and 95 � 27 mm braces. The joints to the framing members are mortice and tenoned or
dowelled. The matchboarded battens are rebated into the top rail and stiles.

Matchboarded doors are now very rarely used for internal or external doors on houses but are
still specified for out buildings and garages. The framed ledged and braced door is particularly
suitable for use as garage doors as their frame construction makes them stronger than the other
types of matchboarded doors for particularly wide openings.

16 × 120 mm batten
with V joint feature

22 × 95 mm ledge

22 × 95 mm brace

19.8 A ledged and braced matchboarded door.

19.9 A tee hinge.
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Aluminium doors

These are constructed from extruded aluminium alloy sections in a similar manner to aluminium
windows. There is no separate British Standard Specification for aluminium doors but BS 4873
Aluminium alloy windows can be considered to relate to door construction too. The doors
normally comprise top, middle and bottom rails and stiles of extruded aluminium alloy sections
enclosing glazed panels. The finishes to the doors are similar to those available for aluminium
windows. The doors are normally fitted into hardwood frames supplied separately.

PVCu doors

Similar to aluminium doors, PVCu doors are constructed from rigid PVCu hollow extrusions in a
similar manner to PVCu windows. Large doors may require these extrusions to be stiffened with
steel sections inserted into the hollow cores. The doors comprise top, intermediate, middle and
bottom rails and stiles of extruded PVCu sections enclosing PVCu panels and glazing according
to design. They are generally supplied in white but other colours are available, including timber
effect. The doors are fitted into PVCu frames supplied with the doors.

Door frames

A frame is generally used for external doors, heavy doors and fire doors. It consists of four members,
an 85 � 57 mm head, a pair of 85 � 57 mm vertical jambs and a 120 � 45 mm threshold or
sill, joined together by doweled mortice and tenon joints or combed joints (see Fig. 19.10).

All fire doors must be fixed into timber frames with a minimum 25 mm rebate and a
maximum gap of 3 mm between the door and the frame. Frames for FD 30 fire doors may
accommodate a planted stop, which must be a minimum of 25 mm in thickness, but the rebate
to the frame of FD 60 fire doors must be formed out of the solid timber.

To prevent the ingress of water beneath external doors, a galvanised mild steel water bar can
be placed within the threshold of the frame and a rebate is cut in the bottom rail of the door
to ensure a tight fit against the water bar. The top surface of the threshold to the exterior of the
water bar is sloped to allow water to be conducted away from the opening. The underside of
the threshold is throated to prevent water from running underneath it (see Fig. 19.10).

Galvanised mild steel water bar

Ex 121 × 45 mm threshold

Ex 40 × 65 mm weatherboard

Door panel

Ex 85 × 57 mm head

19.10 A door frame.
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Recent legislation concerning access into buildings for disabled people has caused a re-think
on the threshold detail for buildings where access for wheelchair users is required. This entails
separating the threshold from the rest of the timber frame and installing a stainless steel thresh-
old section to the external wall below the door opening. A complementary water bar with
draught proofing seals can be fixed to the bottom of the door to prevent the ingress or rain-
water and draughts.

The frames may be built in to the wall reveals, as the wall is being constructed, by means of
galvanised mild steel fixing cramps, similar to that used for fixing timber windows. Alternatively
the frame may be secured by screwing into plugs inserted in the reveals.

Door linings

A door lining is normally used for internal doors. It consists of 25–32 mm thick timber boarding
with joints housed together and a 35 � 12 mm planted stop fixed to house the door in the
closed position (see Fig. 19.11).

Door linings are never built in, but are fixed into a prepared opening by fixing them directly to
the reveals. Timber packing pieces are used to straighten and plumb up the jambs prior to the
fixing of the door. The gap between the door lining and the reveals is covered by an architrave.

Door sets

Traditionally door leaves were supplied independently of their associated frames or linings,
which were manufactured separately. When doors were fitted into their frames or linings there
was generally a need to plane the edges of the door in order to ensure that they fitted properly.
In recent years door manufacturers have been supplying doors fitted within their associated
frames. These doorsets have the door fixed to the frame using rising butt hinges (see Fig. 19.12),
so that the door can be taken out of the frame prior to the frame being fitted into the wall and
then lifted back into position when the finishes to the wall have been completed. Because the
door is delivered to site fitted in its frame there is no need for subsequent planing of the door
to fit it into the frame when the door is finally installed.

35 × 12 mm planted stop

125 × 32 mm jamb

Folding wedges to wall reveal

Housed joint

125 × 32 mm head

19.11 A door lining.



Doors 211

Door furniture

There are a wide variety of items that can be fixed to the door for operational, security or durability
purposes. The main items of door furniture used in domestic properties are the following:

● Hinges
● Latches
● Locks
● Bolts
● Letter plates
● Finger and kicker plates
● Self-closing devices

Hinges

These are normally supplied in pairs, although heavier doors may need three hinges. The main
types of hinge are:

● Butt hinge – This is the simplest type of door hinge, comprising two flaps held together by a
pin (see Fig. 19.13).

● Rising butt hinge – This is similar to the butt hinge but the flaps are spiral in shape where
they are attached to the pin (see Fig. 19.12). This enables the door to lift when opened and
to self-close.

● Tee hinge – This hinge has an elongated flap that allows the weight of the door to be
distributed over a wider area of the hinge (see Fig. 19.9).

Knuckle

Flap fixed to door stile

Flap fixed to jamb of door lining

Pin

19.12 A rising butt hinge.

Flap fixed to jamp of frame

Knuckle

Flap fixed to door stile

19.13 A butt hinge.



Latches

These are mechanisms to secure the door in the closed position. They are generally operated by
a lever handle operating a central spindle that pulls the latch bolt back within its case by the aid
of a spring. When the latch bolt is allowed to extend back into the closed position it is located
into a mortice cut into the jamb of the door frame or lining. The mortice is covered by a keep
with a striking plate that guides the latch bolt into the mortice (see Fig. 19.14).

On cellular core and semi-solid core flush and moulded panel doors a block of timber, called
a lock block, is provided within the door construction to enable the latch mechanism and han-
dles to be attached to the door.

Locks

These are similar to latches but are generally operated by a key rather than by a handle. Most
external doors will have a combined latch and lock mechanism (see Fig. 19.14). Five lever locks
are more secure than three lever locks.

Cylindrical night locks are fitted to the stile of the door. Their keep is attached to the jamb of
the frame. These locks have a safety mechanism that can be activated from the inside to pre-
vent the lock from being opened from the outside.

Bolts

These are security devices consisting of a barrel sliding within a plate fixed to the inside of the
door and a keep, into which the barrel is slid, attached to the jamb of the frame.

Letter plates

These are hinged covers fixed over an opening of recommended size 200 � 45 mm, bolted
through the door and secured by nuts on the inside face of the door.

212 Doors

Spindle for door handle

Case sunk into mortice
in the lock rail of the door

Keyhole

Lock bolt

Striking plate fixed
to the door jamb

Latch bolt

19.14 A door latch and lock.

Self Assessment Question 9

Why are lock blocks not used on solid flush and moulded panel doors?



Finger and kicker plates

These protect the face of the door from damage at vulnerable points and are screwed to the
face of the door at the desired position. Again with flush and moulded panel doors, extra block-
ing can be incorporated into the door construction to enable these plates to be fixed to the door.

Self-closing devices

Fire doors must be kept in the closed position when not in use. It is therefore necessary to fit a
self-closing device to the door to ensure that the door is not able to be left in the open position
when not being used. Modern self-closing devices are quite unobtrusive and consist of a spring
loaded chain mechanism that can be fitted through the stile into the core construction of the
fire door and attached to the jamb of the frame.

Doors 213



20 Stairs

Introduction

The primary function of stairs is to provide a means of access from one floor level to another,
but they must also provide a means of escape in case of fire. Stairs in houses are normally con-
structed from timber and a number of designs are used, dependent on the layout of the house
and the space available for the staircase.

This chapter will first consider the functional requirements of a staircase and then consider the
factors affecting staircase design. Finally the construction of a straight flight staircase will be dis-
cussed.

The functional requirements of stairs

Stairs should satisfy the following functional requirements:

● Strength and stability
● Fire resistance
● Sound insulation

Strength and stability

Stairs, like floors, must carry the weight of the people using them, plus the weight of any fur-
niture and equipment that may be transported over them. However, no live loads are imposed,
as furniture and equipment will not be located on the stairs as they will be on floors. As with
floors the loads on stairs can be related to the use classification of the building.

Fire resistance

The construction of the stairs must allow them to maintain their functional use during the early
stages of a fire, to enable occupants of the building to escape to a place of safety and, if possi-
ble, to provide fire-fighting services with access to the upper storeys of the building.

The fire resistance of the stairs will be dependent upon the use classification of the building.
In domestic construction timber staircases will provide half hour fire resistance, which will be
adequate.
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Sound insulation

Sound insulation will be necessary on the stairs in order to reduce sound transmission from one
storey to another. The main form of sound transmission on stairs is structure borne or impact sound.

The most effective form of insulation against this is to provide sound absorbent finishes to the
treads of the stairs. Unfortunately the open space that staircases occupy between storeys in a
building (called the stairwell) carries airborne sound particularly well. There is very little that can
be done to reduce this problem apart from placing sound absorbent finishes on the surround-
ing walls.

Staircase design

The design of a staircase is dictated by the space into which it is to be fitted. The total height of
a stairway is dictated by the height between the floors it is connecting, and so the total
horizontal distance that the stairway occupies (often referred to as the total going) is practically
the only dimension that can be set by the designer. However, the space available to construct the
staircase may prevent the stairway from being designed in a single flight of steps. Thus the designer
may need to turn the stairway through 90º by the provision of a quarter space landing or 180º
by the provision of a half space landing or 270º or even 360º by the combination of quarter
space or half space landings. Indeed, it is also possible for the designer to use tapered treads
to turn the stairway through an angle and still maintain a progression of steps (see Fig. 20.1).
The designer is further constrained by the requirements of the Building Regulations Approved
Document K1.

The building regulations requirements

These are based on ergonomic and anthropometric data to ensure that the staircase is designed
in such a way that it is easy and safe to use. Ergonomics is essentially the study of the relationship

Tapered treads

Half space landing

A dog leg stair

Up

Up
Quarter space landing

Open well

An open well stair

20.1 Landings and tapered treads.
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between workers and their environment, especially the equipment they use. Anthropometrics is
the comparative study of the sizes and proportions of the human body.

All buildings are classified by the Building Regulations into purpose groups according to the
use of the building. Residential buildings are classified within the Regulations as requiring ‘private’
stairs. Only the requirements for private stairs will be considered in this chapter.

A step generally consists of two components, the vertical component or riser and the hori-
zontal component or tread. Some staircases do not contain risers; these are known as open riser
stairs (see Fig. 20.2).

Irrespective of whether the staircase contains risers or not, the vertical distance between two
consecutive treads is referred to as the rise. This should be a maximum of 220 mm (Building
Regulations Approved Document K1, section 1 table 1). In open riser stairs where the staircase
is likely to be used by children under 5 years old the gap between two consecutive treads should
not be greater than 100 mm (Building Regulations Approved Document K1, section 1.9). This is
so that a small child cannot crawl through the gap between the treads and fall from the back
of the stairs. To enable the rise to be greater than 100 mm on these stairs it would be necessary
to add a timber upstand to the top of the lower tread or the underside of the upper tread to
reduce the open space between them to 100 mm.

On most stairs there is an overlap between consecutive treads. This overlap is called the nosing
(see Fig. 20.3). On open riser stairs the length of this nosing must be at least 16 mm (Building
Regulations Approved Document K1, section 1.9). Where nosings are used, the useable part of
the tread will become the distance between the nosings on consecutive treads. This distance is
called the going (see Fig. 20.3). This should be a minimum of 220 mm (Building Regulations
Approved Document K1, section 1 table 1).

Outer string

Wall string

Newel post

Upper floor landing

20.2 An open riser stair.
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The relationship between the rise and the going is further defined by the Building Regulations
Approved Document K1, section 1.5 as follows:

2R � G must be between 550 and 700 mm where R is the rise and G the going of the step.
Furthermore, all goings should be of the same depth and all rises of the same height through-

out the step.

On stairways where tapered treads are used (see Fig. 20.1) the going should be measured in
the middle of the tread where the width of the flight is less than 1 m and 270 mm in from each
side where the width of the flight is greater than 1 m (Building Regulations Approved Document
K1, section 1.18). Furthermore, where a stair consists of straight and tapered treads, the going
of the tapered treads should not be less than the going of the straight flight (Building
Regulations Approved Document K1, section 1.20).

The angle of inclination of the stairs is known as the pitch (see Fig. 20.3). This can be meas-
ured as the angle between the floor at the foot of the stairs and a notional line connecting the
nosings of all the treads (known as the pitch line). This should be a maximum of 42� (Building
Regulations Approved Document K1, section 1.4).

Self Assessment Question 2

A stairway has been designed with a rise of 220 mm and a going of 220 mm. Does it
comply with the requirements of the Building Regulations Approved Document K1?

Self Assessment Question 1

Why should all goings be of the same depth and all rises be of the same height
throughout the stairway?

Handrail positioned 900–1000 mm
above the pitch line

Minimum head room 2 m

Newel post

String

Maximum pitch 42°

Pitch line

Minimum going 220 mm

Maximum rise 220 mm

Maximum space between balusters 100 mm

Minimum width of landing
equal to the width of the flight

20.3 Dimensions of a stairway.
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This provides an envelope of acceptable dimensions for the rise and going that will satisfy the
requirements of the Building Regulations Approved Document K1, sections 1.4 and 1.5.

The headroom is the vertical distance between the pitch line of the stairway and the under-
side of the floor, landing or stairway above (see Fig. 20.3). This needs to be a minimum of 2 m
(Building Regulations Approved Document K1, section 1.10).

The flight is a series of continuous steps that are not interrupted by a landing (see Fig. 20.3).
There is no minimum width of flight required by the Building Regulations but they should be
wide enough to allow a satisfactory means of escape in case of fire and may also need to meet
the requirements of Building Regulations Approved Document M where access for disabled
people is required. There should not be more than 36 risers in consecutive flights without a
change in direction between flights of at least 30� (Building Regulations Approved Document
K1, section 1.14).

The landing is the horizontal platform between flights (see Fig. 20.1). The width and length
of each landing should be at least as great as the smallest width of the flight it is connecting
(Building Regulations Approved Document K1, section 1.15). The landing may include part of
the upper floor. Landings should be clear of any permanent obstruction (such as furniture). A
door may be situated adjacent to a landing at the bottom of a flight of stairs, but only if it leaves
a clear space of 400 mm across the length of the landing when opened (Building Regulations
Approved Document K1, section 1.16).

The handrail is a protecting and safety member that is positioned at a convenient height usu-
ally on the outside edge of the staircase (see Fig. 20.3). It assists people in climbing and
descending the stairs but also prevents people from falling over the edge of the stairs. It should
be at a height of between 900 and 1000 mm above the pitch line and should be located on
at least one side of the stair where the width of the stair is less than 1 m and on both sides
where the width of the stair exceeds 1 m (Building Regulations Approved Document K1,
section 1.27).

Self Assessment Question 5

Why should handrails need to be located on both sides of the stairs when the width of
the stairs exceeds 1 m?

Self Assessment Question 4

Why should the number of steps in consecutive flights without a change in direction
between flights of at least 30� be restricted to 36?

Self Assessment Question 3

Why should the headroom be a minimum height of 2 m?
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Between the handrail and the steps there should be guarding on the outside of the stairs. This
is normally provided by balusters, which can be fixed vertically between the handrail and the
outer string. They are housed into the underside of the handrail at their head and the upper
surface of the string at their foot (see Fig. 20.4). The guarding should be able to resist a
horizontal force of 0.36 kN per metre length (Building Regulations Approved Document K1,
section 1.30) and the space between the balusters should not be greater than 100 mm to
prevent a child from becoming trapped between the balusters (Building Regulations Approved
Document K1, section 1.29). Guarding will also be required along the open side of any landing
and the height of this guarding should be a minimum of 900 mm (Building Regulations
Approved Document K1, section 3.2).

Construction of straight flight timber stairs

The 38 mm thick treads and 20 mm thick risers of the stair span between supports on either
side of the stair, called strings and are housed into the 38 mm thick string member (see
Fig. 20.5). The inner string is normally fixed to a loadbearing wall, whilst the outer string spans
between two upright 100 � 100 mm newel posts at the head and foot of the stairs (see
Fig. 20.3).

The bottom newel post is normally fixed to the ground floor, whilst the top newel post is
fixed to the stairwell trimming joist, which is part of the upper floor construction (see Fig. 20.4).
The outer string is tenoned to fit into prepared mortices in these newel posts (see Fig. 20.4). The
newel posts also support the outer handrail, which is also secured to them by a mortice and
tenon joint.

Self Assessment Question 6

Why should the guarding be able to resist a horizontal force of 0.36 kN per metre
length?

Housing for treads, risers and
their wedges cut into the string

Tenons in string connected to
mortices in newel post and dowelled

Newel post notched
over trimming joist

Tenon in handrail connected to
mortice in newel post and dowelledBalusters housed into mortices

in the underside of the handrail
and the top of the string

20.4 Joining of the string to the upper newel post.
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The joint between the treads and risers is normally effected by providing a grooved joint in
the bottom surface of the upper tread and top surface of the lower tread, in which a tongue on
each end of the riser will fit. Small triangular blocks are also glued to the underside of the treads
and risers to further strengthen this intersection (see Fig. 20.5). The joint between the treads,
the risers and the strings is strengthened by wedging and gluing them into position in their pre-
pared housings (see Fig. 20.5).

Rough brackets on the centre line of the stairs are glued to the underside of the treads and
fixed to side bearers to provide further support to the staircase (see Fig. 20.6).

Triangular glue block

Glued wedges 12 mm thick riser

Nosing

25 mm thick tread

String

20.5 Joining of the treads and risers to the string.

75 × 100 mm bearer

150 × 25 mm rough brackets
fixed beneath the treads and
to alternate sides of the bearer

Plasterboard to soffit fixed
to underside of bearers

20.6 Rough brackets and bearers.
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At the landing the top riser is packed to the trimming joist. A small section of tread is located
on top of the trimming joist and this picks up the tongue of the last riser on its underside and
the tongue of the first floor board of the upper landing at its back (see Fig. 20.4). The wall string
is taken over the trimming joist before being terminated at its junction with the skirting board
on the upper landing. To completely enclose the stairs, a soffit of plasterboard is fixed to the
bearers on the underside of the stairs.

Self Assessment Question 7

Why should the rough brackets and bearers need to provide further support to the
staircase?
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Introduction

Plasters and plasterboards are normally used to provide finishes to internal walls and ceilings. As
such they provide additional attributes to the wall or ceiling, such as the following:

● the provision of a suitable surface for decoration;
● masking unevenness in the background;
● improving the sound insulation of the element;
● improving the thermal insulation of the element;
● improving the fire resistance of the element;
● reducing condensation by improving the ability of the surface to absorb moisture.

There are many types of plasters and plasterboards and these have been developed to pro-
vide special characteristics that enable them to be used in specific circumstances. This chapter
will consider the composition and types of plasters, the use of expanded metal lathing for plas-
tering, the application of plasters and finally the composition, types and uses of plasterboard.

The composition and types of plasters

Modern plasters are manufactured from Gypsum, a naturally occurring mineral that consists of
a crystalline combination of Calcium sulphate and water (Ca So4

. H2O). The Gypsum is crushed
and then heated to remove as much of the water of crystallisation as possible. The amount of
water removed by this process defines the class of plaster, as laid down in BS 1191 Gypsum
building plasters. If powdered gypsum is heated to approximately 170ºC, it loses three-quarters
of its water of crystallisation and becomes Hemi Hydrate Gypsum Plaster (Class A Plaster), better
known as Plaster of Paris. It has a very rapid setting time, which means it is difficult to trowel to
a high finish, but it is suitable for repair work or for manufacturing plaster mouldings.

Self Assessment Question 1

What would the chemical formula be for Hemi Hydrate Gypsum Plaster?
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To prolong the setting time of the plaster and thus allow a longer period for trowelling
smooth, an animal protein, such as Keratin may be added to Class A plasters to make them into
Retarded Hemi Hydrate Gypsum Plaster (Class B Plaster), known as Thistle Plaster. These plasters
normally come pre-mixed with the aggregate and are produced in two types:

● Type A – Undercoat plasters, either Browning quality or metal lathing quality.
● Type B – Final coat plasters either finish-plaster multi-finish plaster or board finish plaster.

However, when the set does take place with Class B plasters it does so very quickly and so a
very high-quality finish may not always be obtainable.

If the powdered Gypsum is heated to 260ºC it loses nearly all its combined water and
becomes Anhydrous Gypsum Plaster (Class C Plaster), known as Sirapite Plaster. Approximately
1 per cent Alum or Zinc is added to accelerate the set. It benefits from a slower setting time than
Class B plasters and is therefore useful as a finish coat, which is the only quality available.

A harder plaster may be produced by heating the powdered Gypsum to a temperature of
370ºC. This produces a Superheated Anhydrous Gypsum Plaster (Class D Plaster), known as
Keenes Plaster. Again this is a finishing plaster only, but because of its extremely hard surface
finish it can be specified for areas where there is a likelihood of the surface receiving knocks or
abrasions.

Lightweight plasters, such as Carlite, are basically Class B plasters incorporating lightweight
aggregates such as expanded Perlite or exfoliated Vermiculite. These plasters are covered in
BS1191: Part 2 Pre-mixed lightweight plasters. They have a density of approximately one-third
that of plasters that are mixed with sand aggregates and have better thermal insulation, sound
insulation, fire resistance and condensation absorption characteristics than ordinary plasters.
They also have superior adhesion properties to all backgrounds, but tend to be slower in drying
than ordinary plasters with sand aggregates.

British Gypsum, who manufacture most of the Gypsum plasters used in the United Kingdom,
produce a range of specialist plasters to suit most applications. These are as follows:

Carlite Tough Coat – An undercoat plaster with good impact resistance.
Carlite Bonding Coat – An undercoat plaster for use on low suction backgrounds.
Thistle Hardwall – An undercoat plaster with superior impact resistance.
Thistle Dri-Coat – A cement-based plaster for use on walls following the installation of a new

damp proof course.
Thistle Renovating – An undercoat plaster for general re-plastering applications.

Self Assessment Question 2

What constituent in Gypsum plasters appears to affect their setting time?

Self Assessment Question 3

Why do lightweight plasters take longer to dry than ordinary plasters that are mixed
with sand aggregates?
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Thistle Board Finish – A finish plaster for use on plasterboard backgrounds.
Thistle Universal One Coat – A one-coat plaster that can be applied up to 50 mm in thickness.
Thistle Projection – A one coat plaster suitable for application by a plaster projection machine.
Thistle X-Ray – An undercoat plaster for use on surfaces where protection from X-rays is

required.

Expanded metal lathing

In order to gain a good key for plastering on smooth surfaces, such as concrete, it is sometimes
necessary to fix a mechanical bonding aid. Expanded metal lathing (EML) consists of 24 gauge
galvanised sheet steel, cut and expanded to form a diamond mesh and is obtainable in sheets
450–600 mm wide and 2.5–3.5 m long. It is manufactured to the requirements laid down in 
BS 1369 Part 1 Specification for expanded metal and ribbed lathing (steel) for plastering.

The sheets are fixed to the background by galvanised nails or by shot firing. EML is also use-
ful for bridging across changes in background material, particularly where materials of differing
thermal coefficients are used. External angle beads are also manufactured from EML and are
used at arrises to provide reinforcement at points liable to frequent impact damage.

Application of plasters

The number and thickness of coats depends on the type of background the plaster is being
applied to and its level of ‘trueness’. The application of plaster is covered by BS 5492 Code of
practice for internal plastering. Most solid backgrounds can be covered with two coats with an
overall thickness of 13 mm, but where the surface of the background is irregular three coats
may be required, having an overall thickness of 19 mm.

For plasterboard and fibreboard a single coat of 2 mm can be applied or, where a higher
standard of finish is required two coats having an overall thickness of 5 mm may be specified.
On metal lathing two coats are usually applied, with a thickness of 13 mm. The finished plaster
surface should not show a deviation from true greater than 3 mm on a 2 m straight edge.

The quality of the plastering to a surface depends to a large extent on its application. The back-
ground must be examined to ensure that it has sufficient strength to support the plaster. The
porosity and suction characteristics of the background will affect the adhesion of the plaster and
its final strength. The absorption characteristics may need to be evened out, whilst artificial keys
such as Polyvinyl acetate emulsion (PVAC) to BS 5270 Bonding agents for use with gypsum
plasters and cement Part 1  may develop better adhesion.

In addition, the background should not contain high quantities of soluble salts that may cause
efflorescence or even dampness on the finished plaster surface.

Self Assessment Question 4

Give an example of a background having high porosity and suction characteristics.

Self Assessment Question 5

Give an example of a background that may contain high quantities of soluble salts.
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A particularly important consideration is that of moisture and thermal movements occurring
in the plaster. These may be caused by differential movement between the plaster and its
background or relative movement at the junction of dissimilar materials. A common form of
cracking is when a plaster that has high thermal expansion is applied to a background having
low thermal expansion.

Where plastering is to be continued over mixed backgrounds a strip of EML fixed across the
junction will minimise cracking. Alternatively, a straight cut through the plaster along the junc-
tion line may be adopted. Another important consideration is to ensure that undercoats and final
coats are compatible, since a common defect is often the bond failure between the two coats.

Plasterboard

Plasterboard comprises a solid or cellular gypsum plaster core encased in, and bonded to, spe-
cially prepared stout paper liners. BS 1230 Gypsum plasterboard classifies four main types of
plasterboard:

● Baseboard
● Lath
● Wallboard
● Plank

Baseboard is produced with grey coloured liners and square edges and is suitable as a base
for receiving a single coat of Board Finish Plaster. One standard width of 900 mm is manufac-
tured, with a thickness of 9.5 mm and a length of 1220 mm. Before the plaster coat is applied,
the joints between the boards must be reinforced with a jute scrim strip 100 mm wide, to
prevent cracking occurring over the joints.

Lath is similar to Baseboard and is manufactured with grey coloured liners to receive a single
coat of Board Finish Plaster. It is, however, manufactured in smaller sizes and has rounded edges,
which makes for easier handling and, with a large number of joints, any movement is widely
distributed which frees the joints of the necessity to incorporate a strip of jute scrim. The width
is 400 mm with thicknesses of 9.5 and 12.5 mm and a length of 1220 mm.

Wallboard is manufactured with one ivory coloured liner, which is intended to receive direct
decoration without a coat of Board Finish Plaster. The liner on the opposite side is grey. The
boards can be obtained with a tapered edge, which may receive a filler for a seamless joint or
may be supplied square edged to receive a cover fillet or, alternatively, a chamfered rounded
edge is available. Wallboard is produced in 900 and 1200 mm widths, 9.5, 12.5 and 15 mm
thicknesses and varying lengths from 1800 to 3600 mm.

Plank is similar to Wallboard and is manufactured either with one ivory and one grey face or
two grey faces. The former is supplied with tapered edges and the latter has square edges. It is
the thickest of all the plasterboards, having a thickness of 19 mm, and is useful in situations
where additional strength, sound insulation or fire protection is required. It is 600 mm wide with
varying lengths from 2350 to 3000 mm.

Self Assessment Question 6

Give an example of a background that may have a low thermal expansion coefficient.



226 Plasters and plasterboards

In addition Baseboards and Wallboards are available with a vapour-control membrane for use
in applications where interstitial condensation needs to be prevented. Wallboards are also
available with a backing of low-density polystyrene, used in applications where the external wall
construction needs an upgrade in thermal insulation. Other special boards are manufactured for
specialist applications. British Gypsum, who manufactures much of the plasterboard used in the
UK construction industry, produces a wide range of these special boards. These include the
following:

Fireline – Plasterboard with glass fibre and other additives in the core to give increased fire resist-
ance. This board is also available with a vapour control membrane.

Soundbloc – Plasterboard with a higher density core for use in applications where greater levels
of sound insulation are required.

Duraline – Plasterboard with heavy-duty paper facings and a higher density core to give greater
impact resistance in heavy use areas.

Moisture Resistant Board – Plasterboard with a silicone additive in the core and encased in water
repellent liners. This is suitable as a base for ceramic tiling in wet use areas. This board is also
available with enhanced fire resistance properties.

Glasroc Board – A non-combustible glass-reinforced plasterboard which combines fire-
protection properties with a high degree of impact resistance. This board is also available for
providing fire protection to structural steel members.

Boards may also be manufactured faced with a white PVC film for ease of cleaning or with a
perforated pattern to improve sound absorption characteristics.

Plasterboards are normally fixed to timber joists or studs by means of galvanised steel lath
nails, the heads of which are filled after fixing or, alternatively, the walls may be fixed direct to
solid wall surfaces as dry lining by bonding to plaster dots or specially developed adhesive. The
subject of dry lining will be considered in more detail in the chapter on Internal finishes.
Plasterboards also form the main component in many lightweight partitioning systems. These
will be considered in more detail in the next chapter on Internal walls and partitions.
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The primary function of an internal wall is to enclose or divide space. Generally such walls are
used as partitions to form rooms in the house. Internal walls may be constructed from a 
variety of materials and may be classified as either solid or lightweight. Solid partitions are
normally constructed from bricks or blocks and may be loadbearing. Lightweight partitions 
are normally constructed from a framework of timber or light galvanised steel members with
plasterboard facings, known as stud partitions. Alternatively, the partitions can be constructed
from light panels of bonded plasterboard sheets with a cardboard core. Generally lightweight
partitions are non-loadbearing. This chapter will consider the functional requirements of internal
walls and partitions and the construction of solid and lightweight partitions for houses.

Functional requirements

Internal walls and partitions may be required to satisfy the following functional requirements:

● Strength and stability
● Fire resistance
● Sound insulation

Strength and stability

The internal wall may be required to carry loads and act as a support to the upper floor or roof
construction in order to reduce the span of the joists or purlins. Where the internal wall is
required to be loadbearing it should not be too thin to withstand the stresses set up by the
applied load.

Loadbearing partitions should be a minimum of 100 mm in thickness and non-loadbearing
partitions should have a minimum thickness corresponding to 1—40th of their length or height,
whichever is the least, for adequate stability.

22 Internal walls and
partitions

Self Assessment Question 1

A non-loadbearing partition is 2.4 m in height and 3.6 m in length. What should be its
minimum thickness?
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Fire resistance

The internal wall or partition should possess adequate fire resistance to prevent fire from
entering the room or to prevent the spread of fire between rooms. Loadbearing walls should
have a minimum half hour fire resistance. The materials used in the partition construction should
therefore have low combustibility. This is not a problem with solid partitions built from bricks or
blocks, but it could be a problem with lightweight partitions using timber or light steel framing
or where the core is constructed from cardboard.

Furthermore, the materials used for the finishes to the partitions will need to be carefully
selected with regard to their surface spread of flame performance. Generally plasterboard
finishes are used for lightweight partition systems and this material has satisfactory inherent fire
resistance. Additionally fire resistance can be applied to lightweight partitions where necessary
by installing incombustible quilt within the cavity of stud partitions.

Sound insulation

The internal wall or partition should possess adequate sound insulation to prevent the trans-
mission of sound between rooms. This is particularly important in walls separating bathrooms
and living room, dining room, study or bedroom where the partition should have a sound reduc-
tion of 38 dB over the frequency range of 100–3150 Hz. The materials used in the wall con-
struction should either be of adequate thickness and density, which is achievable with solid
partitions, constructed of materials having a minimum density of 600 kg/m3, or sound absorbent
quilt may need to be installed within the cavity of stud partitions.

Solid partitions

These are normally loadbearing and possess good fire resistance and sound insulation perform-
ance. They are usually constructed from bricks or blocks.

Where bricks are used the wall will normally be half brick in thickness and constructed in
stretcher bond. The bricks should have a minimum compressive strength of 5 N/mm2. Because
finishes are likely to be applied to these walls common bricks may be used. Internal quality bricks
are available that have grooved surfaces to provide a key for plastering.

Where blocks are used they may be manufactured from either clay or concrete. The latter may
be solid, cellular or hollow in construction. The blocks should have a minimum compressive
strength of 2.8 N/mm2. Where walls are bonded at their intersection, blocks may be built in or
a strip of expanded metal fabric may be incorporated at the junction (see Fig. 22.1).

Blockwork partition wall

Expanded metal fabric built into
joints at the junction of two walls

22.1 Bonding in partitions walls using a strip of expanded metal fabric.
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Loadbearing partitions require adequate foundations to transfer their loads to the ground
beneath. These may be independent strip foundations or, alternatively where the loadbearing
capacity of the subsoil near to the surface of the ground is adequate, the ground floor slab may
be thickened beneath the partition (see Fig. 22.2). Blocks used below dpc level should be suit-
able for that situation. The dpc should be linked with the dpm in the floor construction whether
the solid partition is loadbearing or not (see Fig. 22.2).

Where solid partitions are built to upper storeys of the house it is useful to ensure that their
location coincides with those on the lower storey in order to transfer their loads directly to the
foundations. Where it is not possible to locate the partitions to coincide with those in the lower
storey, a suitable support for the upper partition must be provided. This should ideally be an RSJ
rather than a timber bearer or joist (see Fig. 22.3).

Loadbearing partition

Screed
Thermal insulation

Damp proof membrane

Well compacted 
hardcore bed

Concrete slab thickened under wall

Damp proof couse

22.2 Thickening of a ground floor slab beneath a loadbearing partition.

Rolled steel joist

Loadbearing partition to upper storey

22.3 Support to a solid partition to an upper storey.

Self Assessment Question 2

Why is it not ideal to support upper floor solid partitions on a timber joist or bearer?
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Separating walls

The walls separating properties in semi-detached or terrace housing (often referred to as party
walls) require special attention in their design and construction, especially with regard to sound
insulation and fire resistance.

In order to provide effective sound insulation between the properties the Building Regulations
Approved Document E, Section 2: Separating walls for new buildings gives recommendations
for the design of four types of wall construction:

● Solid masonry wall
● Cavity masonry wall
● Masonry wall between independent panels
● Timber frame or steel frame separating wall containing sound absorbent material

Solid masonry wall

This could be constructed from brick having a minimum density of 1610 kgs/m3 as a one-brick
wall, plastered both sides with 13 mm plaster providing an overall minimum mass to the wall of
375 kgs/m2. Alternatively the brick wall could be finished with 12.5 mm plasterboard to both sides.

The wall could also be constructed from 215 mm thick concrete block having a minimum den-
sity of 1840 kgs/m3, plastered both sides with 13 mm plaster providing an overall minimum
mass to the wall of 415 kgs/m2. Alternatively the block wall could be finished with 12.5 mm
plasterboard to both sides.

Cavity masonry wall

This could be constructed from two half-brick leaves having a minimum density of 1970 kgs/m3

as a cavity wall having a 50 mm cavity and plastered to both room faces with 13 mm plaster to
provide an overall minimum mass of 415 kgs/m2.

The wall could also be constructed from two 100 mm leaves of concrete block having a
minimum density of 1990 kgs/m3 with a 50 mm cavity, and plastered to both room faces with
13 mm plaster to provide an overall minimum mass of 415 kgs/m2. Alternatively the wall could
be constructed from two 100 mm leaves of lightweight aggregate concrete block having a
minimum density of 1371 kgs/m3 with a 75 mm cavity, and plastered to both room faces with
13 mm plaster or with 12.5 mm plasterboard on both room faces to provide an overall minimum
mass of 300 kgs/m2.

Self Assessment Question 3

Why should the Building Regulations requirements for solid masonry separating walls
stipulate an overall minimum mass to the wall?

Self Assessment Question 4

Why should the cavity for a separating wall built with two leaves of lightweight
aggregate blockwork be wider than the cavity for a separating wall built with two
leaves of concrete blockwork?
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Masonry wall between independent panels

The masonry walls to this construction could be a one-brick wall built from bricks having a
minimum density of 1290 kgs/m3 or 140 mm thick concrete block wall having a minimum
density of 2200 kgs/m3 or 200 mm thick lightweight concrete block wall having a minimum den-
sity of 730 kgs/m3 or a cavity wall of half brick brickwork or 100 mm thick concrete blockwork
with a 50 mm cavity.

To this masonry core is added independent panels to each face of two sheets of plasterboard
joined by a cellular core having a minimum mass of 18 kgs/m2 or two sheets of 12.5 mm
plasterboard with joints staggered, giving an overall mass to the 1B and concrete block wall of
300 kgs/m2 and to the lightweight concrete block wall of 160 kgs/m2. A minimum cavity of 25
mm between each independent panel and the masonry wall needs to be provided.

Timber frame or steel frame separating wall containing 
sound-absorbent material

This construction may consist of timber or steel frames of 200 mm overall thickness with sound-
absorbent material such as un-faced mineral fibre batts or quilt 25 mm thick if suspended in the
cavity between the frames or 50 mm thick if fixed to one frame and having a minimum density
of 10 kgs/m3, lined by two or more layers of plasterboard having a combined thickness of 
30 mm to each side. Alternatively the timber frames may be attached to a masonry core.

There are also requirements within the Building Regulations Approved Document E, Section 2
for the construction of the junctions between separating walls and the external wall, the roof
and the floors of these properties.

Fire resistance to separating walls

The Building Regulations Approved Document B, Section 3 requires that separating walls be
designed and constructed as compartment walls for fire resistance purposes. They need to run
the full height of the building (including inside the roof space) and should not be greater 
than 20 m in height. The separating wall needs to be constructed to within 25 mm of the top
of the roof trusses, and soft packing, such as mineral wool, should be used between the top of
the wall and the roof underlay.

Furthermore, a material having limited combustibility should cover a zone of the roof 1.5 m
wide to either side of the separating wall.

Self Assessment Question 5

Why should a minimum 25 mm cavity be provided between each independent panel
and the masonry wall?

Self Assessment Question 6

Why should the separating wall be constructed to within 25 mm of the top of the roof
trusses and soft packing be used between the top of the wall and the roof underlay?
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Lightweight partitions

These are generally non-loadbearing. Consequently they may be constructed of lightweight
materials to reduce the dead load on the structure and foundations. Thus they may be con-
structed anywhere in the house without requiring special foundations or bearings for support.
However it is beneficial if building the partition off a concrete ground floor slab to provide a dpc
immediately beneath the partition to prevent any residual moisture from the concrete slab
affecting the timber within the partition.

Lightweight partitions are generally of two types:

● Timber or steel stud partition
● Bonded sheet partition

Timber or steel stud partition

These consist of a 63 � 38 mm timber framing comprising a sill member, fixed to the floor, a
head member fixed to the ceiling and vertical studs at 450–600 mm centres fixed between the
head and sill members and strengthened by horizontal noggings (see Fig. 22.4).

Door openings may be accommodated within the partition by framing with stud, head and
possibly sill members. Coverings may be of any suitable sheet material such as plywood, hard-
board or low-density fibreboard, but the most popular material is plasterboard, either baseboard
with a skim coat plaster finish or wallboard, which may be decorated directly.

A proprietary metal stud partition is also available. This utilises 44 mm deep light galvanised
steel channel sections similar to those used in steel frame house construction (see Fig. 22.5). This
is lighter than the timber partition and installation costs are claimed to be lower than those for
the timber partition and it does not suffer from moisture movement. The hollow construction of

Self Assessment Question 7

Why should a material of limited combustibility cover a zone of the roof 1.5 m wide to
either side of the separating wall?

Trussed rafters

Stud fixed to wall and
packed where necessary

63 × 38 mm timber vertical stud
at 450–600 mm centres

Noggin

63 × 38 mm timber sole plate

Upper floor joistsFraming around door opening

63 × 38 mm timber 
head plate

22.4 A timber stud partition.



Internal walls and partitions 233

the stud partition makes it easier to accommodate thermal or sound insulation materials as well
as service conduits, pipes and cables.

Bonded sheet partitions

These are self-supporting partition units, consisting of two sheets of wallboard plasterboard
bonded to a strong cellular cardboard core. The panels are fixed to 19 � 37 mm timber battens

Pressed steel channel
section head plate

Pressed steel I section
stud at 450 mm centres

Pressed steel channel
section metal noggin

Pressed steel channel section
metal sole plate

22.5 A steel stud partition.

37 × 37 mm vertical joint timber batten

Bonded sheet partition
with cardboard ‘egg box’
construction core
overall thickness 56 mm

37 × 37 mm timber sill

22.6 A bonded sheet partition.
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secured to the floor, ceiling and adjoining walls. The panels are joined together by 37 � 37 mm
timber battens (see Fig. 22.6).

These partitions are particularly light in weight and can accommodate door openings. Services
may also be accommodated in these partitions by removing sections of the panel core. They can
be rapidly erected and, if required, they may be dismantled, moved and re-erected in another
position with comparative ease. Their sound insulation performance is generally poorer than
that of stud partitions.
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Introduction

Upon completion of the structure, suitable finishes are required to the internal surfaces of the
house. Surfaces requiring special finishes are the following:

● Floors
● Walls
● Ceilings

Suitable finishes for these surfaces are dependent on specific functional requirements, which are
determined by the surface being considered and its location.

This chapter will consider the functional requirements of internal finishes and then consider
suitable floor, wall and ceiling finishes for houses. Particular attention will be paid to floor
screeds, their types and the method of laying them as well as the technique of applying dry
lining as a wall finish.

Functional requirements

These may be considered under the following headings:

● Durability
● Comfort and safety
● Physical attributes
● Maintenance

It is important to bear in mind that not all the factors listed under these headings will apply
in every case. For instance the floor finish to a kitchen may well have different functional require-
ments than the wall finish to a bathroom or the ceiling finish to a living room. However, those
functional requirements that are appropriate to a particular situation will need to be considered
when selecting the most appropriate finish for the situation.

As this book is only concentrating on domestic construction some functional requirements
that may be appropriate for consideration when selecting finishes to other types of buildings will
not be considered here.
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Durability

● Resistance to abrasion – Damage may be caused by objects rubbing against the surface.
● Resistance to water or other liquids – Damage may be caused if the surface finish is not

waterproof in areas where water or other liquids may be frequently used.
● Resistance to indentation – Damage may be caused by objects banging into the surface finish

or by high heels on soft floor finishes.
● Resistance to impact – Damage may be caused by objects banging into the surface finish.

This may cause cracking to fragile or brittle finishes.
● Resistance to sunlight – Ultraviolet degradation causing embrittlement of some materials or

fading of colours in other materials.
● Resistance to moulds and fungi – Mould growth may be a problem on finishes where humid-

ity is high and ventilation is poor allowing surface condensation to develop.
● Resistance to high temperatures or fire – Some finishes may need to have a low rating for

the spread of flame across their surface in order to ensure that a fire is not able to spread
easily from one room to another in a house.

● Resistance to splitting – Damage may be caused by wear and tear of the finish.
● Resistance to tearing – Damage may be caused by wear and tear of the finish.
● Resistance to cracking – Damage may be caused by wear and tear of the finish or created by

stresses and strains on the finish by the reaction between the finish and the background or
items attached to the surface.

● Amount of moisture movement – Compatibility with the background and surrounding
materials.

● Amount of thermal movement – Compatibility with the background and surrounding materials.
● Strength in bending – This is particularly important where the finish is likely to be attached

to a curved surface or one in which bending due to deflection under load may occur.
● Strength in compression – This is particularly important where the finish is attached to a

surface which is likely to be subjected to compression forces.
● Strength in tension – This is particularly important where the finish is attached to a surface

which is likely to be subjected to tension forces.
● Strength in shear – This is particularly important where the finish is attached to a surface

which is likely to be subjected to shear forces.

Comfort and safety

● Freedom from slipperiness – This is particularly important for floor finishes where liquid
spillages might occur.

● Warmth – Contribution to the thermal performance of the element to which the finish is
attached. Timber finishes are warmer than stone, concrete or clay tile finishes.

● Quietness – Contribution to the acoustic performance of the element to which the finish is
attached. Carpets are soft and therefore quiet; tiles are hard and can be noisy when walked
upon.

● Resilience – Ability of the finish to spring back into shape after being walked upon.
● Sound absorption and transmission – Soft finishes can contribute to a reduction in the trans-

mission of sound energy through an element if they are applied to a surface. Echoes are
reduced in a room when soft finishes are used. Hard floor finishes can contribute to an
increase in impact sound.
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● Light reflection and transmission – Finishes that are light in colour or shiny in texture are likely
to provide greater light reflection than dark or matt surfaces. Similarly transparent surfaces
will provide greater light transmission than will opaque surfaces.

● Thermal conductance – Some materials used for surface finishes, such as metals, may con-
duct heat more readily than others.

● Toxicity – Surface finishes used in areas where food is prepared should not be toxic or become
toxic if moistened.

● Moisture absorption – Surface finishes that can absorb small amounts of moisture, such as
plasters, can be helpful in reducing the incidence of surface condensation in areas of high
humidity such as bathrooms and kitchens. However, timber products may swell excessively if
they are used in areas where moisture absorption is likely to be high.

Physical attributes

● Appearance – Colour, design and texture of the finish material.
● Shape – This has an effect on the appearance of the finish, but can also affect how easily the

finish can be attached to the background.
● Dimensions – Large units are quicker to fix than smaller units but may require more cutting

if fixed in small areas or installed around fixed objects.
● Weight – This has an effect on the dead load of the building but may also have a significant

effect on the attachment to the background. Weak backgrounds will not be able to support
heavy finishes.

● Method of fixing – This could be by mortars, adhesives or mechanical fixings dependent on
the type of finish.

● Cost – Expensive finishes may convey a sense of opulence to the observer. Finishes having a
low initial cost may need to be replaced more frequently than more expensive finishes.

● Ease of cutting – This is particularly important where finishes need to be installed around
fixtures and fittings.

● Ease of handling – Large or bulky materials may be more difficult to handle than smaller and
lighter materials.

● Ease of jointing – This includes the method of jointing finishes to each other and the method
of jointing finishes to other materials in the building. Joints must be able to satisfy the func-
tional requirements of the finishes they join and may also need to accommodate tolerances
for moisture and thermal movements.

Maintenance

● Ease of cleaning – Some finishes may be easily cleaned by wiping with a damp cloth or
sponge. Others may require special chemicals to clean them.

● Frequency of cleaning – Some finishes may need more frequent cleaning than others due to
their location or frequency of use. Frequent cleaning may be required to maintain standards
of hygiene in food preparation areas.

● Ease of repair – Some finishes may be easier to repair than others. Some finishes may require
complete replacement rather than repair.

● Life expectancy – Linked to life cycle costing. Some finishes may need to be replaced more
frequently than others.



238 Internal finishes

Floor finishes

It is possible to provide a trowelled finish to solid concrete floors that is smooth and level enough
for the application of most floor finishes. However, it is seldom practised because following
trades could cause damage to the surface of the floor before the finish is applied, meaning
that the surface of the floor will need to be re-smoothed and re-levelled prior to the application
of the finish. In addition, by providing a screed to the surface of the floor, conduits, pipes and
cables for services may be accommodated within the thickness of the screed.

Floor screeds

The screed must be laid correctly to provide a sound and level surface for the final floor finish and
to prevent the subsequent cracking and lifting of the screed. Screeds are gener-ally produced from
dense sand : cement mixes (proportioned 1 : 4 by weight). Alternatively lightweight aggregates may
be substituted for the sand. This is particularly useful where the screeds are likely to be thick and
the dead loads imposed on the floor are an important consideration.

The amount of water included in the screed mix is also important. The mix should contain just
enough water to allow the screed mixture to be moulded in the hand without squeezing out
any excess water. Lightweight aggregates absorb more water than dense aggregates; therefore
they take longer to dry out. The drying time of screeds can be critical, particularly where
moisture-sensitive floor finishes are to be laid over them. The Building Research Establishment
Digest 104: Floor screeds recommends, in general, that a drying time of 1 month per 25 mm of
screed thickness should be allowed for natural drying. This drying time can be accelerated with
the use of de-humidifiers. Screeds need to be compacted well when they are laid, otherwise
hollow spots may occur in the finished screed and its durability and performance will be
affected. There are two main types of floor screed:

● Bonded – where the screed is bonded to the floor to ensure adequate adhesion is achieved.
● Un-bonded – where the screed is held down by its own mass.

Bonded screeds

These may be of two types:

● Monolithic screed
● Separate construction

Self Assessment Question 1

List the functional requirements that would need to be considered in the selection of
finishes for the following areas:

A. Kitchen floor
B. Bathroom wall
C. Living room ceiling
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Monolithic screed

This is laid on an in situ concrete base before it has set, thus minimising shrinkage. The screed
can be laid to a minimum thickness of 12 mm (see Fig. 23.1) and is generally used where a spe-
cial concrete mix for the finish to the concrete is required, such as granolithic or terrazzo, and
the cost of providing this specification to the entire concrete slab would be exorbitant and
unnecessary.

Separate construction

This is laid on a hardened concrete base to a minimum thickness of 40 mm (see Fig. 23.2). The
strength of the bond between the screed and the base is dependent on the roughness of the
surface finish to the concrete slab. Where the slab has received a tamped surface finish this is
normally sufficient to provide a good key for the screed. Alternatively a key can be produced
mechanically by means of hacking the concrete surface or applying a bonding agent such as
PVAC adhesive. The concrete surface must be dampened before the application of the screed to
reduce suction.

Un-bonded screeds

These may be of two types:

● Un-bonded construction
● Floating screed

25 mm granolithic or terrazzo topping

Concrete floor slab

23.1 A monolithic screed.

1 : 4 cement : sand screed
minimum 40 mm thickness

Concrete floor slab

23.2 A separate screed.

Self Assessment Question 2

Why does the surface of the concrete slab need to be dampened to reduce suction?
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Un-bonded construction

This screed is used where the bond between the concrete base and the screed has been broken.

Because there is no bond between the screed and the slab, the screed must rely on its own
mass to prevent it from lifting. The minimum thickness of this screed must therefore be 50 mm
(see Fig. 23.3).

Floating screed

In order to achieve satisfactory thermal or acoustic insulation values, the floor finishes are occa-
sionally separated from the concrete base by a layer of insulating material (usually fibre glass
quilt). To prevent the quilt from becoming wet, it is normally covered with a dpm and a layer of
chicken wire is embedded in the screed to strengthen it. This screed has a minimum thickness
of 65 mm (see Fig. 23.4).

Self Assessment Question 3

Give an example of a situation in which the bond between the concrete base and the
screed is broken.

1 : 4 cement : sand screed
50 mm minimum thickness

Damp proof membrane

Concrete floor slab

23.3 An unbonded screed.

1 : 4 cement : sand screed
minimum thickness 65 mm

Thermal or acoustic insulation

Concrete floor slab

Chicken wire reinforcement

23.4 A floating screed.

Self Assessment Question 4

Why does the floating screed require a layer of chicken wire embedded in the screed to
strengthen it?
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Where improved sound insulation to upper floors is required (generally in blocks of flats) a
floating screed on a concrete floor is often an ideal solution. Where floating screeds are used
internal walls and partitions must be constructed off the structural floor.

Floor coverings

Floor coverings may be divided into four distinct groups:

● In situ coverings
● Sheet coverings
● Tile coverings
● Timber and timber product coverings

In situ coverings

These are generally monolithic screed finishes, such as granolithic flooring, in which the screed
contains a crushed granite aggregate or terrazzo, in which the screed contains decorative mar-
ble aggregates. The surface of this can be polished to a fine finish where the marble aggregates
enhance the appearance of the floor finish. Both finishes provide a hardwearing surface. The
granolithic floor can be used for a garage.

Mastic asphalt can be used as a floor covering. It is hard wearing but can suffer from damage
due to indentation from heavy furniture. It can become slippy when wet but has very good
damp resistance and can be used as a dpm on older properties where the ground floor slab does
not contain a dpm. It has a limited colour range and is therefore rarely used on new house
construction.

Sheet coverings

A variety of sheet materials are available, including the following:

Linoleum Made by pressing a plastic material comprising oils, cork and other fillers and
pigments onto a jute canvas or glass fibre and polyester backing to BS EN 548 Resilient floor
coverings – Specification for plain and decorative linoleum. The sheet can be supplied in plain,
printed or inlaid finishes.

Flexible PVC Polyvinyl chloride is mixed with fillers, extenders, pigments and stabilisers. The
mixture is calendered between heated rollers to produce a sheet of the correct thickness to BS
EN 649 Resilient floor coverings – Homogeneous and heterogeneous polyvinyl chloride floor
coverings. Designs can be printed onto the sheet and then a surface of clear plastic can be
laminated on top to seal and protect the design. The sheet can be ‘welded’ together at joints if
required. Where this type of floor covering is used on concrete ground floor slabs, the floor
should contain a dpm.

Self Assessment Question 5

Why do internal walls have to be built off the structural floor where floating screeds are
used?
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Rubber Natural or synthetic rubber is mixed with varying filling compounds and pigments to
produce different textures and colours to BS 1711 Specification for solid rubber flooring. Sulphur
is added to vulcanize the rubber. This floor covering has good resistance to oils, fats and greases
and is anti-static. However it is rarely specified for houses and tends to be more suitable for
buildings where the performance characteristics of the covering far outweigh its appearance,
which tends to be rather bland in comparison with other sheet coverings.

Carpet A variety of fibres and different methods of manufacture provide a diversity of floor
coverings of varying quality and performance characteristics. The fibres used in carpet manufacture
may be wool, synthetic materials or a mixture of both. The yarn produced can be heated to produce
a hardwearing twist pile or woven into a soft velvet pile. Carpets are manufactured by weaving or
stitching the yarn into the backing material. Alternatively, with synthetic fibres, a bunch of fibres
can be needle punched into the backing or glued to the backing. The backing may be jute or, more
commonly, latex. The number of tufts per unit area determines the density of the carpet. Dense car-
pets with a short pile tend to be harder wearing than less dense carpets with a longer pile. Carpets
are available in a wide range of colours, patterns and textures. Where the carpet is not supplied
with a latex backing it is necessary to provide an underlay of sheet rubber or plastic foam.

Tile coverings

A variety of tiles are available, including the following:

Clay These are available in three types:

Quarry tiles – manufactured from unrefined clays to BS 1286 Clay tiles for flooring: Type A and
are of less uniform composition than vitrified ceramic tiles. They are classified according to
their water absorption: Class 1 tiles have a maximum water absorption of 6 per cent, whilst
Class 2 tiles have a maximum water absorption of 10 per cent. They are laid and jointed in
cement: sand mortar, and expansion joints of compressible material need to be laid around
the perimeter of the tile covering. They have a limited range of colours, mainly reds, browns,
and buffs, but they have very good wearing qualities.

Ceramic – manufactured from refined clays with fluxes to increase vitrification to BS 1286 Clay
tiles for flooring: Type B. They are available as either vitrified, having a maximum water
absorption of 4 per cent or fully vitrified, having a maximum water absorption of 0.3 per cent.
They are available in a much wider range of colours, textures and designs than quarry tiles
and are also thinner and have a fine, smooth surface finish.

Ceramic mosaics – supplied as 38 mm square pieces mounted on a paper backing in a pattern
ready for laying.

Thermoplastic These are plastic resins mixed with thermoplastic binders, fillers and pigments
and calendered to a thickness of 2–3 mm to BS 2592 Specification for thermoplastic flooring
tiles. They differ from other plastics such as PVC in that they only become flexible when they are
heated. The tiles therefore need to be warmed so that they become flexible before they are laid.
They are fixed with a bituminous adhesive. Because they are so thin the base that they are laid
upon should be flat, as any imperfections will be noticeable in the covering.

Cork These are formed of cork granules compressed and baked at high temperature so that
the natural resins present in the grain bond the particles together. The material thus formed is
then cut into tiles and these are fixed to the surface of the floor with adhesive. The tiles need to
be sealed to provide good wearing characteristics and resistance to water. They have extremely
good thermal resistance and therefore provide a floor covering that is warm to the touch.

Flexible PVC as the sheet material previously considered.
Carpet as the sheet material previously considered.
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Timber and timber product coverings

A variety of materials are available, including the following:

Board and strip Wood strip flooring is available in widths up to 100 mm. Wood board floor-
ing is available in widths greater than 100 mm. Thicknesses are generally 20, 32 or 38 mm.
Although not true in every case, most strip flooring is made from hardwoods and board flooring
is generally made from softwoods. The strips or boards are normally nailed to timber joists and
fixed together by tongued and grooved joints. On concrete sub-floors it is possible to fix timber
strip flooring to timber battens fixed to galvanised steel clips embedded in the floor (see Fig. 23.5).

Wood block Generally produced from hardwoods, flat or quarter sawn into blocks 90 mm in
width, 230 or 300 mm in length and 19–38 mm in thickness to BS 1187 Specification for wood
blocks for floors. They are fixed to the floor screed using bitumen emulsion. The blocks are normally
laid in a herringbone or basket weave pattern.

Parquet Manufactured from specially selected hardwoods and cut to form patterns either by
laying the cut sections directly onto the sub-floor or pressed onto a backing and laid as panels.
If the sections or panels are laid onto timber boarding then the boards should be covered with
hardboard or plywood sheeting prior to laying the parquet covering to mask any surface
irregularities in the floorboards.

Laminate A form of parquet flooring in which hardwood strips are mounted on a laminate
backing to form panels of 19–25 mm thickness. The panels are tongued and grooved on all
edges.
The joint between the floor and wall finishes is normally covered by a skirting board. These are
available in a variety of sizes and designs and are normally timber.

Wall finishes

Although it is possible to provide an internal wall finish using facing bricks or building stone, it
is not usual. Most internal finishes to walls comprise an application of plaster or plasterboard
with a paint or wallpaper covering.

Where walls have been newly plastered it is desirable to finish them with a coat of emulsion
paint for the first six months rather than cover them with an oil-based paint or wallpaper.

37 × 37 mm timber batten
fixed to steel clip embedded
in the concrete floor

Timber strip floor boards 
fixed to timber battens at
450 mm centres
Space for thermal insulation where required

Damp proof mebrane

23.5 Timber strip flooring.

Self Assessment Question 6

Why should newly plastered walls be decorated with emulsion paint, rather than oil-
based paint or wallpaper, for the first six months?

Other wall finishes are tiling and panelling.
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Wall tiling

Tiles are manufactured from special clays containing silica and alumina with sodium or
potassium alkalis, mixed with a quantity of flint to resist crazing in the tile and limestone to
reduce shrinkage of the tile during firing. The materials are then mixed with water to form a
slurry and run to a storage tank. When required the slurry is pumped to presses where the water
is extracted by pressure and the plastic clay left is then dried in stoves to reduce the moisture
content to approximately 10 per cent. The dried clay is then crushed to dust of controlled
particle size in grinding pans and the particles are formed into tiles in presses.

The formed tiles are then loaded onto trucks, which pass through a drier prior to entering a
tunnel oven for firing. Once the ‘biscuit’ tile has cooled it can be glazed. The glaze is applied as
a liquid and the biscuit tile, being very absorbent, soaks up the water leaving the glaze as a pow-
dery crust on the surface of the tile. The tiles are then laid on the shelves of a fireclay truck and
passed through another tunnel oven to fix the glaze to the surface of the tile.

There are two types of glaze : earthenware glazes and coloured enamels. Coloured enamels
may have a glossy surface or an eggshell or matt surface.

Wall panelling

Traditionally wall panelling would be made from hardwood and formed into panels with stiles
and rails similar to the technology used for the construction of solid timber panelled doors.
Modern wall panelling generally consists of sheets of plywood or medium-density fibreboard
finished with a veneer and fixed to 100 � 19 mm softwood framing, screwed to 50 � 25 mm
softwood grounds which in turn have been fixed to the backing wall. The panels may be fixed
together by tongued and grooved joints on their edges (see Fig. 23.6).

The panels are normally installed as wainscoting meaning that they extend from the floor to
a height of approximately 1 m above the floor level and are topped with a timber dado rail.

Dry lining

The use of plasterboard as a dry lining has become very popular in recent years for the following
reasons:

● It provides a smooth finish to the wall that can receive direct decoration.
● It is a dry finish and therefore does not suffer from the problems of a prolonged drying period

that besets wet plaster finishes.
● It can be applied by semi-skilled operatives for less cost than conventional plaster finishes.
● It can incorporate thermal insulation materials and a vapour barrier to reduce the incidence

of interstitial condensation in the wall.
● It is quick to apply.

9 mm veneered plywood
panel glued to framing

Veneer to framing at the
edges of the panels

Plywood tongue fixed into grooves in framing

100 × 19 mm timber framing
fixed to timber grounds

Blockwork wall

50 × 25 mm timber grounds
fixed to the wall

23.6 Timber wall panelling.
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However there are also some disadvantages to the use of dry lining, such as the following:

● It has limited strength for supporting heavy fixings, such as cupboards.
● It is susceptible to impact damage and therefore may not be suitable in areas where such

damage may occur.

Traditionally the dry lining boards were fixed to preservative-treated timber battens, fixed
vertically to the backing wall and horizontally at ceiling and skirting levels, in a similar manner
to that used in wall panelling. The spacing of the vertical battens is determined by the thickness
of the plasterboard used, generally 450 mm centres for 9.5 mm thick boards and 600 mm
centres for 12.7 mm boards (see Fig. 23.7).

Thin galvanised metal channel sections, known as furrings, may be used instead of timber
battens. These are bonded to the backing wall by adhesive. The metal furrings are positioned at
similar intervals to the timber battens, but provide some extra latitude for unevenness in the
background. The plasterboard is then screwed to the metal furrings (see Fig. 23.8).

An alternative method for fixing plasterboard dry lining to the backing wall has been the ‘dot
and dab’ method. 75 � 50 mm ‘dots’ of bitumen-impregnated fibreboard were fixed with plas-
ter to the backing wall at 1 m centres vertically and 1.8 m centres horizontally, to provide a true,
flat ground. Intermediate dots were then placed to coincide with the board joints. Once these

Vertical battens fixed at 600 mm centres

Floor batten fixed 30 mm above floor level

Filler to tapered joints
Section through a batten

37 × 25 mm treated timber
batten fixed to the wall

12.5 mm wallboard nailed to the batten

Wallboard fixed to battens
and tapered edges filled

Ceiling batten fixed 30 mm below ceiling line

23.7 Dry lining using timber battens.

12.5 mm wallboard screwed to furring

Filler over tapered edges

Blockwork wall

Metal furring fixed wall with
adhesive at 600mm centres

23.8 Fixing of plasterboard dry lining to metal furrings.

Self Assessment Question 7

Why can the metal furrings provide a greater degree of latitude for unevenness in the
background than can timber battens?
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dots had set, thick ‘dabs’ of plaster were applied vertically between the dots, so that they stood
proud of them and the plasterboard was then pressed into position on these dabs. A temporary
nail fixing to the dots was achieved whilst the dabs were setting (see Fig. 23.9).

The dot and dab method has now been replaced by the use of dabs of adhesive applied to
the backing wall in vertical rows, with intermediate horizontal dabs applied at ceiling level. A
continuous bead of adhesive is then applied at skirting level and the plasterboard is pressed in
to the dabs to provide a level finish (see Fig. 23.10).

Ceiling finishes

Most modern ceilings are constructed using baseboard plasterboard fixed with lath nails to the
underside of the floor or roof joists. The joints between the boards are covered with a jute scrim
to prevent cracking and the boards are finished with a single coat of Board Finish Plaster. The
plaster finish may be painted or covered with wallpaper. Another popular finish to ceilings has
been the application of Artex, a proprietary coating that can be applied directly to baseboard
without the need for a plaster finish and can then be textured whilst wet with either a combed
or stippled finish.

The joint between the wall and ceiling finish may be covered by coving. Traditionally this was
produced from Class A plasters, reinforced with horsehair and cast in special moulds to a variety
of designs. Modern coving tends to be manufactured from plasterboard and is fixed to the wall
and ceiling surfaces with a special adhesive.

76 × 51 mm impregnated 
fiberboard dots

Plaster cabs

Wallboard fixed temporarity to
fibreboard dots and bonded
permanently to plaster dabs

23.9 The dot and dab method of fixing dry lining.

23.10 Fixing of plasterboard dry lining with adhesive dabs.

Band of adhesive at ceiling level

Wallboard fixed 
to adhesive dabs

Adhesive dabs at 300 mm 
vertical centres and 450 mm 
horizontal centres

Band of adhesive at floor level



24 External wall finishes

Introduction

The most popular finish to the external wall of a house in the United Kingdom has been fac-
ing brickwork. However, in some parts of the country other finishes, such as shiplap boarding,
are endemic to particular areas and define the area’s vernacular architecture. Timber frame
and steel frame construction have been able to use a wide choice of external finishes, since
the wall finish does not have to satisfy the loadbearing function that masonry walls are
designed to do.

This chapter will consider the functional requirements of an external wall finish and then
discuss the application of the three main types of external wall finishes used for housing:

● Rendering
● Tile hanging
● Weatherboarding

Functional requirements

The main functional requirements that an external wall finish needs to be able to satisfy are the
following:

● Weather resistance
● Appearance
● Durability
● Fire resistance

Weather resistance

To be effective as an external finish the material used must be weather resistant. Indeed some
external finishes are placed over brickwork or blockwork walls in order to improve the weather
resistance of the wall. External finishes do not, however, need to be impervious.



Appearance

External wall finishes will, to a large extent, define the external appearance of the building.
Therefore their appearance will be an important consideration in their selection. Appearance can
be influenced by the selection of the material used for the finish and also the textures and
colours adopted.

Durability

The external wall finish will be subjected to the vagaries of the climate it is exposed to, thus careful
selection of materials, textures and colours is important. It is likely that the external wall finish
will not last the lifetime of the building to which it is attached. Thus at least one replacement in
the lifetime of the building should be expected, dependent on materials.

Fire resistance

The external wall finish is unlikely to substantially improve the fire resistance of the material to
which it is attached. However, when the material for the external finish has been selected
consideration should be given to its surface spread of flame performance.

External wall finishes allow materials such as concrete blockwork to be used for the construction
of the external walls of the house. The finish will overcome the main disadvantages of using
concrete blockwork on the external face of the wall, which are its poor weather resistance and
appearance, but will enable the advantages of concrete blockwork for wall construction to be
harnessed, such as the low cost of the material and the speed of laying compared with brickwork.

Rendering

Rendering is a form of external plastering using a mixture of cement, lime, sand and water to
provide protection against the penetration of moisture or to provide a desired colour, texture
and appearance to an external wall.

For rendering to satisfy the functional requirements of an external wall finish careful consid-
eration needs to be given to the following aspects:

● The mix design
● The bond to the background
● The degree of exposure of the building
● The application of the render finish
● The texture of the surface

The mix design

Strong cement : sand mixes are impervious but there is a tendency for them to crack during
drying or because of differential movement between the finish and the background. Shrinkage
cracks allow water to penetrate behind the rendering, which cannot then escape by normal
evaporation. This leads to damp walls and loss of adhesion of the render to the backing wall,
causing it to eventually fall off.

Weak cement : lime : sand mixes are less likely to crack since there is less shrinkage during
drying, but these mixes are more permeable than the stronger mixes. However, moisture
entering the render will be able to evaporate as weather conditions change.
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The bond to the background

The rendering should not be stronger than the background to which it is attached; otherwise
cracking may occur due to differential movement between the finish and the background. Weak
mixes are therefore preferable.

A ‘spatter dash’ coat of 1 part cement to 2 parts sand can be mixed wet and thrown onto
the background vigorously to provide a rough surface for the render to bond to. Mortar joints
in brickwork and blockwork should be raked out prior to the application of the finish. On
concrete surfaces a dovetail key can be provided by using profiled formwork. Alternatively,
bitumen-coated expanded metal lathing can be attached to the background or to the sheath-
ing on timber frame and steel frame walls to provide a key for the render. Dry backgrounds
need wetting to reduce any suction characteristics in the background prior to the application
of the render.

The degree of exposure of the building

Weak mixes are satisfactory in sheltered conditions but not sufficiently durable in exposed
conditions. Strong mixes should also be used at points that are vulnerable to impact damage or
abrasion.

Weak mixes are slow to harden and therefore may be affected by frost action during the first
few weeks after their application. Therefore strong mixes should be used when applying
rendering during periods of cold weather.

The application of the render finish

The render may be applied in either two or three coats. Three coats should be used where the
background is uneven or where the exposure is severe. Undercoats should be scratched to
provide a key for the final coat and allowed to dry thoroughly before the final coat is applied.

The undercoat should be 10 mm thick for a three-coat rendering and 13 mm thick for a two-
coat rendering. The second coat in a three-coat rendering should be 10 mm thick. The final coat
should be 6 mm thick for a three-coat rendering and 10 mm thick for a two-coat rendering.

The texture of the surface

Five different textures are normally available for rendered finishes:

● Smooth
● Textured
● Rough cast
● Pebble dash
● Tyrolean

Smooth

A steel trowel or wood float finish may be provided. There is a tendency for smooth finishes
to craze if they are overworked, due to carbonation of the cement laitance brought to the
surface.

Uneven weathering of the surface, particularly rain staining, can be a problem with this type
of finish.
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Textured

The finish is provided by scraping the final coat with the edge of a trowel, hacksaw blade or nail
board. This removes the cement laitance and prevents crazing of the surface.

Rough cast

A wet mix of cement : lime : sand : selected aggregate is thrown onto the undercoat. This pro-
vides good adhesion of the final coat to the undercoat. The uneven surface produced by the
protrusion of aggregate particles form the final coat of render, breaks up water paths and helps
to reduce rain staining.

Pebble dash

A similar technique to rough cast rendering, but dry aggregate is thrown against the final coat
whilst it is still wet and is worked into the render by tapping it with the surface of a trowel. The
aggregate used for pebble dash is generally smaller than that used in rough cast finishes. The
adhesion of the aggregate to the render is not as good with pebble dash as it is with rough cast.

Tyrolean

A proprietary composition of render is flicked onto the undercoat using the blades of a machine
to create a decorative textured finish.

When applying rendering to an external wall, it is important to ensure that it does not bridge
over the dpc or moisture in the wall below the dpc will be able to travel via the render and enter
the wall above the dpc.

The render can be finished just above the dpc by creating a ‘bell mouth’ detail using an EML
edging bead (see Fig. 24.1).

If a brick plinth effect is not desired, the render can be re-commenced below the dpc (see
Fig. 24.2).

Self Assessment Question 3

In what circumstance may a pebble dash finish be preferred to a rough cast finish?

Self Assessment Question 2

Why should the breaking up of water paths by the protruding aggregate in rough cast
rendering be important?

Self Assessment Question 1

What could cause overworking of a smooth render finish?
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Tile hanging

Roof tiles may be used as a finish to an external wall, either to enhance the appearance of the
wall or to provide additional weather resistance to the wall. The tiles may be vulnerable to break-
age due to impact damage; it may therefore be better to limit their use to more inaccessible
areas, such as upper storeys.

Slates and clay or concrete plain tiles can be hung on 38 � 19 mm preservative treated bat-
tens fixed to the wall. Counter battens may be used in order to ventilate the cavity between the
back of the tiles and the wall. These should be fixed at 400 mm vertical centres. On timber frame
and steel frame houses the battens should be fixed to the sheathing and a layer of breather
paper placed beneath the battens.

Tiles and slates should be double nailed to the battens and laid to a bonded joint as they
would be on a roof. Normally a 114 mm gauge is used for a standard 265 mm tile. Nib-less tiles
may be nailed directly to mortar bed joints rather than timber battens, but they must be of a
suitable size in order to be able to work in with the brickwork or blockwork courses.

Self Assessment Question 4

What problem would be encountered if the nib-less tiles were not of a suitable size?

3 coat render 26 mm overall thickness

Galvanised mild steel
bell mouth projection piece

Damp proof course

1B solid wall

24.1 Bell mouth detail of rendering at dpc with brick plinth.

Bell mouth termination to
render above the dpc

Re-commencement of render
below the dpc

24.2 Re-commencement of render below the dpc where a brick plinth is not desired.



At the head of the wall tiles should be protected by a cover flashing fixed behind the top
batten (see Fig. 24.3).

At the foot of the wall the tiles should be tilted by a tilting fillet (see Fig. 24.4).
At openings tiles may be butted against a projecting frame or specially made corner tiles may

be used. At quoins corner tiles may be used (see Fig. 24.5) or tiles may be mitre cut and backed
by shaped lead soakers.

Weatherboarding

Either softwood or hardwood timber boards may be used for weatherboarding. If non-durable
softwoods are used they must be preservative treated by either staining or painting. Western red
cedar is very durable and can be very decorative if coated with a clear sealer. Hardwoods may
need to be preservative treated but are often left unprotected and allowed to weather naturally.
PVCu boards are an acceptable substitute for timber and are very durable but can be prone to
impact damage if they are situated in vulnerable areas of the façade.

The boards may be nailed directly to the sheathing of a timber or steel framed house or fixed
indirectly to timber grounds plugged to masonry walls. Secret nailing using corrosion-resistant
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Lead cover flashing tucked
behind the top batten

Bituminous felt underlay

38 × 19 mm tiling batten

24.3 Cover flashing to tiling at the head of the wall.

Blockwork to the external leaf of
the cavity wall to the upper storey

Bituminous felt underlay

Plain tiles fixed to 38 × 19 mm battens

Tilting fillet

Facing brickwork to lower storey

24.4 Tilting fillet to tiles at the foot of the wall.



metal nails protects the fixings. All boarding needs to be laid on an impervious barrier of
bituminous felt or building paper, irrespective of the background.

The spacing of the 32 � 25 mm preservative-treated timber battens to masonry walls is
dependent on the thickness of the boards and the manner in which the boards are laid:

● 1200 mm spacing for 25 mm horizontal boards.
● 450 mm spacing for 16 mm horizontal boards.
● 600 mm spacing for 25 mm vertical boards.
● 760 mm spacing for 25 mm diagonal boards.

The boarding should be free to move on at least one side. The lower edge should be kept at least
150 mm above any horizontal surface to prevent splash staining of the boarding. At quoins boards
may be crossed and cut or alternatively they may be butted against 75 � 30 mm corner boards.
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38 × 19 mm batten

Overlapping plain tiles
laid to bond Corner tile

Tile nibs

Bituminous felt underlay

24.5 Corner tiles.

Tongued and grooved

Board on board

Batten on board

Square
edge

Feather
edge

Feather
edge
rebated

Rebated
shiplap

24.6 Styles of weather boarding.



The boards may be fixed in many different designs (see Fig. 24.6):

● Square edged, horizontal
● Feather edged, horizontal
● Rebated, feather edged, horizontal
● Rebated, shiplap, horizontal
● Tongued and grooved with V joint, vertical
● Board on board, vertical
● Batten on board, vertical.
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Glossary of terms

Abutment – The point where one part of a building structure adjoins another part of the structure
or another building; sometimes encountered in roof construction.

Admixture – A material that can be added to a concrete mix in order to enhance particular
characteristics of the concrete such as its workability, frost resistance or setting time.

Air entrainment – A method of introducing air or some other gas into concrete before it has
achieved its initial set. The bubbles produced reduce the overall weight of the concrete com-
ponent and provide the advantages of lightweight concrete. Air entrainment can also provide
extra resistance to frost in a concrete member.

Alum – A mineral used in Class C plasters to accelerate their setting time.
Angle of repose – The maximum angle at which a soil on a slope is stable.
Annealing – A process of toughening glass by heating it and allowing it to slowly cool so that

stresses produced in its initial manufacture are relieved.
Arch – An arrangement of bricks or stones, usually curved in shape, to carry the wall above over

an opening.
Architrave – A decorative piece of timber used to cover the joint between the door frame or

lining and the wall to which it is attached.
Armour plate glass – A toughened glass produced by heating followed by rapid surface cooling

producing high compression forces in the surface of the glass.
Autoclaving – A method of curing and hardening calcium silicate and concrete bricks and blocks

in a steam oven.
Balusters – Guarding and safety members usually positioned between the handrail and the outer

string of a stairway.
Bargeboard – A board covering the roof construction and covering at the gable end of a pitched

roof.
Batt – A cut brick, usually a half brick.
Batten – A small timber member often used for fixing other components, particularly roofing

tiles.
Bearer – A temporary support to a formwork platform or deck. It performs a similar function to

a joist in floor construction.
Bed face – The bottom face of a brick.
Bevelled closer – A brick that is cut longitudinally on the bevel such that one header face is the

full width whilst the opposite header face is only half the standard width. It is used when
creating stop ends in one-and-a-half brick walls in English or Flemish bond.



Binder – A timber member fixed to the top of ceiling joists at mid-span to prevent excessive
deflection.

Bird’s mouth joint – The joint between the rafter and the wall plate.
Bottom plates or sill plates – The bottom member in a timber framework.
Braces – Diagonal members fixed between vertical and horizontal frame members to help keep

the frame square and prevent racking.
Breather membrane – A material that is moisture vapour permeable but water liquid imperme-

able. When fixed to the sheathing in a timber frame wall any excess water vapour trapped
in the wall may escape to the outside air whereas any rain that may have penetrated the
external wall finish will be unable to cross the breather membrane to cause dampness in the
timber construction of the wall.

Browning – An undercoat plaster generally used on masonry.
Building line – A nominal line used by Town and Country Planning Authorities to determine the

position where building may commence relative to the front boundary of the property.
Building paper – A membrane comprising a bitumen core sandwiched between sheets of stout

paper. It can be used as a breather membrane.
Bulbs of pressure – The lines drawn between points of equal pressure in the ground when the

soil is loaded by a building foundation.
Calendering – A process in which a sheet is passed between rollers (often heated) to smooth it

or to bond the surface finish to the background.
Cambium – A soft substance immediately beneath the bark of a tree in which the annual growth

of the wood and bark takes place.
Carbohydrates – Organic compounds of carbon, oxygen and hydrogen often forming sugars

that the tree will feed upon.
Carcassing – Timber forming the framework to a building or parts of a building. Carcassing

timber is rarely seen after the completion of the building.
Casement – A frame in a window that can be opened.
Cellulose – A substance that forms the essential part to the solid framework of wood.
Centre – Temporary support when constructing an arch.
Charring – The production of charcoal by the partial burning of wood.
Chimney – A structure, normally in brickwork that protrudes through the roof and provides

a means for the products of combustion from open fires or boilers to be vented to the
atmosphere.

Cill or sill – The bottom of an opening (usually a window opening; see threshold for doors).
Close couple roof – A roof similar to a couple roof but having a ceiling joist to tie the rafters

together at their base.
Cold bridge – The ability of a material to readily conduct heat from the inside to the outside of

the building.
Collar roof – A roof similar to a close couple roof but having the ceiling joists raised up the roof

to provide extra height to the upper storey.
Combed joint – A joint used in door and window frame construction to connect members

together. It comprises a number of interconnecting ‘teeth’.
Compartmentation – The division of a building into a number of fire-resisting compartments to

reduce the spread of fire in the building and also to provide a safe means of escape from the
building in the event of a fire.

Coniferous – A tree that bears cones and normally retains its foliage throughout the year.
Coniophora Puteana, formerly known as Coniophora Cerebella – A species of fungi that is

commonly the cause of wet rot in timber.
Coping – The capping to a parapet.
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Counter batten – A length of timber of similar size to a tiling batten but running up the slope
of the roof at similar spacing to that of the rafters, to enable the tiling battens to be raised
above the surface of the sarking felt where roof boarding has been placed over the rafters.

Couple roof – A simple pitched roof comprising rafters bearing on wall plates at their feet and
a ridge board at their heads.

Cover – The thickness of concrete in a structural member that protects the steel reinforcement
from the effects of fire and corrosion.

Crazing – The formation of very fine cracks in the surface of glazed ceramic tiles or plaster.
Curing – The process of setting and hardening in concrete.
Dado rail – The capping used on timber panelling that is terminated approximately 1 m above

the floor level.
Deciduous – A tree that sheds its leaves each year.
Dew point temperature – The temperature at which a quantity of air becomes saturated by a

quantity of water vapour.
Dimensional coordination – The standardisation of dimensions for components in a building that

is agreed amongst the manufacturers, allowing similar components from differing manufac-
turers to be interchanged for incorporation into a building.

Door set – An internal door supplied already hung in its frame.
Double lap tiling – Roof tiles that require an overlap at their heads and bonding at their sides.
Double roof – A roof having the rafters supported at mid-span by purlins.
Dragline – A machine that can excavate large quantities of soil at large distances or depths from

the machine.
Dry lining – An internal finish that does not use wet materials. Normally plasterboard is used.
Dry rot – Species of fungi that feed on damp rather than wet timber.
Dual pitch – A roof pitched or sloping on two sides.
Ductility – The property of a material that can be bent without cracking.
Eaves – The edge of a roof where a rainwater gutter is normally situated.
Edge trim – A strip of metal, usually aluminium, fixed to the edge of a flat roof and into which

the mastic asphalt or bituminous felt roof covering is dressed.
Efflorescence – A white powder that can appear on the surface of clay bricks. It is caused by

soluble salts being brought to the surface of the bricks by moisture as it evaporates.
Elasticity – An engineering term used for materials that will deform under load but will return

to their original shape when the load is removed.
Emissivity – The radiating power of heat from a material such as glass in a window.
Fascia board – A board, normally of timber, that covers the ends of the joists or rafters in a roof

at the eaves or verge.
Fenestration – The architectural styling and disposition of windows within the façade of a

building.
Fines – Aggregate that has a particle size of less than 5 mm.
Flanges – The top and bottom horizontal sections to an I section beam.
Flashing – A strip of malleable and impervious material, usually sheet metal such as lead or

copper, used to cover and weatherproof the gap between the roof covering and a projecting
feature such as a chimney stack.

Flight – A series of continuous steps that are not interrupted by a landing.
Flintlimes – Bricks that are made from a combination of flint aggregates and lime.
Fluxes – A substance used to aid the fusion of ceramic materials by heating them during

manufacture.
Folding wedges – Wedge-shaped pieces of timber that provide fine adjustment and tightening

of props or trench struts to ensure that the load is safely transferred.
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Formwork or shuttering – A temporary framework or platform, normally constructed of timber,
that supports the wet concrete in its final shape whilst it is gaining sufficient strength to be
self-supporting.

Frass – The refuse left behind by the larvae of boring insects.
Frog – An indentation in the top face of a brick that reduces its weight and speeds up the hard-

ening process in the kiln.
Furrings – Galvanised mild steel channel sections that can be used in preference to timber

battens for fixing plasterboard dry lining to walls.
Gable end – The end of a building that is not covered by the roof structure. The gable wall is

built up to the underside of the roof covering.
Gable ladder – A support to the bargeboard at the gable end of a pitched roof.
Gauge – The spacing between tiling battens. The gauge also determines the head lap of the roof

tiles.
Glazier’s sprigs – Small tacks that hold the glass into the timber casement rebate prior to the

application of putty.
Going – The useable part of the tread. Generally the distance between nosings.
Grading – The arrangement of soils or aggregates by particle size.
Granolithic – A hardwearing floor finish containing a granite aggregate. Usually applied as a

monolithic screed.
Grounds – Timber battens used to provide a straight and level surface for the fixing of wall

strings, skirtings or rails used in wall panelling.
Grout – The fine mixture of water, cement particles and very fine aggregate particles that form

on the surface of concrete when it has been placed and compacted.
Gypsum – A mineral that consists of a crystalline combination of calcium sulphate and water,

used in the manufacture of plasters and some cements.
Half-space landing – A horizontal platform between flights that turns the stairway through 180º.
Handrail – A protecting and safety member usually positioned on the outside of a stairway. It

can also assist people who need support when ascending and descending the stairs.
Hanger – A timber member fixed to the binder at its foot and the ridge board at its head.
Head – The horizontal top member in a door or window frame.
Head plate – The top member in a timber framework.
Header face – The end face of a brick.
Headroom – The vertical distance between the pitch line of the flight of a stairway and the

underside of the floor, landing or flight above.
Herringbone strutting – 40 x 40 mm diagonal braces placed between joists in upper floors to

act as horizontal restraint to prevent twisting of the joists in their length due to moisture
movement.

Hipped roof – A roof pitched or sloping on three or four sides.
Humidity – A measure of the amount of water vapour held in suspension by the air.
Hydration – The process of cement setting and hardening.
Hygroscopic – Materials that are sensitive to moisture and which can raise or lower their mois-

ture content relative to the prevailing humidity level of the surrounding environment.
Hyphae – White strands emanating from the spore of a fungus that spread across affected

timber and feed on its cellulose.
Inclined struts – Support to purlins to prevent excessive deflection.
Integrity – A rating that is related to the ability of a door to resist the passage of flame for the

designated period of fire resistance for the category of the door.
Interstitial condensation – The condensing of water vapour into water droplets within the

structure of the building.
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Intumescent strip – A material that can be added to the edge of a fire door or its associated
frame, which swells when subjected to a high temperature. This seals the gap between the
door and the frame thus preventing the passage of smoke, flames and hot gases.

Isolating membrane – A material generally used in flat roof construction to separate the mastic
asphalt or sheet metal roof covering from the timber deck or the concrete slab of the roof
construction. This allows differential movement between the covering and the roof structure
to occur without causing stresses in either material.

Jamb – The vertical side member in a door or window frame.
Jute – A plant fibre that can be woven into a material and used as the backing for linoleum.
Jute scrim – A strip of fabric used to reinforce the joints between sheets of baseboard plaster-

board and prevent cracking in the skim coat of plaster applied as a finish to the surface of
the plasterboard.

Kentledge – Heavy static weights that are placed on top of a pile to test its loadbearing capacity.
Keratin – An animal protein incorporated into Class B plasters to slow down their setting time.
Keystone – The brick or stone at the centre of an arch.
Laitance – A fatty substance present in cement grout that can be brought to the surface when

cement-based renders are overworked. Its presence on the surface of smooth renders can
lead to the surface developing very fine cracks or crazing.

Laminas – Thin sections of timber that can be glued together to form a larger section, which are
often used in the manufacture of laminated timber beams or laminboard.

Landing – The horizontal platform between flights in a stairway.
Latex – Unrefined rubber.
Lean to roof – A monopitch roof in which the rafters span between an abutment wall at their

heads and a supporting wall at their feet.
Ledges – Horizontal timbers used in matchboarded door construction to clamp the battens of

the door panel together.
Life cycle costing – The total cost of a component over its entire life cycle including projected

maintenance and replacement costs as well as the initial purchase and installation cost of the
product.

Lignification – The process of producing lignin.
Lignin – An organic substance forming the essential part of wood fibre.
Lintel or lintol – A concrete or steel beam that carries the wall above over an opening.
Lipping – A thin strip of timber fixed at the edges of a door to protect them from damage and

to provide a tolerance for planing the doors to fit the frame or door lining when the doors
are hung into position .

Mansard roof – A roof where the lower portion is pitched at a steeper angle than the upper
portion.

Modular coordination – The standardisation of incremental dimensions for components in a
building that is agreed amongst the manufacturers.

Module – A standard unit of measurement used in the sizing of components to provide incre-
mental variations in size within the range.

Modulus of elasticity – The ratio of stress to strain that provides a measure of the elasticity of a
structural material.

Mohr’s circles – The plot of principal stress against shear stress of a soil sample tested in a tri-
axial test apparatus. This provides a measure of the shear strength of the soil sample being
tested.

Monopitch – A roof pitched or sloping on one side only.
Mortar – A mixture of cement, sand and usually lime with water that provides the bedding for

bricks, blocks or stones in the building of a wall.
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Mortice and tenon joint – A joint between two timber components. The tenon is a thin
projection from one of the members being joined that fits into a sinking of similar size (the
mortice) in the other timber member being joined.

Mullion – A vertical sub-dividing member in a window frame.
Mycelium – A mass of hyphae resembling in appearance a ball of cotton wool.
Nail plate connectors – A galvanised metal plate used to connect timber members together in a

prefabricated trussed rafter.
Neoprene gasket – A synthetic rubber material that is used to fit glazing into aluminium and

PVCu window and door frames, usually in the factory.
Newel post – A member in a staircase that houses the outer string and supports it.
Node points – The points at which members in a trussed rafter are connected together.
Nogging – A short piece of timber fixed between vertical timber studs in an internal partition

wall or between joists in an upper floor in order to stiffen the construction.
Open riser stair – A staircase that does not use risers to form the steps.
Parapet – The part of a wall that protrudes above the roof.
Parenchyma – Brick-shaped food storage cells found in softwoods and hardwoods.
Party wall – A shared wall between properties in semi-detached or terrace housing.
Perpend – The vertical joint between adjacent bricks.
Photosynthesis – The conversion by plants of carbon dioxide and water into carbohydrates

brought about by exposure to sunlight.
Pile – A concrete foundation that extends into the ground and can carry the load of a building

to a suitable bearing stratum. Also the loops in a carpet forming the nap or surface finish.
Pitch – The angle of inclination of the stairs .
Pitch line – A notional line connecting the nosings of all the treads in the flight of a stairway.
Planking and strutting – The method of supporting the sides of an excavation. Traditionally

timber has been used for this purpose.
Planted stop – A piece of timber that is fixed to the jamb of a door frame or door lining and

onto which the door closes.
Plaster of Paris – A quick setting plaster useful for repair work.
Plasticisers – An admixture that can be added to mortar or cement mixes to improve their work-

ability.
Plies – Veneers of timber that can be glued together to form a strong and dimensionally stable

board.
Poling boards –Vertical boards placed against the sides of an excavation to support them.
Profile boards – Boards to indicate the position of trenches on a site.
Protoplasm – A semi-fluid and semi-transparent consisting of oxygen, hydrogen, carbon and

nitrogen, along with traces of other elements, providing the physical basis of life in all plants
and animals.

Pug mill – A machine that mixes in water with excavated clay to increase the plasticity of the
clay so that it may be moulded into bricks.

Pulverised fuel ash – A by-product from coal-fired power stations. It has similar setting charac-
teristics to cement and can be added to some concrete mixes to reduce the amount of
cement used.

Purlin – A timber member supporting the rafters at mid-span to prevent excessive deflection.
Quarter space landing – A horizontal platform between flights that turns the stairway through 90º.
Quoin – An external corner of a building.
Racking – The dropping out of square of a frame.
Rafter – The principle loadbearing member in a pitched roof. It performs a similar function to

that of a joist in floor or flat roof construction.
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Raking struts – A means of supporting walings, poling boards or runners in an excavation where
the distance between opposite sides of the excavation is too large to use a conventional
horizontal strut.

Reinforced concrete – Concrete that contains a material (usually steel) that has high tensile
strength and which can work in combination with the concrete to produce a structural mate-
rial that has good resistance to compressive, tensile and shear forces.

Render – A mixture of cement and sand and often lime that is applied to the external surface of
a wall.

Rhizomorphs – Thin strands emanating from the mycelium and conveying moisture to previously
unaffected timber, making it suitable for attack by the hyphae.

Ridge – The top of a pitched roof.
Ridge board – A timber member providing a fixing for the rafters at their heads.
Rise – The vertical distance between two consecutive treads in a stairway.
Riser – The vertical component of a step.
Rising butt hinges – Hinges that have a spiral knuckle allowing the door to rise as it opens

so that it can clear the floor finishes easily. Because the flap of this hinge that is fixed to
the door can be lifted off the central pin holding the two flaps of the hinge together, this
hinge is often used on doorsets enabling the door to be removed from its frame prior to
installation.

Rolled steel joist (RSJ) – A small structural steel beam used to carry relatively heavy loads over a
small span.

Rough bracket – A piece of timber that is fixed to the underside of a tread in a staircase to pro-
vide extra support, particularly at mid-span. It is fixed to a bearer that runs the length of the
flight beneath the staircase.

Runners – Boards placed against the sides of an excavation to support them. Their ends are
driven into the ground below the excavation to provide further support.

Sacrification – The process of over-sizing structural timber members so that, should a fire occur,
the extra sacrificial timber will be consumed by the fire and this will not affect the functioning
of the structural timber member.

Sandlimes – Bricks that are made from a combination of sand and lime.
Sap – A fluid mainly consisting of water and containing essential minerals to feed the tree .
Sarking felt – A secondary weatherproof barrier on pitched roofs. Usually this is a bituminous

felt reinforced with hessian.
Scarf joint – A joint used to join rafters or purlins together in their length.
Scribing – Cutting one member to fit the profile of another where they join.
Seasoning – A technique for reducing the moisture content of recently converted timber to

levels that are appropriate for its end use.
Segregation – The separation of coarse and fine aggregate particles that may occur if concrete

is poured from a great height when being placed. The resulting concrete is not the homo-
geneous mix that is desired and its properties may be impaired.

Serpula Lacrymans, formerly known as Merulius Lacrymans – A species of fungi that is com-
monly the cause of dry rot in timber.

Sheathing – Plywood sheeting fixed to the exterior of a timber frame panel.
Sheeting boards –Horizontal boards placed against the sides of an excavation to support them.
Single-lap tiling – Roof tiles that require an overlap at their heads but use an overlapping joint

at their side or a patent edge fixing to adjacent tiles so that they do not need to be bonded
at the sides.

Sintering – The fusing together of particles of material, usually by heat.
Skew nailing – Nailing at an angle and not perpendicular to the member being fixed.
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Skirting board – A decorative piece of timber used to cover the joint between the wall and the
floor.

Slenderness ratio – The ratio between the effective height and the effective thickness of a
structural member in compression (generally a wall or column). A high slenderness ratio can
lead to buckling in the member when it is loaded .

Soffit – The underside of a structure. In floors and roofs this is normally referred to as the ceiling.
Soffit board – A board, normally of timber, that covers the underside of exposed joists or rafters

in a roof at the eaves or verge.
Sole piece – A large piece of timber that supports the raking strut at its base.
Sole plate or base plate – A timber member usually positioned at ground level, onto which

timber frame panels are fixed.
Spalling – The breaking up of the surface of a brick, generally caused by the action of frost on

clay bricks.
Split ring connector – A galvanised metal ring used to connect timber members together in a

prefabricated truss. The ring is split to enable the members to move relative to each other
but still remain connected.

Split spoon sampler – An apparatus used to establish the relative density of a soil in situ.
Sporophore – The fruiting body of a fungus.
Sprocket – A timber member that is used to support the underlay in a pitched roof and also

enables the last course of tiles to be raised so that they can drain into the rainwater gutter.
Stairwell – The space that a stairway occupies in a building.
Stretcher face – The side face of a brick.
String – A member in a staircase that houses the treads and risers in a stairway and supports them.
Struts – A supporting member placed across an excavation to support the poling boards or

sheeting boards and prevent them from collapsing inwards by the pressure of the earth in
the sides of the excavation. The member is in compression and the term may also be applied
to other members in a structure that are subject to compression forces, particularly in a roof.

Stucco – A mixture of lime, sand and linseed oil that was used as an external finish to walls in
the eighteenth and nineteenth centuries.

Stud – A vertical timber member used in a timber framework.
Stud partitions – A framework of timber or light galvanised steel members with plasterboard

facings to produce a lightweight internal wall that is usually non-loadbearing.
Surface condensation – The condensing of water vapour into water droplets on cold surfaces of

the building.
Tapered treads or Winders – Treads that turn the stairway through an angle. They are narrower

on one side than the other.
Terrazzo – A decorative floor finish containing a marble aggregate. Usually applied as a mono-

lithic screed.
Threshold – The bottom member of a door frame, similar to the sill in a window frame.
Throat – A groove on the underside of a cill member or the back of a jamb member to prevent

water from travelling across the member by capillary action.
Tie – A structural member in tension.
Toothed plate connector – A galvanised metal plate used to connect timber members together

in a prefabricated truss .
Torque – The twisting or rotating force applied to an object.
Tracheid – A pod-like cell used for the conduction of sap in wood.
Transom – A horizontal sub-dividing member in a window frame.
Traveller – A rod of a predetermined length that, when used with profile boards, enables the

depth of a trench to be ascertained.
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Tread – The horizontal component of a step.
Tricalcium aluminate – A chemical component of cement that can make concrete susceptible to

attack by soluble sulphates if the amount present in the cement is too great.
Triple roof – A roof having the purlins supported by a prefabricated truss at every fourth set of

rafters.
Truss plates – A galvanised metal plate that fixes a trussed rafter to the wall plate.
Trussed rafter – The arrangement of timber sections in a factory into a structurally stable roof

truss.
Trussed rafter roof – Self-supporting prefabricated trusses that span between wall plates and dis-

pense with purlins, ridge board, hangers and binders.
Undercloak – A board used at the verge to a pitched roof to support the mortar filling to the

underside of the roof tiles.
Underlay – A sheet material, usually of rubber or felt, used as a base layer for carpets that do

not have a latex backing.
Valley roof – A roof where two sloping surfaces meet at an internal intersection.
Vapour barrier – A layer of impervious material that will prevent the passage of water vapour

across it. It can be 100 per cent efficient as it will be continuous and unbroken.
Vapour check – A layer of generally impermeable material that can be used to reduce the pas-

sage of water vapour across it. It cannot be considered to be 100 per cent impervious to the
passage of water vapour as it may be punctured by nails or staples used to fix it or other
materials to the structure.

Veneer – A thin slice of timber often used to provide a decorative effect to wood products.
Ventlight – A top hung window casement providing a small amount of ventilation when

required.
Verge – The edge of a roof where a rainwater gutter is not situated.
Vitrification – The creation of a glass-like substance by heating certain ceramic materials.
Voussoirs – Wedge-shaped bricks used in the construction of gauged arches.
Vulcanising – The treatment of natural rubber with sulphur and subjecting it to intense heat to

improve its strength, wear resistance and durability.
Wainscoting – Timber panelling generally up to a height of approximately 1 m above the floor

level.
Walings – A member, usually timber, that is placed across the face of a series of poling boards

or sheeting boards in order to spread the support from the struts.
Wall plate – A timber member providing a fixing for rafters or joists on the supporting wall.
Warping – The twisting or bending out of shape of timber.
Water bar – A galvanised mild steel bar incorporated into a cill or threshold to prevent rainwater

from running across the top surface of the member and entering the building. Also a rubber
section used in waterproof concrete construction to prevent water entering a basement
through the joint between concrete wall or floor sections.

Weatherboard – A sloping member fixed to the bottom member of a door to throw water that
has run down the face of the door clear.

Weatherstripping – The addition of a thin layer of compressible material to the edges of an
opening window casement or door to improve its draught exclusion capability. It can also
reduce the amount of heat lost and sound transmitted through the gap between the window
casement or door and its associated frame.

Web – The middle vertical section of an I section beam.
Weepholes – Apertures formed in the vertical mortar joints of a cavity wall to enable trapped

moisture to be drained to the outside.
Wet rot – Species of fungi that feed on wet timber, often also referred to as cellar rot.
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Window board – A timber or plastic board that covers the inner part of the wall at the cill and
is joined to the back of the bottom section of the window frame.

Workability – The ability of a concrete mix to be mixed, transported, placed and compacted
effectively so that the concrete may achieve its intended purpose.

Yarn – Fibre spun for use in the weaving of carpets.
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fascia board 143, 257
fenestration 182, 257
fibre board 119–120
fines 257
finger and kicker plate 213
fire doors 205–207
fire resistance 5, 201; blocks 73; bricks 68;

concrete 44; doors 201; external wall 89;
external wall finishes 248; flat roof construction
142; ground floor 121; internal door 201;
internal walls and partitions; stairs 214; timber
112, 180

fire tests 5
fireline plaster board 226
firrings 143, 144, 145, 148
flanges 257
flashings 172, 257
flat drawn glass 196
flat roof construction: functional requirements

139–142; hollow suspended timber construction
142–144; interstitial condensation, combating
146–150; solid suspended concrete slab
construction 144–146

flat roof coverings: bituminous felt 152; mastic
asphalt 151–152; sheet metal coverings
153–154; solar radiation 155

Flemish bond 95
Flemish garden wall bond 96
flexible dpc materials 82–83
flight 218, 257
flint limes (see also calcium silicate brick) 257
float glass 196
floor decking 136–137
floor finishes 238; bonded screeds 238–239; floor

covering 241–243; floor screeds 238; un-
bonded screeds 239–241

flush doors 203–205
fluxes 257
foamed blastfurnace slag 49
folding wedges 100, 101, 257
formwork 145, 258
foundations 31; choice 31–33; deep foundation

40–41; shallow foundation 33–40; trees, effects
of 41–42

fracture 196
frame cramp 195
framed, ledged and braced door 208
framing, upper floor joist 133–134
frass 115, 258

frog 63, 258
full sheeting 27
functional requirements see appearance; damp

penetration; durability; fire resistance; quality;
sound insulation; strength and stability; thermal
insulation; weather resistance

fungal attack 113–115
furnace clinker 49
furrings 245, 258

gable ends 156, 258
gable ladder 163, 258
gauge 167, 258
general earthmoving 21–23
Georgian wired glass 196
Glasroc Board 226
glaze 244
glazier’s spring 197, 258
glazing 182, 187, 188, 196; with beads 197;

multiple glazing 184–185, 186; with neoprene
gaskets 197; with putty 197; types 196–197

going 215, 216, 217, 258
grading 12, 50, 51, 110, 258
grain 106
granolithic flooring 241, 258
groove 192, 202
ground floor: functional requirements 121–122;

solid floor construction 122–125; suspended
floor construction 125–129

ground type 11–15
grounds 258
grout 258
growth rings 106
Gypsum 222, 258

half bat brick 95
half sheeting 28
half-space landing 215, 258
handrail 218, 219, 258
hanger 76, 132, 135, 258
hardcore 122, 123
hardwoods 105, 106
head 96, 258
head plate 178, 258
header face 63, 258
headroom 218
heartwood 106, 258
heat loss 186
Hemi Hydrate Gypsum Plaster see Plaster of Paris
herringbone strutting 138, 258
high alumina cement 47
hinges 211
hipped roof 163, 258
hollow suspended timber construction 142–144
horizontal rain penetration resistance, in external

wall 81–82
hot and cold open tank method 118
house longhorn beetle 116
housed joint 134

Index 271



humidity 146, 258
hydration 51, 258
hydrophobic cement 46
hygroscopic 109, 258
hyphae 114, 258

igneous rocks 11
in situ covering 241
inclined struts 158, 258
insect attack 115–116
integrity test, for doors 206, 258
internal doors, functional requirements 201
internal finishes 235; comfort and safety 236–237;

floor finishes 238–243; maintenance 237;
physical attributes 237; wall finishes 243–246

internal walls and partitions: functional
requirements 227–228; light weight partitions
232–234; separating walls 230–231; solid
partitions 228–229

interstitial condensation 146–150, 258
intumescent strips 206, 259
inverted roof design 149–150
isolating membrane 259

jamb 259
joists: sizing of 130; strutting to 137–138; support

to 131–132; types 133–134
jute 259
jute scrim 246, 259

Keenes Plaster 223
kentledge 259
Keratin 223, 259
keystone 97, 259
kiln seasoning 109–110

laitance 259
laminas 135, 259
laminate 243
laminated glass 196
laminated timber 135
laminboard 119
landing 218, 259
latch 212, 225
latex 242, 259
lead 82
lean to roof 164, 259
ledges 207, 208, 259
ledged and braced door 208
ledged doors 207
letter plate 212
life cycle costing 7, 200, 259
lightweight aggregate 48–49
lightweight partitions 232; bonded sheet partitions

233–234; steel stud partition 232–233; timber
stud partition 232

lignification 259
lignin 105, 259

linoleum 241
lintel 96–97, 259
lipping 205, 259
live loading 2
loadbearing capacity: cohesive soil 14; non-

cohesive soil 13; of rock 12
load bearing partitions 227, 229
lock 212
low-heat Portland cement 46

mansard roof 259
masonry wall, between independent panels 231
mastic asphalt 58–59, 83, 151–152, 155, 241
matchboarded doors 207–208
Merulius Lacrymans see Serpula Lacrymans
metal frames 185
metamorphic rocks 11
modified timber casement window 190–191
modular coordination system 183, 259
module 183, 259
modulus of elasticity 259
Mohr’s circle 259
moisture 17
monopitch 164, 259
mortars 92–93, 259
mortice and tenon joint 201, 208, 260
Mositure Resistant Board 226
moulded panel door 204, 205
multiple glazing 185–186
mullion 260
mycelium 114, 260

nail plate connectors 161, 260
neoprene gasket 188, 188, 197, 260
newel post 219, 260
node points 260
noggings 132, 260
non-cohesive soils 12–13; loadbearing capacities

13
nosing 216

obscured glass 196
Odeometer 18
one-eighth sheeting 28
open riser stairs 216, 260
open sheeting see one-eighth sheeting
openings, in wall: cill 104; head 96–101; reveals

102–104
ordinary Portland cement 45
organic soils 15
organic solvent preservatives 117

panelled doors 201–203
Pantiles 170
parapet 83, 260
parenchyma 105, 106, 260
parquet 243
particle board 119
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party wall 85, 230, 260
pebble dash rendering 250
perpend 260
Phellinus Contiguus 115
photosynthesis 105, 260
piles 40, 56, 260
pitch 217, 260
pitch line 217, 260
pitch polymer 83
pitched roof construction: closed couple roof

157–158; couple roof 156–157; double roof
158–160; hipped roof 163; lean to roof 164;
triple roof 160; trussed rafter roof 161–163;
valley roof 163; ventilation 164–165

pitched roof coverings 166–172; clay tiles
169–170; concrete tiles 171; flashings 172;
slates 167–169; special tiles 171

pith 106
Plain tiles 169–170
Plank 225
planking and strutting 27, 260
planted stop 260
Plaster of Paris 222, 260
plasterboard 224; types 225–226
plasters: application 224–225; composition and

types 222–224; expanded metal lathing 224
plasticizers 260
Plasticity Index 17
plate bearing test 17
platform frame 175
plies 119, 260
plywood 119
poling boards 260
polished plate glass 196
polythene 83
Polyvinyl acetate emulsion (PVAC) 224
Polyvinyl chloride (PVC) 241
Portland blastfurnace cement 45
Portland cement 44–46; chemical component 45;

compressive strength 46
post and beam 177
precast concrete lintel 96, 97
preservatives, of timber 116–118; application 118;

organic solvent preservatives 117; tar oil
preservatives 117; waterborne 
preservatives 117

pressed steel lintels 96, 99
pressure impregnation 118
profile board 20, 260
protoplasm 260
pug mill 260
pulverised fuel ash 49, 260
pumice 49
purlin 158, 160, 260
PVCu 188, 194, 195, 200, 209

quality 8
quarry tile 242

quarter sheeting 28
quarter space landing 215, 260
queen closer 94
quoin 260

racking 260
raft slab foundation 39–40
rafter 260
raking struts 54, 261
rapid hardening Portland cement 45
rays 106
reinforced concrete 40, 44, 261
render 261
rendering: application 249; background, bond to

249; building exposure degree 249; mix design
248; surface texture 249–251

Retarded Hemi Hydrate Gypsum Plaster see Thistle
Plaster

reveals 102–104
rhizomorphs 114, 261
ridge 169, 261
ridge board 261
rigid dpc materials 83
rise 261
riser 216, 261
rising butt hinge 210, 211, 261
rising damp resistance, in external wall 82; damp

proof course (dpc) 82–83
rock 11; loadbearing capacities 12; types 11
rolled steel joist (RSJ) 133, 261
Roman tiles 170
roof see flat roof construction
rough arch 97, 98
rough brackets 261; and bearers 220
rough cast rendering 250
runners 54, 261

sacrification 112, 261
sand limes (see also calcium silicate brick) 261
sap 261
sapwood 106
sarking felt 166, 261
scarf joint 160, 261
screeds 238; bonded screeds 238–239; floor

screeds 238; un-bonded screeds 239–241
scribing 261
seasoning 108–110, 261; air seasoning 109; kiln

seasoning 109–110
security, functional requirement for 

window 183
sedimentary rocks 11
segregation 51, 261
self-closing device 213
semi-rigid dpc materials 83
semi-solid core door 203, 204
Serpula Lacrymans 114, 261
setting out 19–20
shallow foundation 33–40
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shear box test 18
shear strength: of cohesive soil 17–18; of 

non-cohesive soil 18
sheathing 179, 261
sheeting boards 27, 261
sheet covering 241
sheet metal coverings 153–154; copper sheets

154; lead sheets 153
shrinkable soils 13
shrinkage cracks 248
shuttering see formwork
silent floors 135–136
sill plates see bottom plates
single-lap tiling 261
single-storey basements 52; construction methods

56; excavation methods 52–53; excavation
support methods 53–56; internal environment
classification 56–57; waterproofing methods
56–61

sintering 261
Sirapite Plaster 223
site investigation: desk study 9–10; physical/site

study 10–11
skew naiiing 261
skirting board 262
slate 83, 167–169
slenderness ratio 79, 262
sloping the sides, to angle of repose 53
smooth rendering 249
soffit 262
soffit board 143, 262
softwoods 105, 106
soil 11, 12; compressibility 32; loadbearing

capacity 34; types 12–15
soil investigation 15–18; auger 16; core sampler

16; laboratory testing 17–18; site testing 17;
trail pit 16

solar control glass 197
solar radiation 155
sole piece 262
sole plate 178, 179, 262
solid core door 203, 205
solid floor construction 122–125
solid masonry wall 230
solid partitions 228–229
solid suspended concrete slab construction

144–146
sound absorption 85
sound insulation 6–7, 186, 200, 201; blocks 73;

bricks 67; doors 200, 201; external wall 84–85;
flat roof construction 141–142; ground floor
122; internal doors 201; internal walls and
partitions 228; stairs 215; timber 112;
windows 186

Soundbloc plaster board 226
spalling 262
Spanish tiles 170
special tiles 171

split ring connector 262
split spoon sampler 262
sporophore 114, 262
spraying, timber preservatives 118
springwood 106
sprocket 262
stairs: Building Regulations requirement 215–219;

design 215; functional requirements 214–215;
straight flight timber stairs construction
219–221

stairwell 215, 262
standard penetration test 17
standard timber casement window 188–190
steel 187; windows 192–193, 194, 195, 196
steel frame construction 180–181
steel sheet piles, interlocking 56
steel stud partition 232–233
steeping, timber preservatives 118
stepped foundation 38
straight flight timber stairs construction 219–221
strength and stability 2–3; block 72; brick 66;

concrete 43; doors 200; external wall 75; flat
roof construction 140; ground floor 121;
internal walls and partitions 227; stairs 214;
timber 111, 178

stress grading 110–111
Stretcher bond 94
stretcher face 63, 262
strings 219, 262
strip foundation 33–36
strips 243
strong mix 248, 249
structural integral protection, basement water

proofing 60
structure borne sound 84
struts 262
strutting, to joist 137–138
stucco 81, 262
stud 262
stud partitions 227, 262
sub-soil 32, 37
sulphate attack 67, 68–69
sulphate-resisting Portland cement (SRPC) 45, 69
summerwood 106
sump 61
Superheated Anhydrous Gypsum Plaster see

Keenes Plaster
superimposed loading 2
supersulphated cement 47
surface condensation 147, 262
suspended floor construction: concrete ground

floor 127–129; timber ground floor 125–127
synthetic soils 15

tanked protection, basement water proofing
57–59

tapered treads 215, 217, 262
tar oil preservatives 117
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tee hinge 208, 211
terrazzo 239, 262
textured rendering 250
thermal and moisture movement: blocks 73; bricks

67; timber 111
thermal conductivity: blocks 73; bricks 67
thermal insulation 6, 183–184, 200; concrete 44;

doors 200; external wall 85–89; ground floor
122; timber 179–180; window 183–186

thermal resistance: roof 141; timber 112
thermoplastic 242
Thistle board finish 224
Thistle dri-coat 223
Thistle hardwall 223
Thistle Plaster 223
Thistle projection 224
Thistle renovating 223
Thistle universal one coat 224
Thistle X-ray 224
threshold 104, 209, 262
throat 262
throating 189
tie 161, 262
tile covering 242
tile hanging 251–252
timber 105, 185, 187; classification 105–106;

conversion 108; defects 110; fungal attack
113–115; insect attack 115–116; physical
properties 111–113; preservative treatment
116–118; products 118–120; seasoning
108–110; stress grading 110–111; structure
106–107

timber doors 200; fire doors 205–207; flush doors
203–205; matchboarded doors 207–208;
panelled doors 201–203

timber frame construction: advantages 173;
disadvantages 174; external wall finishes 179;
methods 175–177; precautions, against decay
179; structural stability 178

timber ground floor, suspended 125–127
timber horizontally pivoted window 191, 192
timber horizontally sliding window 191–192
timber strip flooring 243
timber stud partition 232
timber vertically sliding window 192, 193
timber/steel frame separating wall 231
tinted glass 197
tongued and grooved joints 136
toothed plate connector 262
topsoil 15
torque 262
toughened glass 196
tracheid 262
traditional strip foundation 33–36
transom 262
traveller 20, 262
tread 216, 263
trees, effects on foundation 41–42

trench excavation 23–25
trial pit 16
triaxial compression test 17–18
tricalcium aluminate 45, 68, 263
tricalcium silicate 45, 46
trimming joist 221
triple roof 160, 263
truss plates 162, 263
trussed rafter roof 161–163, 263
tusked tenon joint 135
tyrolean rendering 250–251

U value 85
ultra rapid hardening Portland cement 45
un-bonded screeds: floating screed 240–241;

unbonded construction 240
undercloak 171, 263
undercoats 249
underlay 166, 242, 263
United Kingdom 6, 62, 70, 106, 170, 175, 

188, 226
upper floors: double floors 133; floor decking

136–137; framing 133–134; joints 134–135;
joists 130–134, 137–138; silent floors 135–136

valley roof 163, 263
vane test 17
vapour barrier 148, 149, 263
vapour check 148, 179, 263
veneers 108, 119, 263
ventilation 1, 127, 129, 147, 148; in pitched roof

construction 164–165
vent light 263
verges 144, 263
vertical dpc 194
vertical rain penetration resistance, in external wall

83–88
vitrification 263
volumetric units 177
voussoirs 101, 263
vulcanizing 263

wainscoting 244, 263
walings 27, 263
wall (see also external walls; internal walls):

bonding 92–96; openings 96–104
wall panelling 244
wall plate 126, 156, 163, 263
wall tiling 244
Wallboard 225, 226
warm deck design 148–149
warping 263
water absorption: in blocks 72, 72–73; in 

bricks 66
water bar 191, 263
water penetration, reducing 4
water repellent cement 46
water : cement ratio 50–51
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waterborne preservatives 117
waterproofing methods, in single-storey basements

56–61
weak mix 248, 249
weather resistance 4–5, 183, 199; door 199;

external wall 80–84; external wall finishes 247;
flat roof construction 140; windows 183

weatherboard 202–203, 252–254, 263
weatherstripping 186, 200, 263
web 263
weepholes 84, 263
Welsh slates 167
Westmoreland slates 167
wet rot 114–115, 263
white Portland cement 46
white stone chipping 155

wide strip foundation 36–37
window board 264
windows: aluminium 187–188, 193–194; fixing

196; functional requirements 183–186;
furniture 197–198; and glazing 182, 196–197;
modified timber casement window 190–191;
PVCu 188, 194; standard timber casement
window 188; steel 187; steel casement
windows 192–193; timber horizontally pivoted
window 191; timber horizontally sliding window
191–192; timber vertically sliding window 192;
timber 187; types 189–190

wood block 243
workability, of concrete mix 51, 264

yarn 242, 264
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