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*  PREFACE

Since the previous edition, reprint opportunities have permitted some amendments to
include new procedures resulting from legislative and practice changes. This edition
develops these further, with greater attention to information and detail. It also addresses
many more recent issues, especially aspects of the Building Regulations that now require
housing to be designed and built to more environmentally responsible and thermally
efficient standards. These include reducing fuel energy consumption of heating and hot
water equipment and the establishment of continuous insulation about the building
envelope. Reference is also provided for carbon emission assessment relative to the fuel
efficiency construction of dwellings.

Notwithstanding contemporary requirements, some well established building
practices and techniques described in previous editions are purposely retained. These
remain a valid reference to existing building stock.

Human rights issues are considered with regard to building designers and owners
responsibilities for providing accessibility for the disabled. The implications of the
Disability Discrimination Act and the associated Building Regulations for new dwellings
are outlined in a new chapter containing basic provisions.

As with previous editions the content is neither extensive nor prescriptive, space
would never permit inclusion of every possible means for constructing buildings.
However, the content is generally representative and details and explanations typical
of adopted procedures. Allowance should be made for regional traditions, material
resources and local standards.

The original concept of providing supplementary lecture support material for
students of construction is maintained. This book should be read in conjunction with
experiential learning in the work place or by observation. Further study of associated
legislation, practice guidance papers, product manufacturer’s literature and specialised
text is encouraged.

In conjunction with this edition’s companion volume, Advanced Construction
Technology, the reader should gain an appreciation of the subject material to support
progression through technical, academic and professional qualifications.

Roger Greeno
Guildford 2005



PREFACE TO THIRD EDITION

Roy Chudley’s Construction Technology was first published in four volumes,
between 1973 and 1977. The material has since been continuously updated through
numerous reprints and full second editions in 1987. The books have gained a
world-wide readership, and their success — and their impact on construction
education — is a tribute to Roy Chudley’s experience in further and higher
education and his talents as a skilled technologist, illustrator and writer.

As a former colleague, it has been a privilege to once again work with Roy, on
this occasion revising his original work, and compiling the material into two books:
Construction Technology and Advanced Construction Technology. The content forms a
thorough study for all students of building, construction management, architecture,
surveying and the many other related disciplines within the diverse construction
profession.

The original presentation of comprehensive text matched by extensive
illustration is retained. Changes in legislation, such as the Building and
Construction Regulations, have been fully incorporated into the text; however,
as much of the original work as possible has been purposely retained as it contains
many relevant examples of existing construction. Additional material discusses the
new developments and concepts of contemporary practice.

The two new volumes are complementary, as many of the topics introduced here
are further developed in Advanced Construction Technology. Together the books
provide essential reading for all students aspiring to management, technologist and
professional qualifications. They should be read alongside the current local building
regulations and national standards, and where possible supplemented by direct
experience in the workplace.

Roger Greeno
Guildford 1998



*  PREFACE TO SECOND EDITION

Note: This book is a combined and updated edition of Volumes 1 and 2 of
Roy Chudley’s original Construction Technology.

Volume 1

In writing this book it is not my intention to present a comprehensive reference
book on elementary building technology, since there are many excellent textbooks
of this nature already in existence, which I urge all students to study.

My purpose, therefore, has been to prepare in concise note form, with ample
illustrations, the basic knowledge the student should acquire in the first year of
any building technology course of study.

To keep the book within a reasonable cost limit I have deliberately refrained
from describing in depth what has been detailed in the drawings.

Building technology is an extensive but not necessarily exact subject. There are
many ways of obtaining a satisfactory construction in building, but whichever
method is used they are all based upon the same basic principles and it is these
which are learnt in building technology.

The object of any building technology course is to give a good theoretical
background to what is essentially a practical subject. With the knowledge acquired
from such a course, coupled with observations of works in progress and any
practical experience gained, a problem should be able to be tackled with confidence
by the time the course of study has reached an advanced level.

Another aspect of a course of this nature is to give sufficient basic knowledge,
over the whole field of building activities, to enable the technologist to hold and
understand discussions with other related specialists.

Volume 2
The aim of this second volume is to provide a continuity of study with the contents
of Volume 1, which dealt mainly with domestic building. The second year of a
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typical construction technology course will study further aspects of domestic
construction and introduce the student to framing techniques and materials. The
presentation is in the form of notes accompanied by ample illustrations with as
little repetition between notes and drawings as possible. It is also written with the
assumption that the reader has covered, understood and retained the technical
knowledge contained in a basic first-year course.

The depth of study presented in this volume is limited to the essential basic
knowledge required for a second-year construction technology course. The student
is therefore urged to consult all other possible sources of reference to obtain a full
and thorough understanding of the subject of construction technology.

Roy Chudley
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INTRODUCTION

There are two general aspects to the construction of buildings:

m conventional or traditional methods;
m modern or industrialised methods.

Conventional or traditional methods are studied in the first two years of most
construction courses, with the intention of forming a sound knowledge base
before proceeding to studies of advanced techniques in the final years. There is,
nevertheless, an element of continuity and overlap between traditional and
contemporary, and both are frequently deployed on the same building, e.g.
traditional brick facing to a prefabricated steel-framed commercial building or
to a factory-made timber-framed house.

Initial studies of building construction concentrate on the smaller type of
structure, such as a domestic dwelling of one or two storeys built by labour-
intensive traditional methods. Generally it is more economic to construct this
type of building by these methods, unless large numbers of similar units are
required on the same site. In these circumstances, economies of scale may justify
factory-manufactured, prefabricated elements of structure. These industrialised
methods are usually a rationalised manufacturing process used to produce complete
elements, i.e. floors, walls, roof frames, etc. in modules or standardised dimensional
increments of 300 mm.

Very few building contractors in the UK and other developed countries employ
many staff directly. They are therefore relatively small companies when compared
with the capital value of the work they undertake. This is partly due to the variable
economic fortunes of the construction industry and the need for flexibility. Hence
most practical aspects of building are contracted out to specialist subcontracting
organisations, e.g. bricklayers, electricians, carpenters, in response to the main
contractor’s work load. The main contractor is effectively a building management
company, which could be engaged on a variety of work, including major serial
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developments for the same client, maintenance work or aftercare programmes,
extensions to existing structures, or possibly just small one-off projects.

It is essential that all students of building have an awareness of the variable
methods of construction and application of materials in both traditional and
industrial practice, in order to adapt their career pattern to the diverse
expectations of the industry.

I THE BUILDING TEAM

Building is essentially a team process in which each member has an important
role to play. Figure 1 shows the organisation structure of a typical team for a
large project, and the function of each member is outlined below.

m Building owner The client; the person or organisation who finances and
commissions the work. They directly or indirectly employ all other personnel,
with particular responsibility for appointing the planning supervisor (usually
the architect) and nominating the principal contractor — see Construction
(Design and Management) Regulations 1994.

m Architect Engaged by the building owner as agent to design, advise and
ensure that the project is kept within cost and complies with the design.

m Clerk of works Employed on large contracts as the architect’s on-site
representative. The main function is to liaise between architect and main
contractor and to ensure that construction proceeds in accordance with the
design. They can offer advice, but directives must be through the architect.

m Quantity surveyor Engaged to prepare cost evaluations and bills of
quantities, check tenders, prepare interim valuations, effect cost controls, and
advise the architect on the cost of variations.

m Consulting engineers Engaged to advise and design on a variety of specialist
installations, e.g. structural, services, security. They are employed to develop
that particular aspect of the design within the cost and physical parameters of
the architect’s brief.

m Principal or main contractor Employed by the client on the advice of
the architect, by nomination or competitive tendering. They are required to
administer the construction programme within the architect’s direction.

m Contract’s manager or site agent On large projects, the main contractor’s
representative on site, with overall responsibility for ensuring that work proceeds
effectively and efficiently, i.e. in accordance with the design specification and
to time. Sometimes known as the general foreman, but this title is more
appropriate on small to modest-size contracts.

m Surveyor Employed by the main contractor to check work progress and
assist the quantity surveyor in the preparation of interim valuations for stage
payments and final accounts. May also be required to measure work done for
bonus and subcontractor payments.

m Estimator Prepares unit rates for the pricing of tenders, and carries out
pre-tender investigations into the cost aspects of the proposed contract.

m Buyer Orders materials, obtains quotations for the supply of materials and
services.
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manlager Accounts
Domestic Office staff
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Operatives

Figure 1 The building team.

Accountant

Prepares and submits accounts to clients and makes payments

to suppliers and subcontractors. May also have a costing department that
would allocate the labour and material costs to each contract to assist with the

preparation of accounts.
Administrator

Organises the general clerical duties of the contractor’s office

for the preparation of contract documents and payment of salaries, subcontractors’
and suppliers’ invoices, insurances and all necessary correspondence.

Assistant contract manager

Often a trainee,

in the process of completing

professional examinations. Assists with the general responsibility for
administering site proceedings.

Nominated subcontractor

Engaged by the client or architect for specialist
construction or installation work, e.g. lifts, air conditioning.

Domestic subcontractor Employed by the principal contractor to assist with

the general construction, e.g. ground workers, bricklayers.

Operatives
labourers.

The main workforce on-site; includes craftsmen, apprentices and

The size of the building firm or the size of the contract will determine the
composition of the construction team. For medium-sized contracts some of the
above functions may be combined, e.g. that of the surveyor and estimator.
Furthermore, many design-and-build practices have been created by combining
the professional expertise of architect, builder and consultants. The objective is to
improve communications and create better working relationships to provide the
client with a more efficient and cost-effective service.
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B LEGISLATION

Many statutes made by Act of Parliament affect the construction of buildings and
associated work. The most significant are:

The Health and Safety at Work etc. Act 1974,
The Building Act 1984;

The Disability Discrimination Act 1995-2004;
The Town and Country Planning Act 1990.

THE HEALTH AND SAFETY AT WORK ETC. ACT 1974

This requires employers or their agents to implement an overall duty of care
through a safe system of working. This applies to people in the workplace
and others who could be affected by the work activity. The Act provides an
all-embracing standard supporting a framework of statutory instruments or
regulations administered by the Health and Safety Executive (HSE) through
specialist inspectors operating from local offices. The inspectorate has powers to
access premises, review a company’s safety records, issue improvement and
prohibition notices and, if necessary, effect prosecutions for non-compliance.
The following are the principal statutory instruments made under the Health
and Safety at Work etc. Act. They are legally binding on the client, architect and
builder:

The Construction (Design and Management) Regulations 1994

Establish mutual responsibility between client, designer and builder for
matters pertaining to the health and safety of site personnel throughout the
duration of a construction project. The client has prime responsibility for
appointment of a ‘project coordinator’ (usually the architect) and a ‘principal
contractor’ (usually the main contractor), and for ensuring that both are
adequately resourced, competent, and sufficiently informed of issues relating
to the development.

The project coordinator

Main responsibilities are to notify the HSE of the project details, to ensure
cooperation between designers, to coordinate the design with regard to
avoidance of undue risks, to prepare a pre-tender health and safety plan and
manual for the client’s use for advice, and to provide updates on health and
safety issues.

The principal contractor

Responsibilities are mainly to ensure site personnel comply with the health and
safety plan, to develop and update it throughout the duration of the work, and to
exclude from site unauthorised and uninsured persons.
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The Construction (Health, Safety and Welfare) Regulations 1996

Establish objectives measured against assessment of risk, for the well-being

of personnel on a building site throughout the duration of work. The main areas
for assessment include: temporary timbering and other non-permanent support
facilities; safety barriers to excavations; air quality in the workplace; safe use of
doors, gates and other possible means of entrapment; defined traffic and pedestrian
routes; safe means of access to and egress from all workplaces, including special
considerations for scaffolds; and emergency lighting and power. Also, provision
must be made for welfare facilities, to include sanitation, hot and cold water supply,
first aid equipment/personnel, protective clothing, facilities to dry clothes, and
appropriate accommodation for meals. Implicit is good site management with
regard for organisation and planning.

Control of Substances Hazardous to Health Regulations 1994

Redress the balance in favour of health, since the introduction of the Health

and Safety at Work etc. Act has greater emphasis on safety. Manufacturing
companies are obliged to monitor and declare health risks of their products, and
building contractors must provide operatives with protective clothing and/or a
well-ventilated environment if required to use them. COSHH has promoted the
removal of harmful substances from materials, e.g. toxins, irritants and solvents,
but finding substitutes is not always possible. Timber preservatives, welding
fumes, dust from cement and plaster and insulating fibres are, as yet, a few of the
unavoidable harmful constituents in building materials. Where these are applied,
employers are obliged to monitor exposure levels, retain records, identify personnel
who could be at risk, and document the facilities provided for their protection.

The Manual Handling Operations Regulations 1992

Determine the employer’s responsibility to ensure that employees under their
control are not expected to undertake manual tasks that impose an undue risk of
injury. The client, or their agent the main contractor, must assess all manual
handling operations and reduce risk or injury or safety to the lowest practicable
level. This will be manifest in the provision of work systems, such as cranes and
hoists, that the employee is obliged to make full use of. Due regard must be
applied to:

m tasks space availability, manipulating distance, body movement, excess pulling
and pushing and prolonged physical effort;

m load unwieldy or bulky, eccentric, excessive, liability to shift, temperature and
sharpness of finish;

m work environment surface finish (slippery, uneven or variable), lighting,
ventilation and temperature variation;

m individual capacity unusual weight or dimension, health problems/
limitations, special training and provision of personal protective clothing.
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THE BUILDING ACT 1984

This is a consolidating Act of primary legislation relating to building work. It
contains enabling powers and a means for the Office of the Deputy Prime Minister
to produce building regulations for the outline purpose of:

B maintaining the health, well-being and convenience of people using and relating
to buildings;

m promoting the comfort of building occupants, with due regard for the
conservation of fuel and efficient use of energy within the structure;

m preventing the misuse of water, excessive consumption and contamination
of supply.

The building regulations or statutory instruments currently in place under the
Building Act are:

The Building Regulations applicable to England and Wales;
The Building (Approved Inspectors, etc.) Regulations;

The Building (Prescribed Fees) Regulations;

The Building (Inner London) Regulations;

The Building (Disabled People) Regulations.

The Building Regulations contain minimum performance standards expected of
contemporary buildings. They are supported by a series of Approved Documents
that are not mandatory, but which give practical guidance on compliance with
the requirements of the regulations. This guidance often incorporates British
Standard, Building Research Establishment, British Board of Agrément and
other authoritative references.

Control of the Building Regulations is vested in the local council authority.
However, a developer/builder can opt for private certification whereby the
developer and an approved inspector jointly serve an initial notice on the local
authority. This describes the proposed works, which the local authority can
reject (if they have justification) within 10 days of application. With this option,
the responsibility for inspecting plans, quality of work, site supervision and
certification of satisfactory completion rests with the approved inspector as
defined in The Building (Approved Inspectors, etc.) Regulations.

Building legislation is regionally divided throughout the UK, each area having its
own regulations:

m The Building Regulations applicable to England and Wales;

B The Building Standards (Scotland) Regulations;

m The Building Regulations (Northern Ireland);

®m The Building (Inner London) Regulations.

There are also statutory provisions for the Channel Islands, Isle of Man and the
Republic of Ireland.

Approved Documents

The current Building Regulations came into effect in 2000. They are constantly
under review in response to new and changing technologies, public demands
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and environmental directives. Therefore, since 2000 there have been numerous
amendments to the support series of Approved Documents. Those made under
the Regulations applicable to England and Wales are currently listed from A to T
(I, O and R omitted):

A — Structure;

B — Fire safety;

C — Site preparation and resistance to contaminants and moisture;,
D — Towic substances;

E — Resistance to the passage of sound,

F — Ventilation;

G — Hygiene,

H — Drainage and waste disposal,

J — Combustion appliances and fuel storage systems;

K — Protection from falling, collision and impact;

L1 — Conservation of fuel and power in dwellings;

1.2 — Conservation of fuel and power in buildings other than dwellings;
M — Access to and use of buildings;

N — Glazing — safety in relation to impact, opening and cleaning,
P — Electrical safety,

Q — Electronics communications services;,

S — Security systems; } Proposals only

T — Telecommunications systems.

There is another Approved Document made under Regulation 7 — Materials and
workmanship. This requires that any building subject to the Building Regulations
be carried out with proper materials and in a workmanlike manner.

The Approved Documents provide practical and technical guidance for
satisfying the Building Regulations. There is no obligation to adopt any of these,
provided the Building Regulations’ performance requirements are shown to be
satisfied in some other way. This may include European Technical Approvals,
British Board of Agrément certification, CE marking of products, and calculations
in accordance with acceptable structural standards for selection of components.

THE DISABILITY DISCRIMINATION ACT 1995-2004

This Act was introduced in three stages between 1995 and 2004. It is designed to
assist and benefit an estimated 8 million UK residents who suffer some sort of
disability. In principle, the Act requires that all new, adapted and refurbished
buildings be constructed with unobstructed access and facilities that can be used by
wheelchair occupants. This requirement extends to service providers and owners of
public buildings.

Building Regulations Part M — 2004

Part M and Approved Document M: Access to and use of buildings has been revised
in support of the Act. The Regulations provide design and practical guidance
for disabled user convenience in new and refurbished buildings. All new homes
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(houses and flats) are required to be constructed with sufficient accessibility and
use of facilities for disabled people. The objective is to allow disabled and elderly
people greater freedom of use and independence in their own homes for a longer
period of time. The Regulations also allow for internal and external accessibility for
wheelchair users in buildings other than dwellings. Movement in and around all
buildings is to enable the disabled the same means of access that ambulant people
enjoy when visiting friends, relatives, shops, entertainments and other conveniences
without being impeded.

The main features of the Approved Document are as follows:

Access approach from car parking area to the main entrance of a building to be
level or ramped.

Main entrance threshold to be level, not stepped.

Main entrance door wide enough for a wheelchair.

WC facilities at ground or entrance floor.

WC compartment with sufficient manoeuvrability space for a wheelchair user.
WC facilities at accessible levels for ambulant and disabled people.

Switches for lighting, power sockets, heating control etc. at convenient heights
above floor level.

In flats, lifts provided to access all floors.

®m In houses, the structure about a stair to be strong enough to support a stair lift.

BS 8300: Design of buildings and their approaches to meet the needs of
disabled people. Code of Practice

This British Standard complements the Building Regulations and the Disability
Discrimination Act. It was produced from government-commissioned research into
the ergonomics of modern buildings. The Standard presents the built environment
from the perspective of the disabled user, with particular regard to residential
buildings as occupier and visitor, and public buildings as spectator, customer and
employee. The Standard also considers the disabled as participants in sports events,
conferences and performances.

THE TOWN AND COUNTRY PLANNING ACT 1990

This Act establishes the procedures for development of land and construction of
buildings. It is administered through the hierarchy of government, regional and
local offices:

m central government;
®m county planning departments;
m local borough planning departments.

Central government is represented by the Office of the Deputy Prime Minister
(ODPM). They issue departmental circulars or policy planning guidance (PPG)
to county planning departments. PPGs contain directives for implementing
government policy for overall development on a large scale, e.g. Thames Gateway.
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Included are objectives and a perspective for housing needs, communications
systems, transport, social facilities, green belts, redevelopment, retail and
commercial plans.

County planning departments formulate development policy within the
framework determined by the ODPM. This is known as the Structure Plan.
Structure plans are prepared with regard for ‘brownfield’ sites (usually redundant
industrial buildings) and ‘greenfield’ sites (undeveloped land), in accordance
with anticipated future needs. These include social and economic demands for
housing, and commercial, social and recreational facilities within a viable
communications and transport infrastructure. Structure plans are subject to public
consultation, and once established they normally remain in place for 15 years.

Local planning departments or local authorities establish a Local Plan for
their borough or region. This is produced within the framework of the Structure
Plan with regard for an economic, social and practical balance of facilities for the
various communities under their administration. To maintain a fair and equitable
interest, local plans are subject to public and ODPM consultation. Local authorities
are also responsible for processing applications for development in their area.
Applications range from a nominal addition to an existing building to substantial
estate development. Procedures for seeking planning consent vary depending on
the scale of construction. All require the deposit of area and site plans, building
elevations, forms declaring ownership or nature of interest in the proposal, and
a fee for administration. If an application is refused, the applicant has a right of
appeal to the ODPM.

M BRITISH STANDARDS

These function as support documents to building design and practice. Many are
endorsed by the Building Regulations and provide recommendations for minimum
material and practice specifications. They are published in four possible formats:

m Codes of practice (BS Code of practice for...) These are guides to good
practice in particular areas of construction activity, e.g. scaffolding and structural
steelwork.

m Standard specifications (BS) These are specifications appropriate to
materials and components such as bricks and windows. Products complying may
be endorsed with the Institution’s kitemark.

m Draft for development (DD) These are issued instead of a Code of practice
or Standard specification where there is insufficient data or information to make
a firm or positive recommendation. They have a maximum life of five years,
during which time sufficient data may be accumulated to upgrade the draft to a
Standard specification.

m Published document (PD) These are publications that are difficult to locate
in any of the preceding categories.

Codes of practice and standard specifications are compiled by specialist committees
of professional interest in the particular subject. It must be remembered that these
codes and specifications are only recommendations. However, many are used in the
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Building Regulations, Approved Documents as a minimum acceptable standard for
specific applications. Copies of the codes and specifications can be obtained from
the British Standards Institution (Customer Services), 389 Chiswick High Road,
London, W4 4AL,, or online from http://bsonline.techindex.co.uk

B AGREMENT CERTIFICATES

These are administered by the British Board of Agrément, Bucknalls Lane,
Garston, Watford WD25 9DA. Their purpose is to establish the quality and
suitability of new products and innovations not covered by established performance
documents such as British (BSI) or European Standards (CEN). The Board
assesses, examines and tests materials and products with the aid of the Building
Research Establishment and other research centres, to produce reports. These
reports are known by the acronym MOATS (Methods Of Assessment and Test).
Products satisfying critical examination relative to their declared performance are
issued with an Agrément Certificate.

B INTERNATIONAL STANDARDS

Many British Standards have been harmonised with the dimensional and material
specifications of European continental products and vice versa. For example, BS
EN 196-2: 1995: Chemical analysis of cement has replaced BS 4550: Part 2: 1970:
Methods of testing cement, chemical tests. European standards are administered by the
Comité Européen de Normalisation (CEN), which incorporates bodies such as the
British Standards Institution (BSI) from member states.

The International Standards Organisation also produces documents compatible
with British Standards. These are prefixed ISO: for example, BS EN ISO 9004:
Quality management systems complements BS 5750-8: Quality systems.

M METRICATION

Since the building industry adopted the metric system of measurement during
the early 1970s there has been a great deal of modification and rationalisation as
designers and manufacturers have adapted themselves to the new units.

Most notable has been product developments coordinated about the preferred
dimension of 300 mm. The second preference is 100 mm, with subdivisions
of 50 mm and 25 mm as third and fourth preferences respectively. Many
manufacturers now base their products on the 100 mm module, and coordinate
their components within a three-dimensional framework of 100 mm cubes. This
provides product compatibility and harmonisation with international markets that
are also metric and dimensionally coordinated. Kitchen fitments provide a good
example of successful development, with unit depths of 600 mm and widths in
300, 600, 1200 mm and so on. Less successful has been the move to metric bricks
in lengths of 200 or 300 mm X 100 mm wide X 75 mm high. They are just not
compatible with existing buildings, and bricklayers have found them less suited
to the hand.
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Although the metric system is now well established, it should be remembered
that a large proportion of the nation’s buildings were designed and constructed
using imperial units of measurement, which are incongruous with their metric
replacements. Many building materials and components will continue to be
produced in imperial dimensions for convenience, maintenance, replacement
and/or refurbishment, and where appropriate some manufacturers provide
imperial-metric adaptors, e.g. plumbing fittings. The prohibitive capital cost
of replacing manufacturing plant such as brick presses and timber converters
will preserve traditional imperial dimensions for some time.

11






ITE AND
TEMPORARY WORKS

Lvlsl






SITE WORKS AND SETTING OUT

When a builder is given possession of a building site the contractor will have been
provided with the site layout plan and the detail drawings necessary for him to
construct the building(s). Under most forms of building contract it is the builder’s
responsibility to see that the setting out is accurate.

The site having been taken over, the task of preparing for and setting out the
building can be commenced. These operations can be grouped under three headings:

m clearing the site;
m setting out the building;
m establishing a datum level.

" CLEARING THE SITE

This may involve the demolition of existing buildings, the grubbing out of bushes
and trees, and the removal of soil to reduce levels. Demolition is a skilled
occupation and should be tackled only by an experienced demolition contractor.
The removal of trees can be carried out by manual or mechanical means. The
removal of large trees should be left to the specialist contractors.

Building Regulation C1, “The ground to be covered by the building shall be
reasonably free from vegetable matter.” This is in effect to sterilise the ground,
because the top 300 mm or so will contain plant life and decaying vegetation.
This means that the topsoil is easily compressed and would be unsuitable for
foundations. Topsoil is valuable as a dressing for gardens, and will be retained for
reinstatement when the site is landscaped. The method chosen for conducting the
site clearance work will be determined by the scale of development, and by
consideration for any adjacent buildings.
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Figure 1.1.1  Setting out and checking methods.
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B SETTING OUT THE SITE

The first task is to establish a baseline from which the whole of the building can
be set out. The position of this line must be clearly marked on-site so that it can
be re-established at any time. For on-site measuring a steel tape should be used
(30 m would be a suitable length). Linen and plastic-coated tapes are also available.
The disadvantage with linen tapes is that they are liable to stretch.

After the baseline has been set out, marked and checked, the main lines of the
building can be set out, each corner being marked with a stout peg. A check
should now be made of the setting-out lines for right angles and correct lengths.
There are several methods of checking whether a right angle has been established,
and in fact the setting out would have been carried out by one of these methods.
A check must still be made, and it is advisable to check by a different method to
that used for the setting out. The setting-out procedure and the methods of
checking the right angles are illustrated in Fig. 1.1.1.

After the setting out of the main building lines has been completed and
checked, profile boards are set up as shown in Fig. 1.1.2. These are set up clear
of the foundation trench positions to locate the trench, foundations and walls.
Profile boards are required at all trench and wall intersections.

150 x 38 boards 450
wider than trench

Nails positioning
trench and walls
(alternative
sawcuts)

\thting—out

lines

50 x 50 pointed posts driven
into ground 450 to 600 deep

|

I

I

|

height above ground 150 to 600 ——*"HJ
\%

Figure 1.1.2 Typical profile board.
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Figure 1.1.3 Common types of benchmark.

B ESTABLISHING A DATUM LEVEL

It is important that all levels in a building are taken from a fixed point called a
datum. This point should now be established; wherever possible it should be
related to an ordnance benchmark. This is an arrow with a horizontal mark above
the arrow as shown in Fig. 1.1.3. The centreline of the horizontal is the actual level
indicated on an Ordnance Survey map. Benchmarks are found cut or let into the
sides of walls and buildings. Where there are no benchmarks on or near the site, a
suitable datum must be established. A site datum or temporary benchmark could be
a post set in concrete or a concrete plinth set up on site.

TAKING LEVELS

The equipment used is an engineer’s level and a levelling staff. The level is simply a
telescope fitted with cross-hairs to determine alignment. The telescope rotates on a
horizontal axis plate, mounted on a tripod. The staff is usually 4 m long in folding
or extendable sections. The ‘E’ pattern shown in Fig. 1.1.4 is generally used, with
graduations at 10 mm intervals. Some staffs may have 5 mm graduations. Readings
are estimated to the nearest millimetre.

Levelling commences with a sight to a benchmark from the instrument stationed
on firm ground. Staff stations are located at measured intervals such as a 10 m grid.
From these, instrument readings are taken as shown in Fig. 1.1.5. The level
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Figure 1.1.5 Principles of levelling.

differentials can then be combined with plan area calculations to determine the
volume of site excavation or cut and fill required to level the site.
From Fig. 1.1.5:

Rise and fall method:
Staff reading at A = 2.500 m
Staff reading at B = 0.750 m
Ground level at A = 100 m above ordnance datum (AOD)
Level at B =100 m + rise (— fall if declining)
Level at B =100 m + (2.500 — 0.750) = 101.750 m.

Alternative height of collimation (HC) method:
HC at A = Reduced level (RL) + staff reading
=100 m + 2.500 = 102.500 (AOD)
Level at B=HC at A — staff reading at B
=102.500 — 0.750 = 101.750 m

19
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Figure 1.1.6 'Traditional theodolite with direct reading.

MEASURING ANGLES

The sitesquare shown in Fig. 1.1.1 is accurate for determining right angles in the
horizontal plane. Where acute or obtuse angles occur in the horizontal, or vertical
angles are to be established or checked, a theodolite is used. This instrument is
basically a focusing telescope with cross-hairs, mounted on horizontal index plates
over a tripod. A vertical measurement circle with index is attached to one side of the
telescope. Figure 1.1.6 shows the outline features of a traditional vernier theodolite.
Traditional theodolites require visual or manual measurement of angles on the
micrometer index or scale. In contrast, contemporary instruments are far more
sophisticated, with automatic settings, liquid crystal displays, and facilities for data
transfer to computers.

With the instrument firmly stationed, the telescope and horizontal (vertical if
appropriate) plate are rotated from an initial sighting through the required angle.
A pole-mounted target may be used for location. A check can be made by rotating
the telescope through 180° vertically and the index through 180° horizontally
for a second reading. Angles are recorded in degrees, minutes and seconds,
the extent of accuracy determined by the quality of instrument and the skill
of the user.

SLOPING SITES

Very few sites are level, and therefore before any building work can be commenced
the area covered by the building must be levelled. In building terms this operation
is called reducing levels. Three methods can be used, and it is the most
economical that is usually employed.

m Cut and fill The usual method because, if properly carried out, the amount
of cut will equal the amount of fill.

m Cut This method has the advantage of giving undisturbed soil over the
whole of the site, but has the disadvantage of the cost of removing the spoil
from the site.
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Figure 1.1.7 Sloping sites.

m Fill A method not to be recommended because, if the building is sited on the
filled area, either deep foundations would be needed or the risk of settlement at

a later stage would have to be accepted. The amount of fill should never exceed a
depth of 600 mm.

The principles of the above methods are shown in Fig. 1.1.7.



«  ACCOMMODATION,
STORAGE AND SECURITY

The activities and the temporary nature of a building site do not generally justify
the provision of permanent buildings for staff accommodation or for the storage of
materials. It is, however, within the builder’s interest to provide the best facilities
that are economically possible for any particular contract. This should promote
good relationships between management and staff; it should also reduce the loss of
materials due to theft, accidental damage or vandalism. The better the facilities and
amenities provided on a building site, the greater will be the contentment of the site
staff, which will ultimately lead to higher productivity.

W ACCOMMODATION

The Construction (Health, Safety and Welfare) Regulations 1996 is a statutory
instrument that establishes objectives for accommodation and facilities for staff
to be provided on sites throughout the construction industry. Requirements
will vary with regard to the number of personnel on site and in some cases the
anticipated duration of the contract. An extract from the forerunner to the current
regulations is shown in Table 1.2.1, which indicates absolute minimum standards
for guidance only.

Units of staff accommodation usually come in one of two forms:

®m semi-portable units;
m mobile caravans or cabins.

Preliminary planning is necessary to anticipate the amount and type of temporary
accommodation, site space/location and facilities required for material storage and
use by site personnel. Offices need to be weatherproof, heated, insulated, lit and
furnished with desks, work-surfaces, plan chests and chairs to suit the office
activity. A typical semi-portable site office is shown in Fig. 1.2.1. The same basic
units can be used for all accommodation including meal rooms and toilets equipped
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Figure 1.2.1 Semi-mobile portable cabin site accommodation.
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as indicated in Table 1.2.1. Where site space is limited, most semi-portable units are
designed to be stacked.

Semi-mobile cabins are available in a wide variety of sizes, styles and
applications. The outer construction is generally of galvanised sheet steel over a
structural steel frame, suitably insulated and finished internally with plasterboard
walls and ceiling. Floor finishes vary from chequerplate to carpeted boards. To
prevent over-heating, the roof is covered with a solar reflective material on profiled
galvanised steel. Units may be hired or purchased, usually pre-wired and plumbed
as appropriate for connection to mains supplies and drains. Inclusion of furniture is
also an option. Cabins are transported to site by flat bed lorry as shown in Fig. 1.2.1
and craned into position.

Subject to the limitations below, mobile caravans as shown in Fig. 1.2.2 can be
used as offices on small sites. Timber sectional huts are of very limited use and
prohibited where reference to the “Joint Fire Code” is included in the building
contract. Most contracts now incorporate this code and quote Clause 12 for fire
rated temporary buildings and temporary accommodation.

Ref. Fire Prevention On Construction Sites — The Joint Code of Practice on the
Protection From Fire of Construction Sites and Buildings Undergoing Renovation,
published by Construction Confederation, LLoss Prevention Council and National
Contractors Group.

B STORAGE

The type of storage facilities required of any particular material will depend upon
the following factors:

m durability — will it need protection from the elements?
m vulnerability to damage;
m vulnerability to theft.

Cement, plaster and lime supplied in bag form require a dry store free from
draughts, which can bring in moist air and may cause an air set of material.
These materials should not be stored for long periods on site: therefore provision
should be made for rotational use so that the material being used comes from the
older stock.

Aggregates such as sand and ballast require a clean firm base to ensure that
foreign matter is not included when extracting materials from the base of the
stockpile. Different materials and grades must be kept separated so that the ultimate
mix batches are consistent in quality and texture. Care must be taken, by careful
supervision, to ensure that the stockpiles are not used as a rubbish tip. If the storage
piles are exposed to the elements a careful watch should be kept on the moisture
content; if this rises it must be allowed to drain after heavy rain, or alternatively the
water/cement ratio of the mix can be adjusted.

Bricks and blocks should be stacked in stable piles on a level and well-drained
surface in a position where double handling is reduced to a minimum. Facing bricks
and light-coloured bricks can become discoloured by atmospheric pollution and/or
adverse weather conditions; in these situations the brick stacks should be covered
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Figure 1.2.2 Typical site accommodation units.
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with tarpaulin or polythene sheeting, adequately secured to prevent dislodgement.
Blocks, being less dense than bricks, should be stacked to allow air movement
around them, and should always be covered with a suitable sheet material.

Roof tiles have a greater resistance to load when it is imposed on the edge:
for this reason tiles should be stacked on edge and in pairs, head to tail, to give
protection to the nibs. An ideal tile stack would be five to seven rows high, with
end tiles laid flat to provide an abutment. Tile fittings such as ridge and hip tiles
should be kept separate and if possible placed on end.

Drainage goods, like tiles, may be stored in an open compound; they should be
stacked with their barrels horizontal and laid with spigots and sockets alternately
reversed, or placed in layers with the spigots and sockets reversed in alternate
layers. Plain-ended clay pipes are delivered to site on pallets with pipes separated by
timber battens recessed to suit the pipe profile. Pipes should be stored in this way
until they are required. Fittings should be kept separate, and those such as gullies,
which can hold water, should be placed upside down.

Timber is a hygroscopic material, and therefore to prevent undue moisture
movement it should be stored in such a manner that its moisture content remains
fairly constant. A rack of scaffold tubulars with a sheet roof covering makes an ideal
timber store: the various section sizes allow good air flow around the timber, and
the roof provides protection from the rain and snow.

Ironmongery, hand tools and paint are some of the most vulnerable items on a
building site. Small items such as locks, power drills and cans of paint should be
kept in a locked hut and issued only against an authorised stores requisition. Large
items such as baths can be kept in the compound and suitably protected; it is also
good practice only to issue materials from the compound against a requisition order.

M SECURITY AND PROTECTION

FENCING

A building site and the compound can be given a degree of protection by
surrounding with a fence. The fence fulfils two functions:

m it defines the limit of the site or compound,;
B it acts as a deterrent to the would-be trespasser or thief.

A fence can be constructed to provide a physical barrier of solid construction or a
visual barrier of open-work construction. If the site is to be fenced as part of the
contract it may be advantageous to carry out this work at the beginning of the site
operations. The type of fencing chosen will depend upon the degree of security
required, cost implications, type of neighbourhood and duration of contract.

A security fence around the site or compound should be at least 1.800 m high
above the ground and include the minimum number of access points, which
should each have a lockable barrier or gate. Standard fences are made in accordance
with the recommendations of BS 1722, which covers 13 forms of fencing giving
suitable methods for both visual and physical barriers: typical examples are shown
in Fig. 1.2.3.
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HOARDINGS

These are close-boarded fences or barriers erected adjacent to a highway or public
footpath to prevent unauthorised persons obtaining access to the site, and to
provide a degree of protection for the public from the dust and noise associated
with building operations. Under Sections 172 and 173 of the Highways Act 1980
it is necessary to obtain written permission from the local authority to erect a
hoarding. The permission, which is in the form of a licence, sets out the conditions
and gives details of duration, provision of footway for the public, and the need for
lighting during the hours of darkness.

Two forms of hoarding are in common use:

m vertical hoardings;
m fan hoardings.

The vertical hoardings consist of a series of close-boarded panels securely fixed
to resist wind loads and accidental impact loads. It can be free standing, or fixed
by stays to the external walls of an existing building (see Fig. 1.2.4).

The Construction (Health, Safety and Welfare) Regulations 1996 require
protection from falling objects to be given to persons. A fan hoarding fulfils this
function by being placed at a level above the normal traffic height and arranged
in such a manner that any falling debris is directed back towards the building or

scaffold (see Fig. 1.2.4).



SUBSOIL DRAINAGE

M BUILDING REGULATION C2 Resistance to moisture

Subsoil drainage shall be provided if it is needed to avoid:

m the passage of ground moisture to the interior of the building;
m damage to the fabric of the building.

The ideal site (see Fig. 1.3.1) will not require any treatment, but sites with a
high water table will require some form of subsoil drainage. The water table is the
level at which water occurs naturally below the ground, and this level will vary with
the seasonal changes.

The object of subsoil drainage is to lower the water table to a level such that it
will comply with the above Building Regulation, i.e. not rise to within (.25 m of the
lowest floor of a building. It also has the advantage of improving the stability of the
ground, lowering the humidity of the site, and improving its horticultural properties.

Surface water runs away — ?gggt
from building 3.
4/_\/ ideal
BN N
T
Impervious

= 7 layer

Groundwater runs away
on top of impervious layer

Figure 1.3.1 The ideal site.
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MATERIALS

The pipes used in subsoil drainage are usually dry jointed and are either porous or
perforated pipes. The porous pipes absorb the water through their walls and thus
keep out the fine particles of soil or silt, whereas perforated pipes, which are laid
with the perforations at the base, allow the water to rise into the pipe, leaving any
silt behind.

Suitable pipes

m Perforated clayware: BS EN 295-5.

m Porous concrete: BS 5911-114.*

m Clayware field pipes: BS 1196.

m Profiled and slotted polypropylene or uPVC: BS 4962.
m Perforated uPVC: BS 4660.

*Note: Porous concrete is rarely manufactured now, therefore the BS has been
withdrawn.

Branch drains

j Main drain Branch drains
T | it | -
e [ el r B

%

//: I =
ifi Z = '[_mmn |
; \‘\ ./;//! Main ! " : ll J :
s B
L__\l'{__l lI.t—_‘_.—_——_‘— _____J

Herringbone Grid iron Moat

(Branch drains spacing 6.000 to 10.000 — max length 30.000)

150 top soil I_ 150 top soil

\. //
e
1.000 N

7 \ 4
Normal i to
backfill—% g 1.500 —|

§ ’I III] IIIII{~ Brushwood
/

N

AN

Subsoil -. ~or similar

drain and as filter Large

rubble fill ‘ and small
\\' rubble fill

380 380
to 450 to 450

Figure 1.3.2 Subsoil drainage systems and drains.



Subsoil drainage

Concrete or brick bank protection

Drain to discharge above
water level

Timber or
metal baffle

Water level 1

2~
|j:ast 3.000 to

5.000 in proper

Protection to
opposite bank if

drainage to ) ) H stream or river
prevent marshlike X AN is narrow
soil at outfall ’ U

Figure 1.3.3 Outfall to stream or river.

Anti-flood valve
. 1.000 (41.000 | if stream or

‘ ] river is tidal

i':a.'. Y e e e ey
Iy YT ~ TTITIT
U\
Subsoil drain to
Baffle —————n discharge with the flow
Flow

Bank protection
| 2.000 )
{ |
TTT1IT1 IJ_{"

Cast iron cover and frame
N Brick levelling course
F IFCNRND NS

7RI
B — ¥ 4 a =
2 : Precast concrete
Reverse action / cover
intercepting +——— Brick-built
trap / inspection
chamber
— — Rodding ———
Flow eye ——————
_ K3 A Surface water
g drain or sewer
Subsoil
drain

Figure 1.3.4 Outfall to surface water sewer or drain.

33



34 Site and temporary works
DRAINAGE LAYOUTS

The pipes are arranged in a pattern to cover as much of the site as is necessary.
Typical arrangements are shown on the plans in Fig. 1.3.2. Water will naturally
flow towards the easy passage provided by the drainage runs. The system is
terminated at a suitable outfall such as a river, stream or surface water sewer.

In all cases permission must be obtained before discharging a subsoil system.

The banks of streams and rivers will need protection against the turbulence set up
by the discharge, and if the stream is narrow the opposite bank may also need
protection (see Fig. 1.3.3). If discharge is into a tidal river or stream, precautions
should be taken to ensure that the system will not work in reverse by providing

an outlet for the rising tide. On large schemes sediment chambers or catch pits are
sometimes included to trap some of the silt which is the chief cause of blockages
in subsoil drainage work. The construction of a catch pit is similar to the manhole
shown in Fig. 1.3.4 except that in a catch pit the inlet and outlet are at a high
level; this interrupts the flow of subsoil water in the drains and enables some of the
silt to settle on the base of the catch pit. The collected silt in the catch pit must be
removed at regular intervals.



EXCAVATIONS AND TIMBERING

Before a foundation can be laid it is necessary to excavate a trench of the required
depth and width. On small contracts such as house extensions this is effectively
carried out by hand, but on large works it will be more economic to use some form
of mechanical excavator. The general procedure for the excavation of foundation
trenches is illustrated in Fig. 1.4.1.

/I TIMBERING

This is a term used to cover temporary supports to the sides of excavations and
is sometimes called planking and strutting. The sides of some excavations will
need support to:

m protect the operatives while working in the excavation;
m keep the excavation open by acting as a retaining wall to the sides of the trench.

The type and amount of timbering required will depend upon the depth and nature
of the subsoil. Over a short period many soils may not require any timbering, but
weather conditions, depth, type of soil and duration of the operations must all be
taken into account, and each excavation must be assessed separately.

Suitable timbers for this work are:

Scots pine;

Baltic redwood,;
Baltic whitewood,;
Douglas fir;
larch;

hemlock.

Typical details of timbering to trenches are shown in Figs 1.4.2-1.4.6.
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THE CONSTRUCTION (HEALTH, SAFETY AND WELFARE)
REGULATIONS 1996

This document establishes objectives for employers, the self-employed and
employees, to ensure safe working and support in excavations.

Regulation 5 — Safe places of work

This is a general requirement applying not least to work in the ground. It places an
obligation on all involved to assess the risks and to ensure reasonably practicable
means to safeguard work in excavations.

Regulations 12 and 13 - Excavations

Timber or other suitable material must be provided and used to prevent danger
from a fall or dislodgement of materials forming the sides of an excavation.
Underground services must be foreseen (if possible), located, identified and
assessed for risk to operatives working in excavations. Positive action is necessary
to eliminate any risk and to prevent injury.
Deep excavations, tunnels, cofferdams and caissons require special
consideration and must be correctly designed, constructed and maintained
with regard for prevailing conditions. (See Chapter 3 of Advanced Construction
Technology.)

Regulations 28, 29 and 30 - Training, inspection and reports

These require excavation support to be installed or supervised by adequately
trained, suitably knowledgeable and experienced personnel. Prior to general access
being given, an inspection of excavations by a competent person (usually the main
contractor’s safety supervisor) must be made. That person must ensure that work
can proceed safely. Following inspection, a written report must be filed for
presentation if requested by the Health and Safety Executive. Further documented
inspections should be undertaken daily or at the beginning of each shift or after
severe weather conditions. Changes to the trench format and unexpected falls of
earth should also be monitored.

BUILDING REGULATIONS

Notice of commencement and completion of certain stages of work.

Building Regulation 14 requires that the building control office of the
local authority is notified by a person carrying out building work prior to
commencement and at specific stages during construction work. The notice
should be given in writing or by such means as may be agreed with the local
authority.

Notices of the stages when statutory inspections are required under this
regulation occur as follows:
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m Commencement 48 h

m Foundation excavation 24 h

® Foundation concrete 24 h

m Opversite preparation, before concreting 24 h

® Damp-proof course 24 h

m Drains before backfilling (foul and rainwater) 24 h

® Drain test after covering 5 days after
m Occupation before completion 5 days before
m Completion within 5 days

With the exception of notice of commencement, drain testing and completion, the
amount of time required before progressing with other parts of the work is one day.
Weekends and bank holidays are excluded.



SCAFFOLDING

A scaffold is a temporary structure from which persons can gain access to a place of
work in order to carry out building operations. It includes any working platforms,
ladders and guard rails. Basically there are two forms of scaffolding:

m putlog scaffolds;
m independent scaffolds.

/M PUTLOG SCAFFOLDS

This form of scaffolding consists of a single row of uprights or standards set
away from the wall at a distance that will accommodate the required width of the
working platform. The standards are joined together with horizontal members
called ledgers and are tied to the building with cross-members called putlogs.
The scaffold is erected as the building rises, and is used mostly for buildings of
traditional brick construction (see Fig. 1.5.1).

I INDEPENDENT SCAFFOLDS

An independent scaffold has two rows of standards, which are tied by cross-members
called transoms. This form of scaffold does not rely upon the building for support
and is therefore suitable for use in conjunction with framed structures (see Fig. 1.5.2).

Every scaffold should be securely tied to the building at intervals of approximately
3.600 m vertically and 6.000 m horizontally. This can be achieved by using a
horizontal tube called a bridle bearing on the inside of the wall and across a window
opening with cross-members connected to it (see Fig. 1.5.1); alternatively a tube with
a reveal pin in the opening can provide a connection point for the cross-members
(see Fig. 1.5.2). If suitable openings are not available then the scaffold should be
strutted from the ground using raking tubes inclined towards the building.
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Figure 1.5.1 Typical tubular steel putlog scaffold.

Wl MATERIALS
Scaffolding can be of:

m tubular steel;
m tubular aluminium alloy;
m timber.

TUBULAR STEEL

British Standard 1139 gives recommendations for both welded and seamless steel
tubes of 48 mm outside diameter with a nominal 38 mm bore diameter. Steel tubes
can be obtained galvanised (to guard against corrosion); ungalvanised tubes will
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Figure 1.5.2 Typical tubular steel independent scaffold.
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require special care such as painting, varnishing or an oil bath after use. Steel tubes

are nearly three times heavier than comparable aluminium alloy tubes, but are far

stronger, and as their deflection is approximately one-third that of aluminium alloy

tubes, longer spans can be used.

ALUMINIUM ALLOY

Seamless tubes of aluminium alloy with a 48 mm outside diameter are specified in
BS 1139 for metal scaffolding. No protective treatment is required unless they are

to be used in contact with materials such as damp lime, wet cement or seawater,

which can cause corrosion of the aluminium alloy tubes. A suitable protective
treatment would be to coat the tubes with bitumastic paint before use.
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TIMBER

The use of timber as a temporary structure in the form of a scaffold is now rarely
encountered in the UK, although it is extensively used in the developing world.
The timber used is structural-quality softwood in either putlog or independent
format. The members are lashed together with wire or rope instead of the coupling
fittings used with metal scaffolds.

SCAFFOLD BOARDS

These are usually boards of softwood timber, complying with the recommendations
of BS 2482, used to form the working platform at the required level. They should
be formed out of specified softwoods of 225 mm X 38 mm section and not exceeding
4.800 m in length. To prevent the ends from splitting they should be end bound
with not less than 25 mm wide X (.9 mm galvanised hoop iron extending at least
150 mm along each edge and fixed with a minimum of two fixings to each end. The
strength of the boards should be such that they can support a uniformly distributed
load of 6.7 kN/m?* when supported at 1.200 m centres.

SCAFFOLD FITTINGS

Fittings of either steel or aluminium alloy are covered by the same British Standard
as quoted above for the tubes. They can usually be used in conjunction with either
tubular metal unless specified differently by the manufacturer. The major fittings
used in metal scaffolding are:

m Double coupler The only real loadbearing fitting used in scaffolding; used to
join ledgers to standards.

m Swivel coupler Composed of two single couplers riveted together so that it is
possible to rotate them and use them for connecting two scaffold tubes at any angle.

m Putlog coupler Used solely for fixing putlogs or transoms to the horizontal
ledgers.

B Base plate A square plate with a central locating spigot, used to distribute the
load from the foot of a standard on to a sole plate or firm ground. Base plates can
also be obtained with a threaded spigot and nut for use on sloping sites to make
up variations in levels.

m Split joint pin A connection fitting used to joint scaffold tubes end to end.

A centre bolt expands the two segments, which grip on the bore of the tubes.

B Reveal pin Fits into the end of a tube to form an adjustable strut.

B Putlog end A flat plate that fits on the end of a scaffold tube to convert it into
a putlog.

Typical examples of the above fittings are shown in Fig. 1.5.3.

I MOBILE ACCESS TOWER

Mobile access towers are temporary structures used for gaining access to buildings
for maintenance and repair. They are preferred to conventional scaffolding for work
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Figure 1.5.4 Section through scaffold — assembled mobile access tower.

of a relatively short duration and where a ladder would be inadequate. Access
towers are also easily moved where work is continuous, e.g. painting building
exteriors, or gutter renewal.

Mobile access and working towers comply with the following:

m They are assembled from prefabricated components, either standard scaffold
tube and fittings as shown in Fig. 1.5.4, or interconnecting ‘H’ shaped steel or
aluminium tubular frames.

They have a facility to be moved manually on firm, level ground.

They have dimensions to a predetermined design.

They are freestanding, with supplementary support optional.

They have at least one platform to work from.

They have at least four legs; normally each leg is fitted with castors. A base plate
can be used at the bottom of each leg where mobility is not required.

The platform is accessed by a ladder or steps contained within the base
dimensions of the tower. A ladder must be firmly attached to the tower;
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inclined is preferred. A ladder should not touch the ground; the first rung is
located not more than 400 mm above the ground.

m The working platform should have a hinged opening for ladder access, adequate
guard rails, and toeboards.

STABILISERS, OUTRIGGERS OR DIAGONAL BRACING

An optional attachment that can be adjusted to ensure ground contact where the
surface is uneven. They should be attached securely to enable direct transfer of
loads without slipping or rotating.

ADDITIONAL SAFETY GUIDANCE

m Constructed by competent persons.

m Height to base ratio:

® 3:1 maximum indoors.

m 2.5:1 maximum outdoors.

Maximum height 12 m indoors, 8 m outdoors.

Never moved with persons, equipment or materials on the platform or frame.
Access ladders fitted within the frame.

Castors fitted with a locking device and secured before access is permitted.
Stable ground essential.

Components visually inspected for damage before assembly.

Inspected by a competent person before use and every 7 days if it remains in the
same place. Inspected after any substantial alteration or period of exposure to
bad weather.

m Local authority Highways Department approval required prior to use on a
public footpath or road. Licence or permit to be obtained.

Barriers or warning tape used to prevent people walking into the tower.
Where appropriate, illuminated.

No work to be undertaken below a platform in use or within the tower.
Maximum of two persons working from the platform at any one time.
Material storage on the platform to be minimal.

Ladders or other means of additional access must not be used from the platform
or any other part of the structure.

Further details and additional reading on this topic can be obtained from,
BS EN 1298: Mobile access and working towers and BS EN 12811-1: Temporary
works equipment. Scaffolds. Performance requirements and general design.

B THE WORK AT HEIGHT REGULATIONS 2005

This statutory instrument is designed to ensure that suitable and sufficient safe
access to and egress from every place at which any person at any time works are
provided and properly maintained. Scaffolds and ladders are covered by this
document, which sets objective requirements for materials, maintenance, inspection



48 Site and temporary works

Putlogs or
transoms
secured to
_ ledgers or
7 stagdards Ledgers fixed horizontal
y and secured to standards
32 —+ r Scaffold boards
Standards to = I o O o
be vertical or Putlog or/’,‘ 1.000 | 1.000 |
/| slightly inclined transom ™ max. ~ T max.
towards the
building 38 —; r Scaffold boards
Base plate © [} - o
t(l)' prevent Putlog or transom /}IZMA
slipping 50 3 r Scaffold boards
|

£
NZZN\Z o] [9)
B 2.600 max. |
\ >
Putlog or transom
Standards, putlogs and transoms

r Working platform

Piers of loose bricks

600

7 max.

/ N

Stability of scaffolds

Close-boarded
or plated working {
platform

Scaffold must be inspected within
the previous 7 days by a qualified
and competent person. Inspection
Putlog or dates to be documented and filed.
independent

scaffold

Over 2.000

Platforms, gangways and runs

Bevelled pieces where

boards overlap r T
l—ﬂo__; O * O“'
Note: Platform to extend Max. overhang 4 x T |
600 mm beyond end
of working face Boards evenly supported on at
wherever practicable least 3 supports per board length

Boards in working platforms

Figure 1.5.5 Scaffolds regulations — 1.



A
/]
/ Working
T7 platform
/ g
/
/|
T/
/
A

Clear passage way for
persons or materials

Scaffolding 49

600 min. |

0707,

A

Vg

XX

Vg

.V

oY% %

o

A

XN

l/
9.
EA NN NN XX XT

Deposited
materials

Deposit of materials

Widths of working platforms for putlog and independent scaffolds

Mesh brick guard (

XN

’v
NN XN XN NN

v,

N

950 min.

XSSO

N/

(XX

25

Vs

XX

AN

N\’

D

@

XXX X

X

\/
a

XXX

Guard rails and toe boards for
putlog and independent scaffolds

Figure 1.5.6 Scaffold regulations — 2.

recommended)

Suggested
pitch ‘4
up 1 out’

Toe
board

Reinforced
polythene
sheeting

(recommended)

Secured
to prevent —
slipping

Rest

evenly 3
and fixed ©
securely ©

7 min.

1
4

Maximum vertical rise 9,000

Use of ladders



50  Site and temporary works

and construction of these working places. The main constructional requirements
of these regulations are illustrated in Figs 1.5.5 and 1.5.6. Supervision of scaffold
erection and progress/safety reports are undertaken by a suitably experienced and
qualified person. This normally occurs:

m within the preceding 7 days;

m after adverse weather conditions, which may have affected the scaffold’s strength
or stability;

®m whenever alterations or additions are made to the scaffold.

Records of all such inspections must be kept in accordance with the regulations, and
must provide the following information:

m location and description of scaffold;

m date of inspection;

m result of inspection, stating the condition of scaffold;

m signature and office of the person making the inspection.

The importance of providing a safe and reliable scaffold from which to undertake
building work cannot be overemphasised. Badly assembled and neglected scaffolds
have been a significant contributory factor to the high accident rate associated with
the construction industry. The Health and Safety Executive (HSE) are promoting
instructional literature and training programmes for scaffold erectors, as lack of
formal training has been identified as the source of many site accidents.
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TRENCH AND BASEMENT
EXCAVATION

Excavations may be classified as shallow, medium or deep as follows:

shallow — up to 1.500 m deep;
medium — 1.500-3.000 m deep;
deep — over 3.000 m deep.

The method of excavation and timbering to be used in any particular case will
depend upon a number of factors:

The nature of the subsoil can determine the type of plant or hand tools required
and the amount of timbering necessary.

The purpose of the excavation can determine minimum widths, minimum
depths and the placing of support members to give a reasonable working space
within the excavation.

The presence of groundwater may necessitate the need for interlocking
timbering, sump pits and pumps; large quantities of groundwater may prompt
the use of de-watering techniques.

The position of the excavation may impose certain restrictions such as the

need for a licence or wayleave, highway authority or police requirements when
excavating in a public road.

Non-availability of the right type of plant for bulk excavation may mean that a
different method must be used.

The presence of a large number of services may restrict the use of machinery to
such an extent that it becomes uneconomic.

The disposal of the excavated spoil may restrict the choice of plant because the
load and unload cycle does not keep pace with the machine output.
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B SAFETY

As previously described in Chapter 1.4, safety requirements in subsurface
excavations, including basements, are strictly enforced through the Construction
(Health, Safety and Welfare) Regulations 1996. Additionally, a suitable fence or
barrier must be provided to the sides of excavations. For small pits, such as
manholes and other limited excavation, the void may be covered. Methods of
providing a suitable barrier are shown in Fig. 2.1.1. Materials must not be
placed near the edge of any excavation, nor must plant be placed or moved

near excavations so that persons working in the excavation are endangered.

B TRENCH EXCAVATIONS

Long, narrow trenches in firm soil may be excavated to the full depth by mechanical
excavators, enabling the support timbering to be placed in one continuous
operation. Weak and waterlogged ground must be supported before excavation
commences by driving timber runners or steel trench sheeting to a position below
the formation level, or by a drive and dig procedure. In the latter method the
runners can be driven to a reasonable depth of approximately 1.500 m followed by
an excavation cut of 1.200 m and then the operation repeated until the required
level has been reached; this will make the driving of the runners easier and enable a
smaller driving appliance to be used.

In medium-depth trenches different soil conditions are very often encountered
throughout the depth of the excavation, and therefore the method of timbering
must be changed to suit the new soil conditions; a typical example of trench
timbering in these circumstances is shown in Fig. 2.1.2.

Hand trimming is usually required in the trench bottom to form an accurate
line and level; this process is called bottoming of trenches. Approximately
150 mm should be allowed for trimming by hand, and it is advisable to cover the
trimmed surface with hardcore to protect the soil at formation level from being
disturbed or drying out and shrinking.

I BASEMENT EXCAVATIONS

There are three methods that can be used for excavating a large pit or basement:

m complete excavation with sloping sides;
m complete excavation with timbered sides;
m perimeter trench method.

Excavation for a basement on an open site can be carried out by cutting the
perimeter back to the natural angle of repose of the soil. This method requires
sufficient site space around the intended structure for the over-excavation.

No timbering is required, but the savings on the temporary support work must
pay for the over-excavation and consequent increase in volume of backfilling to
be an economic method.
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In firm soils where poling boards can be placed after excavation an economic
method is to excavate the bulk of the pit and then trim the perimeter, placing
the poling boards with their raking struts in position as the work proceeds.
Alternatively the base slab could be cast before the perimeter trimming takes
place and the rakers anchored to its edge or side (see Fig. 2.1.3).

The perimeter trench method is used where weak soils are encountered; a trench
wide enough to enable the retaining walls to be constructed is excavated around the
perimeter of the site, and timbered according to the soil conditions. The permanent
retaining walls are constructed within the trench excavation and the timbering is
removed; the dumpling or middle can then be excavated and the base cast and
joined to the retaining walls (see Fig. 2.1.3). This method could also be used in firm
soils when the mechanical excavators required for bulk excavation are not available.



FOUNDATIONS

A foundation is the base on which a building rests, and its purpose is to safely
transfer the load of a building to a suitable subsoil.
The Building Regulations require all foundations of buildings to:

m safely sustain and transmit to the ground the combined dead and imposed loads
S0 as not to cause any settlement or other movement in any part of the building
or of any adjoining building or works;

m be of such a depth, or be so constructed, as to avoid damage by swelling,
shrinkage or freezing of the subsoil;

B be capable of resisting attack by deleterious material, such as sulphates, in the
subsoil.

Subsoils are the soils below the topsoil, the topsoil being about 300 mm deep.
Typical bearing capacities of subsoils are given in Table 2.2.1.

Table 2.2.1 Typical subsoil bearing capacities

Type Bearing capacity (kN/m?)

Rocks, granites and chalks 600-10 000

Non-cohesive soils; compact sands; loose uniform sands 100-600

Cobhesive soils; hard clays; soft clays and silts < 600

Peats and made ground To be determined by investigation
Terminology

m Backfill Materials excavated from site and if suitable used to fill in around the
walls and foundations.
m Bearing capacity Safe load per unit area that the ground can carry.
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m Bearing pressure The pressure produced on the ground by the loads.
m Made ground Refuse, excavated rock or soil deposited for the purpose of
filling in a depression or for raising the site above its natural level.
m Settlement Ground movement, which may be caused by:
m deformation of the soil due to imposed loads;
®m volume changes of the soil as a result of seasonal conditions;
® mass movement of the ground in unstable areas.

M CHOICE OF FOUNDATION TYPE

The choice and design of foundations for domestic and small types of buildings
depends mainly on two factors:

m the total loads of the building;
m the nature and bearing capacity of the subsoil.

The total loads of a building are taken per metre run and calculated for the worst
case. The data required is:

1. Roof material dead load on the wall plus imposed load from snow, i.e. 1.5 kN/m?
< 30° pitch or 0.75 kN/m? > 30° pitch (1 m wide strip from ridge to eaves).

2. Floor material dead load on the wall, plus an imposed loading allowance of
< 1.5 kN/m?” for people and furniture (1 m wide strip from centre of the floor
to the wall).

3. Wall load on the foundations (1 m wide strip of wall from top to foundation).

4. Total load on the foundations (summation of 1, 2 and 3, plus any additional
allowances for wind loading that may be necessary in exposed situations).

[Note: Material loading due to the materials can be found in BS 648: Schedule of
weights of building materials.)

The average total loading for a two-storey domestic dwelling of traditional
construction is 30-50 kN/m.
The nature and bearing capacity of the subsoil can be determined by:

m trial holes and subsequent investigation;
m boreholes and core analysis;
m local knowledge.

Clay is the most difficult of all subsoils with which to deal. Down to a depth of
about 1 m clays are subject to seasonal movement, which occurs when the clay dries
and shrinks in the summer and conversely swells in the winter with heavier rainfall.
This movement occurs whenever a clay soil is exposed to the atmosphere, and
special foundations may be necessary.

Subsoils that readily absorb and hold water are subject, in cold weather, to frost
heave. This is a swelling of the subsoil due to the expansion of freezing water held
in the soil; like the movement of clay soils, it is unlikely to be even, and special
foundations may be needed to overcome the problem.
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B TYPES OF FOUNDATION

Having ascertained the nature and bearing capacity of the subsoil, the width of the
foundation can be determined by one of the following methods:

1. Calculating the total (dead + imposed) load per metre run of foundation and
relating this to the analysed safe bearing capacity of the subsolil, i.e.

total load of buildi t
ota” 10a€ o] DUICINE PET MEM® _ 1ninimum foundation width

safe bearing capacity of subsoil

For example, if the total load is 40 kN/m and the subsoil safe bearing capacity is
80 kN/m?, then the foundation width is:
40

—=05m or 500 mm

80
[Note: Safe bearing capacity is determined by obtaining the actual bearing
capacity by laboratory analysis and applying a factor of safety.]

2. The minimum guidance as given in design tables, such as Table 2.2.2, where
size of foundations are related to subsoil type, wall loading and field tests on
the soil.

Foundations are usually made of either mass or reinforced concrete and can be
considered under two headings:

m Shallow foundations Those that transfer the loads to subsoil at a point near
to the ground floor of the building such as strips and rafts.

m Deep foundations Those that transfer the loads to a subsoil some distance
below the ground floor of the building such as a pile.

Raft foundations are often used on poor soils for lightly loaded buildings, and are
considered capable of accommodating small settlements of the soil. In poor soils
the upper crust of soil (450—600 mm) is often stiffer than the lower subsoil, and
to build a light raft on this crust is usually better than penetrating it with a strip
foundation.

Typical details of the types of foundation suitable for domestic and similar
buildings are shown in Figs 2.2.1-2.2.3.
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Table 2.2.2  Guide to strip foundation width relative to subsoil type

Subsoil Subsoil Field test Bearing Minimum width of strip (mm)
type condition capacity for a total load (kN/m) of:
(kN/m?*) 20 30 40 50 60 70
Rock Stronger than Requires mechanical > 600 Wall thickness at least
sandstone device to break up
limestone or
chalk
Chalk Solid Requires a pick to 600 Wall thickness at least
remove
Gravel Medium Requires a pick to > 600 250 300 400 500 600 650
density excavate
Sand Compact Breaks down when > 300 250 300 400 500 600 650
dry
Clay Stiff Pick or mechanical 150 to 250 300 400 500 600 650
device required to 300
Sandy clay remove
Clay Firm Manually excavated 75 to 150 300 350 450 600 750 850
and can be moulded
Sandy clay by hand
Sand or Loose Manually excavated > 200 400 600 Traditional strip
Gravel with a spade, foundation not
50 mm square peg Lab. test suitable for loading
Silty sand easily driven in needed > 30 kN/m,
consider reinforced
Clayey strip, deep strip or
Sand short bored piling
Silt Soft Easily excavated Lab. test 450 650 Asabove
manually, can be needed
Clay moulded by hand
Sandy or
silty clay
Silt, clay,  Very soft Samples exude Lab. test  Subsoil of this condition is not
sandy or water when needed suitable to receive unreinforced
silty clay squeezed strip foundations. Consider

reinforced strip, deep strip and
end bearing piled foundations to
solid strata
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*  REINFORCED CONCRETE
FOUNDATIONS

The function of any foundation is to transmit to the subsoil the loads of the
structure. Where a structure has only light loadings, such as a domestic dwelling
house, it is sufficient to use a mass concrete strip foundation or a simple raft.
Where buildings are either heavy, or transmit the loadings at a series of points,
such as in a framed building, it is uneconomic to use mass concrete. The plan size
of a foundation is a constant feature, being derived from:

point or column load

safe bearing capacity of subsoil

For example, if the column shown in Fig. 2.3.1 transmits a 50 kN load to subsoil of
safe bearing capacity 80 kN/m?’, then the square column foundation dimensions are:

50

\'80
The thickness of a mass concrete foundation for a heavy point load would result
in a foundation that is costly and adds unnecessary load to the subsoil. Reinforced
concrete foundations are generally cheaper and easier to construct than equivalent
mass concrete foundations but will generally require the services of a structural
engineer to formulate an economic design. The engineer must define the areas in
which tension occurs and specify the reinforcement required, as concrete is a
material which is weak in tension. Further studies of reinforced concrete principles
can be found in Chapter 10.2.

=0.79m or 790 mm (800 mm square)

M TYPES OF FOUNDATION

The principal types of reinforced concrete foundation for buildings are:

1. strip foundations;
2. isolated or pad foundations;
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3. raft foundations;
4. combinations of 1, 2 and 3;
5. piled foundations.

The foundations listed in 4 and 5 above are included in Advanced Construction
Technology and are therefore not considered in this volume.

STRIP FOUNDATIONS

Reinforced concrete strip foundations are used to support and transmit the loads
from heavy walls. The effect of the wall on the relatively thin foundation is to

act as a point load, and the resultant ground pressure will induce tension on the
underside across the width of the strip. Tensile reinforcement is therefore required
in the lower face of the strip, with distribution bars in the second layer running
longitudinally (see Fig. 2.3.1). The reinforcement will also assist the strip in
spanning any weak pockets of soil encountered in the excavations.

ISOLATED OR PAD FOUNDATIONS

This type of foundation is used to support and transmit the loads from piers and
columns. The most economic plan shape is a square, but if the columns are close to
the site boundary it may be necessary to use a rectangular plan shape of equivalent
area. The reaction of the foundation to the load and ground pressures is to cup,
similar to a saucer, and therefore main steel is required in both directions. The
depth of the base will be governed by the anticipated moments and shear forces,
the calculations involved being beyond the scope of this volume. Incorporated

in the base will also be the starter bars for a reinforced concrete column or the
holding-down bolts for a structural steel column (see Fig. 2.3.1).

RAFT FOUNDATIONS

The principle of any raft foundation is to spread the load over the entire area of
the site. This method is particularly useful where the column loads are heavy and
thus require large bases, or where the bearing capacity is low, again resulting in the
need for large bases. Raft foundations can be considered under three headings:

m solid slab rafts;
® beam and slab rafts;
m cellular rafts.

Solid slab rafts are constructed of uniform thickness over the whole raft area,
which can be wasteful because the design must be based on the situation existing
where the heaviest load occurs. The effect of the load from columns and the ground
pressure is to create areas of tension under the columns and areas of tension in
the upper part of the raft between the columns. Very often a nominal mesh of
reinforcement is provided in the faces where tension does not occur to control
shrinkage cracking of the concrete (see Fig. 2.3.2).
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Beam and slab rafts are an alternative to the solid slab raft and are used where
poor soils are encountered. The beams are used to distribute the column loads
over the area of the raft, which usually results in a reduction of the slab thickness.
The beams can be upstand or downstand depending upon the bearing capacity of
the soil near the surface. Downstand beams will give a saving on excavation costs,
whereas upstand beams create a usable void below the ground floor if a suspended
slab is used (see Fig. 2.3.2).

CELLULAR RAFTS

This form of foundation can be used where a reasonable bearing capacity subsoil can
be found only at depths where beam and slab techniques become uneconomic. The
construction is similar to reinforced concrete basements except that internal walls
are used to spread the load over the raft and divide the void into cells. Openings

can be formed in the cell walls, allowing the voids to be utilised for the housing of
services, store rooms or general accommodation (see Fig. 2.3.3).

Il BLINDING

A blinding layer 50 to 75 mm thick of weak concrete or coarse sand should be
placed under all reinforced concrete foundations. The functions of the blinding
are to fill in any weak pockets encountered during excavations and to provide a
true level surface from which the reinforcement can be positioned. If formwork
is required for the foundation some contractors prefer to lay the blinding before
assembling the formwork; the alternative is to place the blinding within the
formwork and allow this to set before positioning the reinforcement and placing
the concrete.
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Concrete is a mixture of cement, fine aggregate, coarse aggregate and water.
The proportions of each material control the strength and quality of the resultant
concrete.

/@ PORTLAND CEMENT

Cement is the setting agent of concrete, and the bulk of cement used in this country
is Portland cement. This is made from chalk or limestone and clay, and is generally
produced by the wet process.

In this process the two raw materials are washed, broken up and mixed with
water to form a slurry. This slurry is then pumped into a steel rotary kiln, which is
from 3 to 4 m in diameter and up to 150 m long and lined with refractory bricks.
While the slurry is fed into the top end of the kiln a pulverised coal is blown in at
the bottom end and fired. This raises the temperature at the lower end of the kiln
to about 1400 °C. First the slurry passing down the kiln gives up its moisture; then
the chalk or limestone is broken down into carbon dioxide and lime, and finally it
forms a white-hot clinker, which is transferred to a cooler before being ground.
The grinding is carried out in a ball mill, which is a cylinder some 15 m long and
up to 4.5 m in diameter containing a large number of steel balls of various sizes,
which grind the clinker into a fine powder. As the clinker is being fed into the ball
mill, gypsum (about 5%) is added to prevent a flash setting off the cement.

The alternative method for the preparation of Portland cement is the dry
process. The main difference between this and the wet process is the reduction in
the amount of water that has to be driven off in the kiln. A mixture of limestone and
shale is used, which is proportioned, ground and blended to form a raw meal of low
moisture content. The meal is granulated in rotating pans with a small amount of
water before being passed to a grate for preheating prior to entering the kiln. The
kiln is smaller than that used in the wet process but its function is the same — that
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is, to form a clinker, which is then cooled, ground and mixed with a little gypsum as
described for the previous process.

Rapid-hardening Portland cement is more finely ground than ordinary Portland
cement. Its main advantage is that it gains its working strength earlier than
ordinary cement. The requirements for both ordinary Portland and rapid-hardening
Portland cement are given in BS EN 197-1.

B HIGH-ALUMINA CEMENT - BS 915-2

This is made by firing limestone and bauxite (aluminium ore) to a molten state,
casting it into pigs, and finally grinding it into a fine powder. Its rate of hardening
is very rapid, and produces a concrete that is resistant to the natural sulphates
found in some subsoils. It can, however, cost up to two and a half times as much
as ordinary Portland cement. However, high-alumina cement has its limitations.
When hydrated, the cement converts or undergoes a chemical change that can
reduce the concrete’s strength and resistance to aggressive chemicals. The manner
and extent of conversion vary with the amount of free water/cement ratio, the
temperature in which the concrete is located, and the amount of moisture or
humidity in the surrounding environment. All these factors are applicable during
the cement’s manufacture, subsequent curing and design life. Because of a
number of structural failures, notably in the humid atmospheres of swimming
pools, high-alumina cement is not now normally permitted in exposed concrete
structures.

Other forms of cement available are as follows:

Portland blastfurnace — BS 146;

low-heat Portland — BS 1370;

low-alkali sulphate-resisting — BS 4027,
high-slag blastfurnace — BS 146;
supersulphated — BS 4248;

masonry — BS EN 413-1;

Portland pulverised fuel ash — BS 6588;
pozzolanic pulverised fuel ash — BS 6610;
Portland limestone — BS 7583.

Cement should be stored on a damp-proof floor in the dry and kept for short
periods only, because eventually it will harden as a result of the action of moisture
in the air. This is known as air hardening, and any hardened cement should be
discarded.

B AGGREGATES

These are the materials that are mixed with the cement to form concrete, and
are classed as a fine or coarse aggregate. Fine aggregates are those that will pass
a standard 5 mm sieve, and coarse aggregates are those that are retained on a
standard 5 mm sieve. All-in aggregate is a material composed of both fine and
coarse aggregates.
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A wide variety of materials (for example, gravel, crushed stone, brick, furnace slag
and lightweight substances, such as foamed slag, expanded clay and vermiculite) are
available as aggregates for the making of concrete.

In making concrete, aggregates must be graded so that the smaller particles of
the fine aggregate fill the voids created by the coarse aggregate. The cement paste
fills the voids in the fine aggregate thus forming a dense mix.

Aggregates from natural sources and synthetic aggregates are defined in
BS EN 12620: Aggregates for concrete.

B WATER

The water used in the making of concrete must be clean and free from impurities
that could affect the concrete. It is usually specified as being of a quality fit for
drinking. A proportion of the water will set up a chemical reaction, which will
harden the cement. The remainder is required to give the mix workability, and
will evaporate from the mix while it is curing, leaving minute voids. An excess of
water will give a porous concrete of reduced durability and strength.

The quantity of water to be used in the mix is usually expressed in terms of the
water/cement ratio, which is:

total weight of water in the concrete

weight of cement

For most mixes the ratio is between 0.4 and 0.7.
Concrete mixes can be expressed as volume ratios thus:

m 1:2:4 =1 part cement, 2 parts fine aggregate and 4 parts coarse aggregate;
m 1:5 =1 part cement and 5 parts all-in aggregate.

SOME COMMON MIXES

m 1:10 — not a strong mix but suitable for filling weak pockets in excavations and
for blinding layers.

m 1:8 —slightly better than the last, suitable for paths and pavings.
m 1:6 — a strong mix suitable for mass concrete foundations, paths and pavings.
m 1:3:6 — the weakest mix equivalent to that quoted in Approved Document A as

deemed to satisfy the requirements of Building Regulation Al.
m 1:2:4 — a strong mix that is practically impervious to water; in common use
especially for reinforced concrete.

MIXING CONCRETE
Concrete can be mixed or batched by two methods:

m by volume;
m by mass.

A 25 kg bag of cement has a volume of approximately 0.02 m*.
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Batching by volume

This method is usually carried out using an open bottom box (of such dimensions
as to make manual handling possible) called a gauge box. For a 1:2:4 mix a gauge
box is filled once with cement, twice with fine aggregate and four times with coarse
aggregate, the top of the gauge box being struck off level each time.

If the fine aggregate is damp or wet its volume will increase by up to 25%, and
therefore the amount of fine aggregate should be increased by this amount. This
increase in volume is called bulking.

Batching by mass

This method involves the use of a balance that is linked to a dial giving the exact
mass of the materials as they are placed in the scales. This is the best method,
because it has a greater accuracy, and the balance can be attached to the mixing
machine.

Hand mixing

This should be carried out on a clean, hard surface. The materials should be
thoroughly mixed in the dry state before the water is added. The water should be
added slowly, preferably using a rose head, until a uniform colour is obtained.

Machine mixing

The mix should be turned over in the mixer for at least 2 minutes after

adding the water. The first batch from the mixer tends to be harsh, because
some of the mix will adhere to the sides of the drum. This batch should be used
for some less important work such as filling in weak pockets in the bottom of
the excavation.

Ready mixed

This is used for large batches with lorry transporters up to 6 m® capacity. It has
the advantage of eliminating site storage of materials and mixing plant, with the
guarantee of concrete manufactured to quality-controlled standards. Placement is
usually direct from the lorry: therefore site-handling facilities must be coordinated
with deliveries.

Handling

If concrete is to be transported for some distance over rough ground the runs
should be kept as short as possible, because vibrations of this nature can cause
segregation of the materials in the mix. For the same reason concrete should not
be dropped from a height of more than 1 m. If this is unavoidable a chute should
be used.
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Placing

If the concrete is to be placed in a foundation trench it will be levelled from peg to
peg (see Fig. 1.4.2), or if it is to be used as an oversite bed the external walls could
act as a levelling guide. The levelling is carried out by tamping with a straight-edge
board; this tamping serves the dual purpose of both compacting the concrete and
bringing the excess water to the surface so that it can evaporate. Concrete must not
be over-tamped, as this will bring not only the water to the surface but also the
cement paste that is required to act as the matrix. Concrete should be placed as
soon as possible after mixing to ensure that the setting action has not commenced.
Concrete that dries out too quickly will not develop its full strength: therefore

new concrete should be protected from the drying winds and sun by being covered
with canvas, straw, polythene sheeting or damp sawdust. This protection should be
continued for at least 3 days, because concrete takes about 28 days to obtain its
working strength.

Specifying concrete
Any of four methods may be used to specify concrete:

m designed mix;
m prescribed mix;
m standard mix;
m designated mix.

Designed mix

The mix is specified by a grade corresponding to the required characteristic
compressive strength at 28 days. There are 12 grades, from C7.5 to C60, the C
indicating compressive and the number the strength in N/mm?* or MPa. Flexural
(F) strength grades may also be specified as F3, F4 or F5, e.g. 3, 4 or 5 N/mm®
In addition to stating the strength grades the purchaser must also specify any
particular requirements for cement and aggregate content and maximum free
water/cement ratio.

Prescribed mix

This is a recipe of constituents with their properties and quantities used to
manufacture the concrete. The specifier must state:

m the type of cement;

m type of aggregates and their maximum size;

B mix proportions by weight;

m degree of workability (slump and/or water/cement ratio) and the application.
Prescribed mixes are based on established data indicating conformity to strength,
durability and other characteristics. Basic examples could include 1:3:6/40 mm
aggregate and 1:2:4/20 mm aggregate.
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Standard mix

Mixes are produced from one of five grades, ranging from ST1 to ST5, with
corresponding 28-day strength characteristics of 7.5 to a limit of only 25 N/mm?.
Mix composition and details are specified by:

B cement to aggregate by weight;

m type of cement;

B aggregate type and maximum size;
m workability;

® use or omission of reinforcement.

These mixes are most suited to site production, where the scale of operations is
relatively small. Alternatively, they may be used where mix design procedures
would be too time consuming, inappropriate or uneconomic.

Designated mix

These mixes are selected relative to particular applications and site conditions, in
place of generalisations or use of alternative design criteria that may not be entirely
appropriate. Grading and strength characteristics are extensive, and vary with
application as indicated:

m General (GEN), graded 0—4, ranging from 7.5 to 25 N/mm? characteristic
strength. For foundations, floors and external works.

m Foundations (FND), graded 2, 3, 4A and 4B with characteristic strength of
35 N/mm?. These are particularly appropriate for resisting the effects of
sulphates in the ground.

m Paving (PAV), graded 1 or 2 in 35 or 45 N/mm?” strengths respectively. A strong
concrete for use in driveways and heavy-duty pavings.

m Reinforced (RC) and prestressed concrete graded 30, 35, 40, 45 and 50
corresponding with characteristic strength and exposures ranging from mild to
most severe.

In addition to application, the purchaser needs to specify:

reinforced or unreinforced;

prestressed;

heated or ambient temperature;

maximum aggregate size (if not 20 mm);

exposure to chemicals (chlorides and sulphates);
exposure to subzero temperatures (placing and curing).

Because of the precise nature of these designated mix concretes, quality control is of
paramount importance: therefore producers are required to have quality assurance
product conformity accreditation to BS EN ISO 9001.

[Note: Further details of concrete grades and analysis are found in BS EN 206-1:
Concrete. Specification, performance, production and conformity.]
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B TESTING OF CONCRETE

There are many different test procedures for determining the properties of concrete.
These are detailed in BS 1881: Testing concrete, BS EN 12350: Testing fresh concrete
and BS EN 12390: Testing hardened concrete. The two most common tests are the
slump test, applied to wet or fresh concrete, and the compression test, applied to
hardened concrete.

SLUMP TEST - BS EN 12350-2

The slump test is suitable for establishing uniformity of mixes in subsequent
batches or deliveries. It is not strictly a test for workability, but it can be used as a
guide when constituents are known to be constant. Mixes of the same slump can
vary with regard to their cement content and grade of aggregates.

Equipment

Shown in Fig. 2.4.1 comprises an open-ended steel frustum of a cone, a tamping
rod and a rule.

Procedure — the cone is one-quarter filled with concrete and tamped 25 times.
A further three layers are applied, each layer tamped as described. Surplus concrete
is struck from the surface, and the cone is raised immediately.

Typical slump

Mass concrete/thick sections of reinforced concrete, 50 mm.
Roads, hand tamped and general use, 100 mm.
Thin sections of reinforced concrete, 150 mm.

Maximum aggregate size, 40 mm.

16 mm dia.
. tamping rod Measured slump
Conical 4
600 mm long
mould 100
o
S
™
200
e Rule — Slumped concrete

Figure 2.4.1 Slump test.
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COMPRESSION TEST - BS EN 12390-1

Concrete test cubes are made from samples taken from site. Specimens are taken
before and during the placing of concrete.

Equipment

Shown in Fig. 2.4.2. Standard machined steel mould, 150 mm X 150 mm X 150 mm
for aggregate size up to 40 mm. 100 mm cube moulds may be used for aggregates
up to 20 mm. Internal faces of the mould are lightly oiled prior to receiving
concrete. A 25 mm square steel tamping rod, 380 mm long.

Procedure

Concrete is placed in the mould in 50 mm layers; each layer is tamped 35 times
for 150 mm cubes or 25 times for 100 mm cubes. Alternatively, the concrete may
be compacted by vibration. Surplus concrete is struck off. Samples remain in the
mould for 24 hours + 30 minutes, covered with a damp sack or similar. After this
time specimens are marked, removed from the mould and submersed in water at a
temperature between 10 and 21 °C until required for testing.

The cube strength is the stress failure after 7 days. If the strength specification is
not achieved at 7 days, a further test is undertaken at 28 days. If the specification is
not achieved at 28 days, specimen cores may be taken from the placed concrete for
laboratory analysis.

Typical 28-day characteristic crushing strengths (that below which not more
than 5 per cent of the test results are allowed to fall) are graded 7.5, 10, 15, 20, 25,
30, 35 and 40 N/mm’.

As a guide, shear stress of the concrete is taken at approximately one-tenth of the
stress under compression.

Pressure gauge Hydraulic
test load

25 mm square
tamping bar

— Concrete
Test
cube
o o' o+
® Steel AR
plate R
base %-2 -
Sample Sample after
before test stress failure

Steel test cube mould

Figure 2.4.2 Compression test.



*  RETAINING WALLS

The basic function of a retaining wall is to retain soil at a slope that is greater

than it would naturally assume, usually at a vertical or near-vertical position. The
natural slope taken up by any soil is called its angle of repose and is measured in
relationship to the horizontal. Angles of repose for different soils range from 45° to
near (° for wet clays, but for most soils an average angle of 30° is usually taken. It is
the wedge of soil resting on this upper plane of the angle of repose that a retaining
wall has to support. The walls are designed to offer the necessary resistance by
using their own mass to resist the thrust or relying upon the principles of leverage.
The terminology used in retaining wall construction is shown in Fig. 2.5.1.

I/ DESIGN PRINCIPLES

The design of any retaining wall is basically concerned with the lateral pressures of
the retained soil and any subsoil water. The wall must be designed to ensure that:

m overturning does not occur;

m sliding does not occur;

m the soil on which the wall rests is not overloaded,;

m the materials used in construction are not overstressed.

It is difficult to accurately define the properties of any soil, because they are
variable materials, and the calculation of pressure exerted at any point on the wall is
a task for the expert, who must take into account the following factors:

nature and type of soil;

height of water table;

subsoil water movements;

type of wall;

materials used in the construction of the wall.
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Figure 2.5.1 Retaining wall terminology and pressures.
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Design calculations relate to the resultant thrust of retained material behind
a 1 m length of wall. This can be determined by either of two well-established
methods:

m Rankine’s formula;
m Coulomb’s graphical representation or wedge theory.

RANKINE’S FORMULA

wh* 1—sin0
p=""
2 1+ sin@

where P = resultant thrust
w = density of retained soil
h = height of wall
6 = soil angle of repose

For example, if » = 1400 kg/m’, 4 =2 m and 6 = 30°, then:

2 _
P 1400 x (2) y 1-0.5
2 1+0.5

=934 kg

kg X gravity = newtons, therefore
934 % 9.81 =9.16 kN

Structural design is based on the overturning or bending moment (BM), which
occurs at one-third wall height if the earth pressure is uniform and the diagram
triangular, as shown in Fig. 2.5.1.

In this example, + x 2 m = 0.67 m. Therefore:

BM =9.16 kN X 0.67 m = 6.14 kN m
P, the resultant thrust for water, can be calculated from the simple formula

por
2

where w in this instance = density of water (1000 kg/m®).

COULOMB’S THEORY

As before, w = 1400 kg/m®, 4 =2 m and 0 = 30°.
The procedure is plotted graphically in Fig. 2.5.2.

1. A scaled vertical line to represent the wall height is drawn from a horizontal
baseline.

2. The plane of repose is drawn at the soil angle of repose from the intersection of
wall and base lines.

3. The plane of rupture is drawn by bisecting the angle between the plane of repose
and the wall line.
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3

Figure 2.5.2 Coulomb’s theory.

. Coulomb’s wedge is completed by drawing a horizontal line (y) from the top of

the wall line until it intersects with the plane of rupture. Dimension y is scaled
or calculated:

Tangent 30° =y/2

Tangent 30° = 0.5774, therefore y =0.5774 X 2 =1.155 m.
Wedge area = (2 x 1.155)/2 = 1.155 m*.

Wedge volume per metre run of wall = 1.155 x 1 =1.155 m’.
Weight of wedge per metre run of wall = 1.155 X 1400 = 1617 kg.

. A vertical vector line AB is drawn through the wedge section centre of gravity

at y/3.

. AB is drawn to a scale to represent the wedge weight (1617), from where it

intersects the line of thrust (%4/3) and the plane of rupture.

. Vector line BC is drawn at the angle of repose (30°) to the normal to the plane

of rupture, until it intersects horizontal vector CA.

. ABC is the triangle of forces for the wedge section of retained soil. CA is scaled

(934) to represent P, the resultant thrust of 934 kg.

"/ EARTH PRESSURES

The designer is mainly concerned with the effect of two forms of earth pressure:

active earth pressure;
passive earth pressure.
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Active earth pressures are those that at all times are tending to move or
overturn the retaining wall, and are composed of the earth wedge being retained
together with any hydrostatic pressure caused by the presence of groundwater.
The latter can be reduced by the use of subsoil drainage behind the wall, or by
inserting drainage openings called weep holes through the thickness of the stem,
enabling the water to drain away.

Passive earth pressures are reactionary pressures that will react in the form
of a resistance to movement of the wall. If the wall tends to move forward, the
earth in front of the toe will be compressed, and a reaction in the form of passive
pressure will build up in front of the toe to counteract the forward movement.
This pressure can be increased by enlarging the depth of the toe or by forming a
rib on the underside of the base. Typical examples of these pressures are shown
in Fig. 2.5.1.

B STABILITY

The overall stability of a retaining wall is governed by the result of the action and
reaction of a number of loads:

m Applied loads For example, soil and water pressure on the back of the wall;
the mass of the wall; and, in certain forms of cantilever wall, the mass of the
soil acting with the mass of the wall.

m Induced loads For example, the ground pressure under the base, the
passive pressure at the toe, and the friction between the underside of the base
and the soil.

EFFECTS OF WATER

Groundwater behind a retaining wall, whether static or percolating through a
subsoil, can have adverse effects upon the design and stability. It will increase the
pressure on the back of the wall, and by reducing the soil shear strength it can
reduce the bearing capacity of the soil; it can reduce the frictional resistance
between the base and the soil and reduce the possible passive pressure in front of
the wall. It follows therefore that the question of drainage of the water behind the
retaining wall is of the utmost importance in the design.

SLIP CIRCLE FAILURE

This type of failure, shown in Fig. 2.5.3, is sometimes encountered with retaining
walls in clay soils, particularly where there is a heavy surcharge of retained material.
It takes the form of a rotational movement of the soil and wall along a circular arc.
The arc commences behind the wall and passes under the base, resulting in a
tilting and forward movement of the wall. Further movement can be prevented by
driving sheet piles into the ground in front of the toe, to a depth that will cut the
slip circle arc.
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Moment due to weight of retained earth and wall above slip circle arc about O
is greater than restoring moment RM.

RM = permissible shear stress x length of arc ABC x arc radius OC.

Result: Mass above ABC rotates about O. Wall tilts forward and earth

heaves in front.

Figure 2.5.3 Retaining wall failure due to rotational movement.

B TYPES OF WALL

MASS RETAINING WALLS

These are sometimes called gravity walls and rely upon their own mass together
with the friction on the underside of the base to overcome the tendency to slide or
overturn. They are generally economic only up to a height of 1.800 m. Mass walls
can be constructed of semi-engineering quality bricks bedded in a 1:3 cement
mortar or of mass concrete. The latter could have some light fabric reinforcement
to control surface cracking. Natural stone is suitable for small walls up to 1.000 m
high, but generally it is used as a facing material for walls over 1.000 m. Typical
examples of this are shown in Fig. 2.5.4.

CANTILEVER WALLS

These are usually of reinforced concrete, and work on the principles of leverage.
Two basic forms can be considered: a base with a large heel so that the mass

of earth above can be added to the mass of the wall for design purposes, or, if
this form is not practicable, a cantilever wall with a large toe (see Fig. 2.5.5).
The drawings show typical sections and patterns of reinforcement encountered
with these basic forms of cantilever retaining wall. The main steel occurs on the
tension face of the wall, and nominal steel (0.15% of the cross-sectional area

of the wall) is very often included in the opposite face to control the shrinkage



86  Substructure

e—— Double bullnose

Stem of BS 3921

brick on edge

class B bricks

course

laid to English

bond in cm. mt (1:3)

O

oO

?N‘iﬁ

@,
<—— Hardcore, rubble

O

R
DZ or clinker as

c(?

p filtering material

Drainage channel
150 to 225 j 1

behind weep holes
o
OO

Fall

N 75 mm dia. weep holes

at 900 c/c

T- Paved surface

Mass concrete

in front of wall

< J._V
AN A
W|
) 4
A
A

( (1:3:6) base

Natural, artificial
or reconstructed
facing stones ———

Mass concrete
(1:3:6) stem

Finished ground
level

Mass concrete

(1:3:6) base —l

OOD

Precast concrete
weathered coping
stone

Z 7R

00& Hardcore, rubble

or clinker
filled trench

Subsoil drain
behind wall -
alternative to

weep holes

Mass concrete retaining wall with stone facings
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cracking that occurs in n-situ concrete work. Reinforcement requirements,
bending, fabricating and placing are dealt with in detail in the section on
reinforced concrete.

Reinforced cantilever walls have an economic height range of 1.200—6.000 m;
walls in excess of this height have been economically constructed using prestressing
techniques. Any durable facing material may be applied to the surface to improve
the appearance of the wall, but it must be remembered that such finishes are
decorative and add nothing to the structural strength of the wall.

COUNTERFORT RETAINING WALLS

These walls can be constructed of reinforced or prestressed concrete, and are
considered suitable if the height is over 4.500 m. The counterforts are triangular
beams placed at suitable centres behind the stem and above the base to enable the
stem and base to act as slabs spanning horizontally over or under the counterforts.
Figure 2.5.6 shows a typical section and pattern of reinforcement for a counterfort
retaining wall.

If the counterforts are placed on the face of the stem they are termed buttresses,
and the whole arrangement is called a buttress-retaining wall. The design and
construction principles are similar in the two formats.

PRECAST CONCRETE RETAINING WALLS

These are manufactured from high-grade precast concrete on the cantilever
principle, usually to a 600 mm wide module (see Fig. 2.5.7). They can be
erected on a foundation as a permanent retaining wall, or be free standing to
act as a dividing wall between heaped materials such as aggregates for concrete.
In the latter situation they can increase by approximately three times the storage
volume for any given area. Other advantages are a reduction in time by
eliminating the curing period that is required for in-situ walls and eliminating
the need for costly formwork together with the time required to erect and
dismantle the temporary forms. The units are reinforced on both faces to meet
all forms of stem loading. Lifting holes are provided, which can be utilised

as strap-fixing holes if required. Special units to form internal angles, external
angles, junctions and curved walls are also available to provide flexible layout
arrangements.

PRECAST CONCRETE CRIB-RETAINING WALLS

Crib walls are designed on the principle of a mass retaining wall. They consist
of a framework or crib of precast concrete or timber units within which the soil
is retained. They are constructed with a face batter of between 1:6 and 1:8 unless
the height is less than the width of the crib ties, in which case the face can be
constructed vertical. Subsoil drainage is not required, because the open face
provides for adequate drainage (see Fig. 2.5.7).



Retaining walls

Straight face —»

Base and stem
reinforced as
slabs —— 5]

A\ -\

Steel in back face occurs at
counterforts only and extends
for one quarter of the span on
either side

Counterfort

Battered back

Main steel
Hardcore or rubble as
filtering material to
Distribution weep holes
steel

Weep holes — »F

Steel in top face occurs
at counterforts only
and extends for one
quarter of span on
either side

- -:I:—E Blinding

Main steel 1 L Distribution steel T

) AN LN 7
450 wide counterforts
at 5.000 c/c reinforced
Stem as beams
varies
300 to :
450 \ 3 No. main bars
o Distribution steel
o
<
[T
\ Binders
3 No. main
bars
N 8
™

Figure 2.5.6 Typical reinforced concrete counterfort retaining wall.

89



90  Substructure

: O O O O
Straight - L_,I)Zt::;g haonl gs °
back *’;’. for brackets

and straps

600 mm wide |*

if required
pcc units ——f.¢

\ o
~ &
o =
.*|~— Battered
Holding- [v| 3@
down Ny
bolts .
] .
| ~.l. B
u."‘A'" A.,!‘ﬂ.- 600
S ARENY U
L 1.000 ]-—I— Concrete foundation if
! ' > wall is in permanent position

Typical ‘Marley’ precast concrete retaining wall

Stretcher

oo, Retained earth woN
’ RS e
ar A\ oy :

Nlew

\\x\/

|

\

B

header units ) F Cranked

. header units
Stretcher units

Note: All units connected with dowels
‘Anda-Crib’ precast concrete retaining wall

Figure 2.5.7 Precast concrete retaining walls.



Retaining walls 91
REINFORCED MASONRY RETAINING WALLS

Steel reinforcement may be used in brick retaining walls to resist tensile forces
and to prevent the effects of shear. A brick bonding arrangement known as
quetta bond is used to create a uniform distribution of vertical voids: see Part 3 —
Superstructure, Fig. 3.2.9. Vertical steel reinforcement is tied to the foundation
reinforcement and spaced to coincide with the purpose-made voids. When the
brickwork is completed, the voids are filled with concrete to produce a series of
reinforced concrete mini-columns within the wall.

Where appearance is not important, or the wall is to receive a surface treatment,
reinforcement and in-situ concrete within hollow concrete blockwork provide
for economical and functional construction. Figure 2.5.8 shows the application of
standard-profile, hollow, dense concrete blocks laid in stretcher bond as permanent
formwork to continuous vertical columns.

The height potential and slenderness ratio (effective height to width) for reinforced
masonry walls can be enhanced by post-tensioning the structure. The principle is
explained in Part 10 of Advanced Construction Technology. For purposes of brick
walls there are a number of construction options, including:

m quetta bond with steel bars and concrete in the voids;

m stretcher-bonded wide cavity with reinforced steel bars coated for corrosion
protection;

m solid wall of perforated bricks with continuous voids containing grouted steel
reinforcement bars.

Figure 2.5.9 shows some examples.
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concrete -],
Y B Rubble
<
Steel Sl bac‘ I rL’L‘J;:Q Steel bar
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holl LM .
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Figure 2.5.8 Reinforced concrete block retaining wall.
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BASEMENTS

Appendix E in Approved Document B of the Building Regulations defines a
basement storey as a storey with a floor that at some point is more than 1.200 m
below the highest level of ground adjacent to the outside walls. This definition is
given in the context of inhibiting the spread of fire within a building, and generally
the fire resistance requirements for basements are more onerous than for the ground
or upper storeys in the same building. This section on basements is concerned only
with basement storeys that are below ground level.

The structural walls of a basement below ground level are in fact retaining walls,
which have to offer resistance to the soil and groundwater pressures as well as
assisting to transmit the superstructure loads to the foundations. It is possible to
construct a basement free of superstructural loadings, but these techniques are
beyond the scope of this book.

W WATERPROOFING

Apart from the structural design of the basement walls and floor, waterproofing
presents the greatest problem in basement construction. Building Regulation C2
requires such walls to be constructed so that they will not transmit moisture from
the ground to the inside of the building or to any material used in the construction
that would adversely be affected by moisture. Building Regulation C2 also imposes
similar conditions on the construction of floors. Basement structures can be
waterproofed by one of three basic methods:

m monolithic structures;
m drained cavities;
® membranes.
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MONOLITHIC STRUCTURES

These are basements of dense reinforced concrete using impervious aggregates
for the walls and floor to form the barrier to water penetration. Great care must
be taken with the design of the mix, the actual mixing and placing, together

with careful selection and construction of the formwork if a satisfactory water
barrier is to be achieved. Shrinkage cracking can be largely controlled by forming
construction joints at regular intervals. These joints should provide continuity of
reinforcement and by the incorporation of a PVC or rubber water bar a barrier

to the passage of water: typical examples are shown in Fig. 2.6.1. Monolithic
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Figure 2.6.1 Joints and water bars.
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structures, while providing an adequate barrier to the passage of water, are not
always vapourproof.

DRAINED CAVITIES

This method provides an excellent barrier to moisture penetration of basements

by allowing any moisture that has passed through the structural wall to drain

down within a cavity formed between the inner face of the structural wall and

an inner non-loadbearing wall. This internal wall is built of a floor covering of
special triangular precast concrete tiles, which allows the moisture from the cavity
to flow away under the tiles to a sump, where it is discharged into a drainage system
either by gravity or by pumping. This method of waterproofing is usually studied
in detail during advanced courses in construction technology.

MEMBRANES

A membrane is a relatively thin material placed on either the external or internal
face of a basement wall or floor to provide the resistance to the passage of moisture
to the inside of the basement. If the membrane is applied externally protection is
also given to the structural elements and the hydrostatic pressure will keep it firmly
in place, but a reasonable working space must be allowed around the perimeter of
the basement. This working space will entail extra excavation and subsequent
backfilling after the membrane has been applied. If adequate protection is not given
to the membrane it can easily be damaged during the backfilling operation. An
internally applied membrane gives no protection to the structural elements, and
there is the danger that the membrane may be forced away from the surfaces by
water pressure unless it is adequately loaded. These loading coats will reduce the
usable volume within the basement (see Figs 2.6.2 and 2.6.3).

Suitable materials that can be used for forming membranes are fibre-reinforced
bituminous felt, polythene sheet, polyisobutylene plastic, epoxy resin compounds,
bituminous compounds and mastic asphalt. Also, more recent developments for
impervious membrane applications include polymer-modified bitumen with
polyester reinforcement. This is available as styrene—butadiene—styrene (SBS)
or atactic polypropylene (APP).

ASPHALT TANKING

Asphalt is a natural or manufactured mixture of bitumen with a substantial proportion
of inert mineral matter. When heated, asphalt becomes plastic and can be moulded
by hand pressure into any shape. Bitumen is a complex mixture of hydrocarbons and
has both waterproofing and adhesive properties. In its natural state asphalt occurs

as a limestone rock impregnated with bitumen, and is mined notably in France,
Switzerland and Sicily. Another source of asphalt is the asphalt lake in Trinidad in
the West Indies, which was discovered by Sir Walter Raleigh in 1595 and today still
yields about 100 000 tonnes annually. In the centre of this lake the asphalt is a liquid
but nearer the edges it is a semi-fluid, and although large quantities are removed
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during the day the lake refills during the night. The lake asphalt is refined or purified
in Trinidad and shipped in barrels for use in building construction all over the world.
Natural rock asphalt is crushed and processed to remove unwanted mineral matter
before being compounded into mastic asphalt. Bitumen for use with mastic asphalt
is also made on a large scale as a residue in the distillation of petroleum.

Mastic asphalt is a type of asphalt composed of suitably graded mineral matter
and asphaltic cement to form a coherent, voidless and impermeable mass. The asphalt
cement consists of bitumen, lake asphalt, asphaltite or blends of these, sometimes
with the addition of flux oil, which is used for softening bitumen or rendering it less
viscous. Fine aggregates of natural rock asphalt and limestone combine with coarse
aggregates of igneous and calcareous angular stones if required. Naturally occurring
graded siliceous material can also be added.

The basic principle of asphalt tanking is to provide a continuous waterproof
membrane to the base and walls of the basement. Continuity between the vertical
and horizontal membranes is of the utmost importance, and as asphalt will set
rapidly once removed from the heat source used to melt the blocks, it is applied in
layers over small areas; again continuity is the key factor to a successful operation.
Joints in successive coats should be staggered by at least 150 mm in horizontal work
and at least 75 mm in vertical work.

On horizontal and surfaces up to 30° from the horizontal three coats of asphalt
should be applied to give a minimum total thickness of 30 mm. Vertical work
should also be a three-coat application to give a total thickness of 20 mm. The
junction between horizontal and vertical work should be strengthened by a two-coat
angle fillet forming a 50 mm X 50 mm chamfer. To prevent curling and consequent
infiltration of moisture behind the vertical tanking the top edge should be turned
into a splayed chase or groove 25 mm wide X 25 mm deep.

It is essential that vertical asphalt is suitably keyed to its background. Concrete
formed by using sawn boards for the formwork will usually provide an acceptable
surface, but smooth concrete will need treatment such as bush-hammering the
surface and washing to remove all loose particles. Alternatively a primer of
sand/cement plastic emulsion or pitch/polymer rubber emulsion can be used.
Brick walls can be constructed of keyed bricks, or the joints can be raked out to a
depth of 20 mm as the work proceeds to provide the necessary keyed surface.

During the construction period the asphalt tanking must be protected against
damage from impact, following trades and the adverse effects of petrol and oil.
Horizontal asphalt tanking coats should be covered with a fine concrete screed at
least 50 mm thick as soon as practicable after laying. Vertical asphalt tanking coats
should be protected by building a half brick or block wall 30 mm clear of the
asphalt; the cavity so formed should be filled with a mortar grout as the work
proceeds to ensure perfect interface contact. In the case of internal tanking this
protective wall will also act as the loading coat.

Any openings for the passages of pipes or ducts may allow moisture to penetrate
unless adequate precautions are taken. The pipe or duct should be primed and
coated with three coats of asphalt so that the sleeve formed extends at least 75 mm
on either side of the tanking membrane before being placed in the wall or floor. The
pipe or duct is connected to the tanking by a two-coat angle fillet (see Fig. 2.6.2).
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The main advantages of mastic asphalt as a waterproof membrane are as follows:

m It is a thermoplastic material and can therefore be heated and reheated if
necessary to make it pliable for moulding with a hand float to any desired
shape or contour.

m [t is durable: bituminous materials have been used in the construction of
buildings for over 5000 years and have remained intact to this day, as shown
by excavations in Babylonia.

m It is impervious to both water and water vapour.

m It is non-toxic, vermin and rot proof, and is odourless after laying.

m It is unaffected by sulphates in the soil, which, if placed externally, will greatly
improve the durability of a concrete structure.

The application of mastic asphalt is recognized as a specialist trade in the
building industry and therefore most asphalt work is placed in the hands of
specialist subcontractors, most of which are members of the Mastic Asphalt Council
and Employers Federation Limited. The Federation is a non-profit-making
organization whose objectives are to provide technical information and promote
the use of mastic asphalt as a high-quality building material.

OTHER SHEET MEMBRANES

Plastic and bitumen sheeting materials are suited to shallow basements. The base
structure of concrete or masonry is prepared with a primer of bituminous solution
before sheeting, and is hot bitumen bonded with 100 mm side and 150 mm end
lapping in at least two layers. Figure 2.6.4 shows application to wall and floor.

Structural ——=— )\(
wall Min. 2 layers
of sheeting to wall
Concrete
loading coat +e—— Blockwork
outer protective layer
Protective
screed
o -
o s 0 1, NN
@ e . < e d4d .
. - ‘e .‘ r - o
; u‘ v L T N T
(Lo e~ - N R
” . ’ P e o (—.
e ry a A 2 r ; d
- = Ly . o
L Reinforced concrete
structural base
Min. 2 layers .
of sheeting to floor — Angle strip

Figure 2.6.4 Impervious membrane tanking to shallow basement.
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B INSULATION OF BASEMENTS

Basements in heated buildings require insulation against energy loss through the
walls and floor. The contribution made by the surrounding subsoil is significant,
but insufficient alone to satisfy current energy conservation measures. Thermal
insulation should be at least equivalent to that specified for above-ground walls
and floors.

ESTIMATING U VALUES

Floors

v L
/Uy) + R
where U, = U value for an uninsulated floor (see table below)
R = Thermal resistance of the applied insulation (m* K/W),

i.e. insulation thickness/insulation conductivity

U values of uninsulated basement floors (W/m? K):

Perimeter to area ratio Basement depth (m)

0.5 1.0 1.5 2.0 2.5
0.1 0.20 0.19 0.18 0.17 0.16
0.3 0.44 0.41 0.38 0.35 0.33
0.5 0.61 0.55 0.50 0.46 0.43
0.7 0.74 0.65 0.59 0.53 0.49
0.9 0.84 0.73 0.65 0.58 0.53

E.g. Basement with a floor 5 m X 4 m and a depth of 2.5 m

Floor perimeter = 18 m
Floor area = 20 m’
Perimeter to area ratio=18/20=10.9

Uy=0.53 W/m*K

If 75 mm of extruded polystyrene, conductivity (A value) 0.035 W/m K, is
incorporated in the floor construction, the U value will be:

1 1
(1/0.53) + (0.075/0.035)  4.029

=0.248 W/m? K
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Walls

U values of basement walls (W/m?* K):

Wall thermal resistance Basement depth (m)
(m? K/W)
0.5 1.0 1.5 2.0 25

0.2 1.55 1.16 0.95 0.81 0.71
0.5 0.98 0.78 0.66 0.58 0.52
1.0 0.61 0.51 0.45 0.40 0.37
1.5 0.46 0.38 0.34 0.32 0.29
2.0 0.35 0.30 0.27 0.25 0.24
25 0.28 0.25 0.23 0.21 0.20

As before, basement depth is 2.5 m. Assuming a wall thermal resistance including
the soil, of 2.0 m* K/W, from the table the U value of the wall is 0.24 W/m* K.
The preceding estimation of U values is for guidance only. For more detail see:

m BS EN ISO 6946: Building components and building elements. Thermal resistance
and thermal transmittance. Calculation method,

m BS EN ISO 13370: Thermal performance of buildings. Heat transfer via the ground.
Calculation methods.

Note: For calculation of U values and thermal resistance, see Part 8§ — Insulation.

— Insulation with drainage grooves
Structural wall

Wall finish

Floor finish

Mesh-
reinforced

Structural

Filter floor

Tanking

Concrete
base

Water bar at

Granular backfill Lo
construction joint

Perforated drain pipe
Note: Reinforcement shown in previous details

Figure 2.6.5 Basement insulation.
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APPLICATION OF INSULATION

Existing construction

Assuming major excavation work and rebuilding is not viable, existing basements
can be considerably improved by applying rigid insulation to the walls and floor.
Surface finishes can be provided by drylining the walls with vapour check
plasterboard and covering the floor with particle board and a vapour control
underlay to minimise the risk of condensation.

New construction

A typical application of insulation is shown in Fig. 2.6.5. The insulation selected
is usually a closed-cell water-resistant extruded polystyrene of low thermal
conductivity and high compressive strength.



TREES: EFFECT ON FOUNDATIONS

Close proximity of trees to buildings can result in direct physical damage to
foundations, drains, paths, drives, etc., by growth and expansion of root systems.
With conventional strip foundations and those provided for pre-1950s dwellings,
where the concrete was rarely placed deeper than 0.5 m, it is advisable to maintain
a distance at least equal to the mature tree’s height between building and tree.
Some relaxation may be applied where tree species can be identified as having

less water demand. Guidance is given in Table 2.7.1 with approximate heights of
mature trees.

In the UK, shrinkable clays occur in specific areas found roughly below an
imaginary line linking the Humber estuary with a point intersecting the mouth
of the River Severn, as shown in Fig. 2.7.1.

Clay subsoils are particularly prone to changes in moisture content, with a high
degree of shrinkage apparent during periods of drought. When added to the effect
of moisture abstraction by vegetation (trees), voids and swallow holes are to be
expected. Clay heave is the opposite phenomenon, attributed partly to saturation
from inclement weather. It is more likely to be caused by removal of trees within
the immediate ‘footprint’ of new buildings or the immediate surrounds. Figure
2.7.2 shows cracking patterns in buildings due to these indirect sources of damage.

The accepted depth for foundations in clay subsoils is at least 900 mm in the
absence of trees. However, where trees are apparent or have been within the preceding
three years, the minimum depth of foundation must be calculated. Where insurers
issue structural guarantees, this depth can be determined from tables provided in
procedure manuals issued by the National House Building Council or Zurich
Municipal. Figure 2.7.3 provides some guidance, as an indication only, of the likely
depths of foundation excavation necessary where tree distance (4) to height (%) ratios
are less than unity. Beyond 1.5 m depth, conventional strip foundations will not be
economical or practically viable, but trench-filled concrete will be appropriate. For
foundations over 2 m, short-bored piles with ground beams are preferred.



Table 2.7.1 Tree characteristics

Species Approximate Water demand: H = high,
mature height (m) M = medium, L. = low
Elm 30 H
Oak 30 H
Poplar 30 H
Ash 30 M
Cedar 30 M
Chestnut 30 M
Hemlock 30 M
Lime 30 M
Larch 30 L
Scots pine 30 L
Cypress 25 H
Willow 25 H
Maple 25 M
Sycamore 25 M
Walnut 25 M
Beech 25 L
Birch 25 L
Holly 20 L
Cherry 15 M
Hawthorn 15 M
Rowan 15 M

Note: Where groups of trees occur and the subsoil is known to be moisture responsive
(i.e. shrinkable clay), the suggested building distance is 1.5 X mature height.

Figure 2.7.1 Area of UK with zones of shrinkable clay subsoils.
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Depth of foundation trench (m)

Species

ft

ortree dh=01 | 025|033 |05 066 075]|1.0

Poplar, elm Not 2.8 2.6 23 | 21 1.9 1.5

willow and oak | acceptable

Others Not 2.4 2.1 1.8 | 1.5 1.2 1.0
acceptable

Figure 2.7.3 Tree proximity and foundation depth.

I HEAVE PRECAUTIONS

In addition to foundation depths exceeding soil movement zones, the areas closer to
the surface must be provided with additional treatment. Here, prior to concreting,
the trench is prepared with a lining of low-density expanded polystyrene (or other
acceptable compressible material) along with an outer polythene sheet sleeving.
The polystyrene is designed to absorb seasonal clay movement, and the polythene
acts as a slip membrane preventing soil adhesion to the foundation. Figure 2.7.4
shows application to trench fill and piled foundations.
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STONEWORK

The natural formation of stones or rocks is a very long process, which commenced
when the earth was composed only of gases. These gases eventually began to
liquefy, forming the land and the sea, the land being only a thin crust or mantle to
the still molten core.

Igneous rocks originated from the molten state, plutonic rocks are those in the
lower part of the earth’s mantle, and hypabyssal rocks solidified rapidly near the
upper surface of the crust.

Stonework terminology

m Arris Meeting edge of two worked surfaces.

m Ashlar A square hewn stone; stonework consisting of blocks of stone finely
squared and dressed to given dimensions and laid to courses of not less than
300 mm in height.

m Bed joint Horizontal joint between two consecutive courses.

m Bonders Through stones or stones penetrating two-thirds of the thickness of
a wall.

m Cramp Non-ferrous metal or slate tie across a joint.

Dowel Non-ferrous or slate peg mortised into adjacent joints.

Joggle Recessed key filled with a suitable material, used between adjacent

vertical joints.

Lacing Course of different material to add strength.

Natural bed Plane of stratification in sedimentary stones.

Quarry sap Moisture contained in newly quarried stones.

Quoin Corner stone.

Stool Flat seating on a weathered sill for jamb or mullion.

String course Distinctive course or band used mainly for decoration.

Weathering Sloping surface to part of the structure to help shed the rain.
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@ BUILDING STONES

Stones used in building can be divided into three classes:

B igneous;
m sedimentary;
B metamorphic.

IGNEOUS STONES

These stones originate from volcanic action, being formed by the crystallisation of
molten rock matter derived from deep in the earth’s crust. It is the proportions of
these crystals that give the stones their colour and characteristics. Granites are
typical of this class of stone, being hard, durable, and capable of a fine, polished
finish. Granites are composed mainly of quartz, feldspar and mica.

SEDIMENTARY STONES

These stones are composed largely of material derived from the breakdown and
erosion of existing rocks deposited in layers under the waters that, at that time,
covered much of the earth’s surface. Being deposited in this manner, their section
is stratified, and shows to a lesser or greater degree the layers as deposited.

Some of these layers are visible only if viewed under a microscope. Under the
microscope it will be seen that all the particles lie in one direction, indicating the
flow of the current in the water. Sandstones and limestones are typical examples
of sedimentary stones.

Sandstones are stratified sedimentary rocks produced by eroded and
disintegrated rocks such as granite, being carried away and deposited by water
in layers. The brown and yellow tints in sandstones are due to the presence of
oxides of iron.

Limestones may be organically formed by the deposit of tiny shells and calcareous
(containing limestone) skeletons in the seas and rivers, or they may be formed
chemically by deposits of lime in ringed layers. Limestones vary considerably, from
a heavy crystalline form to a friable material such as chalk.

METAMORPHIC STONES

These are stones that have altered and may have been originally igneous or
sedimentary rocks, but have since been changed by geological processes such as
pressure, movement, heat and chemical reaction due to the infiltration of fluids.
Typical examples of this type of stone are marbles and slates.

Marbles are metamorphic limestones, their original structure having been
changed by pressure. Marbles, being capable of taking a high polish, are used
mainly for decorative work.

Slate is a metamorphic clay, having been subjected to great pressure and heat;
being derived from a sedimentary layer it can be easily split into thin members.
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Stones are obtained from quarries by blasting and wedging the blocks away from
the solid mass. They are partly worked in the quarry and then sent to store yards,
where they can be sawn, cut, moulded, dressed and polished to the customer’s
requirements.

Today, natural stones are sometimes used for facing prestige buildings, constructing
boundary or similar walls and, in those areas where natural stones occur, to preserve
the character of the district. The distribution of natural stones in the British Isles is
shown in Fig. 3.1.1.

B CAST STONES

Substitutes for natural stones are available in the form of cast stones, either as
reconstructed or as artificial stones. BS 1217 defines these as a building material
manufactured from cement and natural aggregate, for use in a manner similar to
and for the same purpose as natural stone.

RECONSTRUCTED STONE

These types of cast stone are homogeneous throughout and therefore have the same
texture and colour as the natural stones they are intended to substitute for. They are
free from flaws and stratification and can be worked in the same manner as natural

stone; alternatively, they can be cast into shaped moulds giving the required section.

ARTIFICIAL STONE

These stones consist partly of a facing material and partly of a structural concrete.
The facing is a mixture of fine aggregate of natural stone and cement or sand and
pigmented cement to resemble the natural stone colouring. This facing should be
cast as an integral part of the stone and have a minimum thickness of 20 mm. They
are cheaper than reconstructed stones but have the disadvantage that, if damaged,
the concrete core may be exposed.

B ASHLAR WALLING

This form of stone walling is composed of carefully worked stones, regularly
coursed, bonded and set with thin or rusticated joints, and is used for the majority
of high-class facing work in stone. The quoins are sometimes given a surface
treatment to emphasise the opening or corner of the building. The majority of
ashlar work is carried out in limestone varying in thickness from 100 to 300 mm and
set in mason’s putty, which is a mixture of stone dust, lime putty and Portland
cement, a typical mix ratio being 7:5:2.

RULES FOR ASHLAR WORK

m Back faces of ashlar stones should be painted with a bituminous or similar
waterproofing paint.
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Stonework
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Figure 3.1.2 Typical details of ashlar stonework.



116 Superstructure

10 mm fluting — could be horizontal—l
S S S S
LSS S ////4//A

Plain
Hammer : — Furrowed
dressed margin —
Chisel-pointed
Lvsurface
T i
7SS S S s S S s S S S S s SsS
TITITTITT
—
—
=]
L LI TTITTT
Plain sunk Rock faced Drafted margin
margin

Z f Z/Z/Z/f/ /’Z/L;///f// 1

() = Wavy
bands —
5\,?%1'3&3”(13 Reticulated

Channelled joint Vee and Vee joint
channelled joint

Figure 3.1.3 Typical surface and joint treatments.



Stonework 117

m FExternal stonework must not be taken through the thickness of the wall, because
this could create a passage for moisture.

m Ledges of cornices and external projections should be covered with lead, copper
or asphalt to prevent damage by rain or birds.

® Moulded cornices should be raked back at 45° to counteract the cantilever action.

m Faces of stones should be given a protective coat of slurry during construction,
the slurry being washed off immediately prior to completion.

Typical details of ashlar work are shown in Figs 3.1.2-3.1.5.

M RUBBLE WALLING

These are walls consisting of stones that are left in a rough or uneven state, thus
presenting a natural appearance to the face of the wall. These stones are usually laid
with a wide joint, and are frequently used in various forms in many rural areas.
They can be laid dry or bedded in earth in boundary walls, or bedded in lime
mortar when used for the walls of farm outbuildings; if used in conjunction with
ashlar stonework, a cement or gauged mortar is used. It is usual to build the quoins
to corners, window and door openings in dressed or ashlar stones. As with ashlar
work it is advisable to treat the face of any backing material with a suitable
waterproofing coat to prevent the passage of moisture or the appearance of cement
stains on the stone face.

Solid stone walls will behave in the same manner as solid brick walls with regard
to the penetration of moisture and rain: it will therefore be necessary to take the
same precautions in the form of damp-proof courses to comply with Part C of the
Building Regulations.

Typical examples of stone and rubble walling are shown in Figs 3.1.4, 3.1.6
and 3.1.7.
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Figure 3.1.6 Typical rubble walls.
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Figure 3.1.7 Typical stone walls.
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The history of the art of brickmaking and the craft of bricklaying can be traced
back to before 6000 Bc. It started in western Asia, spread eastwards, and was
introduced into this country by the Romans. The use of brickwork flourished
during the third and fourth centuries, after which the craft suffered a rapid decline
until its reintroduction from Flanders towards the end of the fourteenth century.
Since then it has been firmly established, and remains as one of the major building
materials.

BS 3921 specifically relates to bricks manufactured from clay for use in walling.
Other standards exist for units produced from calcium silicate (BS 187) and concrete
(BS 6073). A brick is defined in BS 3921 as a walling unit with coordinating or format
size of 225 mm length, 112.5 mm width and 75 mm height. Bricks are known by
their format size — that is, the actual or work size plus a 10 mm mortar joint allowance
to three faces. Therefore the standard brick of 225 mm X 112.5 mm X 75 mm has
actual dimensions of 215 mm X 102.5 mm X 65 mm. The terms used for bricks and
brickwork are shown in Figs 3.2.1, 3.2.2 and 3.2.3.

Brickwork is used primarily in the construction of walls by the bedding and
jointing of bricks into established bonding arrangements. The term also covers
the building-in of hollow and other lightweight blocks. The majority of the
bricks used today are made from clay or shale conforming to the requirements
of BS 3921.

@ MANUFACTURE OF CLAY BRICKS

The basic raw material is clay, shale or brickearth, all of which are in plentiful
supply in this country. The raw material is dug, and then prepared either by
weathering or by grinding before being mixed with water to the right plastic
condition. It is then formed into the required brick shape before being dried and
fired in a kiln.
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Difterent clays have different characteristics, such as moisture content and chemical
composition: therefore distinct variations of the broad manufacturing processes have
been developed, and these are easily recognised by the finished product.

PRESSED BRICKS

This is the type of brick most commonly used, accounting for nearly two-thirds
of the 5000 million produced on average in this country each year. There are two
processes of pressed brick manufacture: the semi-dry method and the stiff plastic
method.

By far the greatest number of bricks are made by the semi-dry pressed
process and are called flettons; these form over 40% of the total brick production
in Britain. The name originates from the village of Fletton outside Peterborough,
where the bricks were first made. This process is used for the manufacture of bricks
from the Oxford clays, which have a low natural plasticity. The clay is ground,
screened and pressed directly into the moulds.

The stiff plastic process is used mainly in Scotland, the north of England and
south Wales. The clays in these areas require more grinding than the Oxford clays,
and the clay dust needs tempering (mixing with water) before being pressed into the
mould.

All pressed bricks contain frogs, which are sometimes pressed on both bed faces.
In general, pressed bricks are more accurate in shape than other clay bricks, with
sharp arrises and plain faces.

WIRE-CUT BRICKS

Approximately 28% of bricks produced in Britain are made by this process. The
clay, which is usually fairly soft and of a fine texture, is extruded as a continuous
ribbon and is cut into brick units by tightly stretched wires spaced at the height or
depth for the required brick. Allowance is made during the extrusion and cutting
for the shrinkage that will occur during firing. Wire-cut bricks do not have frogs,
and on many the wire-cutting marks can be clearly seen.

SOFT MUD PROCESS BRICKS

This process is confined mainly to the south-eastern counties of England, where
suitable soft clays are found. The manufacture can be carried out by machine or
by hand, either with the natural clay or with a mixture of clay and lime or chalk.
In both methods the brick is usually frogged, and is less accurate in shape than
other forms of bricks. Sand is usually used in the moulds to enable the bricks to be
easily removed, and this causes an uneven patterning or creasing on the face.

/@ BRICK CLASSIFICATION

Bricks are a diverse product: therefore they are difficult to standardise for classification.
They may be known by the terms used in BS 3921 — that is, compressive strength
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(N/mm?) and percentage by mass water absorption. Alternatively, the manufacturer’s
name or catalogue descriptions may be used, possibly in combination with the BS
characteristics. The minimum compressive strength acceptable to the Building
Regulations is 5 N/mm? over gross sectional area (2.8 N/mm? for blocks).

Some common terminology:

VARIETIES

m Common Suitable for general building work but having no special claim to
give an attractive appearance.

m Facing Specially made or selected to have an attractive appearance when used
without rendering or plaster.

m Engineering Having a dense and strong semi-vitreous body conforming to
defined limits for absorption and strength.

QUALITIES

m Internal Suitable for internal use only; may need protection on site during bad
weather or during the winter.

B Ordinary Less durable than special quality but normally durable in the
external face of a building. Some types are unsuitable for exposed situations.

m Special For use in conditions of extreme exposure where the structure may
become saturated and frozen, such as retaining walls and pavings.

TYPES

m Solid Those in which small holes passing through or nearly through the
brick do not exceed 25% of its volume, or in which frogs do not exceed 20% of
its volume. A small hole is defined as a hole less than 20 mm wide or less than
500 mm” in area.

m Perforated Those in which holes passing through the brick exceed 25% of its
volume and the holes are small as defined above.

m Hollow Those in which the holes passing through the brick exceed 25% of its
volume and the holes are larger than those defined as small holes.

B Cellular Those in which the holes are closed at one end and exceed 20% of
the volume of the brick.

OTHER CLASSIFICATIONS

Bricks may also be classified by one or more of the following:

place of origin, for example LLondon;
raw material, for example clay;
manufacture, for example wire-cut;
use, for example foundation;

colour, for example blue;

surface texture, for example sand-faced.
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B CALCIUM SILICATE BRICKS

These bricks are also called sandlime and sometimes flintlime bricks and are
covered by BS 187, which gives several classes of brick: the higher the numbered
class, the stronger is the brick. The format size of a calcium silicate brick is the
same as that given for a standard clay brick.

These bricks are made from carefully selected clean sand and/or crushed flint
mixed with controlled quantities of lime and water. At this stage colouring pigments
can be added if required; the relatively dry mix is then fed into presses to be formed
into the required shape. The moulded bricks are then hardened in sealed and
steam-pressurised autoclaves. This process, which takes from 7-10 hours, causes a
reaction between the sand and the lime, resulting in a strong homogeneous brick
that is ready for immediate delivery and laying. The bricks are very accurate in size
and shape but do not have the individual characteristics of clay bricks.

B CONCRETE BRICKS

These are made from a mixture of inert aggregate and cement in a similar fashion
to calcium silicate bricks, and are cured either by natural weathering or in an
autoclave. Details of the types and properties available as standard concrete bricks
are given in BS 6073.

M MORTARS FOR BRICKWORK

The mortar used in brickwork transfers the tensile, compressive and shear stresses
uniformly between adjacent bricks. To do this it must satisfy certain requirements:

m [t must have adequate strength, but not greater than that required for the design
strength.

It must have good workability.

It must retain plasticity long enough for the bricks to be laid.

It must be durable over a long period.

It must bond well to the bricks.

It must be able to be produced at an economic cost.

If the mortar is weaker than the bricks, shrinkage cracks will tend to follow the
joints of the brickwork, and these are reasonably easy to make good. If the mortar is
stronger than the bricks, shrinkage cracks will tend to be vertical through the joints
and the bricks, thus weakening the fabric of the structure.

MORTAR MIXES

Mortar is a mixture of sand and lime or a mixture of sand and cement with or
without lime. Proportioning of the materials can be carried by volume, but this
method is inaccurate, and it is much better to proportion by weight. The effect of
the lime is to make the mix more workable, but as the lime content increases the
mortar’s resistance to damage by frost action decreases.
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Plasticisers, by having the effect of entraining small bubbles of air in the mix
and breaking down surface tension, will also increase the workability of a mortar.

Mortars should never be re-tempered, and should be used within 2 hours of
mixing or be discarded.

Typical mixes (by volume)

B Cement mortar (cement:sand):
m 1:3 — suitable for brickwork in exposed conditions such as parapets and for
brickwork in foundations;
B Lime mortar (lime:sand):
m 1:3 — for internal use only;
B Gauged mortars (cement:lime:sand):
m 1:1:6 — suitable for most conditions of severe exposure;
m 1:2:9 — suitable for most conditions except those of severe exposure;
m 1:3:12 — internal use only.

I DAMPNESS PENETRATION

It is possible for dampness to penetrate into a building through the brick walls by
one or more of three ways:

1. by the rain penetrating the head of the wall and soaking down into the building
below the roof level,

2. by the rain beating against the external wall and soaking through the fabric into
the building;

3. by ground moisture entering the wall at or near the base and creeping up the wall
by capillary action and entering the building above the ground floor level.

Numbers 1 and 3 can be overcome by the insertion of a suitable damp-proof course
in the thickness of the wall. Number 2 can be overcome by one of two methods:

m applying to the exposed face of the wall a barrier such as cement rendering or
some suitable cladding such as vertical tile hanging;

B constructing a cavity wall, whereby only the external skin becomes damp, the
cavity providing a suitable barrier to the passage of moisture through the wall.

DAMP-PROOF COURSES

The purpose of a damp-proof course in a building is to provide a barrier to the
passage of moisture from an external source into the fabric of the building, or from
one part of the structure to another. Damp-proof courses may be either horizontal
or vertical, and can generally be divided into three types:

m those below ground level to prevent the entry of moisture from the soil;

m those placed just above ground level to prevent moisture creeping up the wall by
capillary action; this is sometimes called rising damp;

m those placed at openings, parapets and similar locations to exclude the entry of
the rainwater that falls directly onto the fabric of the structure.
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Materials for damp-proof courses

BS 743: Specification for materials for damp-proof courses gives seven suitable
materials for the construction of damp-proof courses, all of which should have the
following properties:

m be completely impervious;

®m be durable, having a longer life than the other components in the building and
therefore not needing replacing during its lifetime;

®m be in comparatively thin sheets so as to prevent disfigurement of the building;

m be strong enough to support the loads placed upon it without exuding from
the wall;

m be flexible enough to give with any settlement of the building without fracturing.

The following also apply:

m BS 6398: Specification for bitumen damp-proof courses for masonry;
m BS 6515: Specification for polyethylene damp-proof courses for masonry;
m BS 8215: Code of practice for design and installation of damp-proof courses in

masonry construction.

Lead

This should be at least to BS EN 12588: Lead and lead alloys. Rolled lead sheet for
building purposes; it is a flexible material supplied in thin sheets, and therefore large
irregular shapes with few joints can be formed, but it has the disadvantage of being
expensive.

Copper
This should have a minimum thickness of (.25 mm; like lead it is supplied in thin
sheets and is expensive.

Bitumen

This is supplied in the form of a felt, usually to brick widths, and is therefore laid
quickly with the minimum number of joints. Hessian and other fibrous-based
bitumens may be found in older construction, but they are now largely superseded
by dpc’s of plastic materials.

Mastic asphalt
Applied in two layers giving a total thickness of 25 mm,; it is applied in-situ and is
therefore jointless, but is expensive in small quantities.

Polythene
Black low-density polythene sheet of single thickness not less than (.5 mm thick
should be used; it is easily laid but can be torn and punctured easily.

Slates
These should not be less than 230 mm long nor less than 4 mm thick and laid in
two courses set breaking the joint in cement mortar 1:3. Slates have limited



Brickwork 129

flexibility but are impervious and very durable. Cost depends upon the area in
which the building is being erected.

Bricks

These should comply with the requirements of BS 3921 ‘engineering’ classification.
They are laid in two courses in cement mortar, and may contrast with the general
appearance of other brickwork in the same wall.

B BRICKWORK BONDING

When building with bricks it is necessary to lay the bricks to some recognised
pattern or bond in order to ensure stability of the structure and to produce a
pleasing appearance. All the various bonds are designed so that no vertical joint in
any one course is directly above or below a vertical joint in the adjoining course.
To simplify this requirement special bricks are produced to BS 4729: Specification
for dimensions of bricks of special shapes and sizes. Alternatively, the bricklayer can
cut from whole bricks on site. Application of some of these specials is shown in
Fig. 3.2.4, with some additions in Fig. 3.2.5. The various bonds are also planned
to give the greatest practical amount of lap to all the bricks, and this should not be
less than a quarter of a brick length. Properly bonded brickwork distributes the
load over as large an area of brickwork as possible, so that the angle of spread of

the load through the bonded brickwork is 60°.

COMMON BONDS

m Stretcher bond Consists of all stretchers in every course and is used
for half-brick walls and the half-brick skins of hollow or cavity walls
(see Fig. 3.2.6).

m English bond A very strong bond consisting of alternate courses of headers
and stretchers (see Fig. 3.2.7).

m Flemish bond Each course consists of alternate headers and stretchers; its
appearance is considered to be better than English bond, but it is not quite so
strong. This bond requires fewer facing bricks than English bond, needing only
79 bricks per square metre as opposed to 89 facing bricks per square metre for
English bond. This bond is sometimes referred to as double Flemish bond
(see Fig. 3.2.8).

m Single Flemish bond A combination of English and Flemish bonds, having
Flemish bond on the front face with a backing of English bond. It is considered
to be slightly stronger than Flemish bond. The thinnest wall that can be built
using this bond is a one-and-a-half brick wall.

m English garden wall bond Consists of three courses of stretchers to one
course of headers.

m Flemish garden wall bond Consists of one header to every three stretchers
in every course; this bond is fairly economical in facing bricks and has a pleasing
appearance.
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Figure 3.2.5 Purpose-made bricks.
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Figure 3.2.7 Typical English bond details.
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Figure 3.2.9 Special bonds.
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Reinforced concrete column

Infill panel to column connection,
see Ch. 8, Advanced Construction Technology

Ties at max. 600 mm spacing
horizontally, max. 225 mm
spacing vertically and staggered

St/st wire mesh,
alternate courses
for moderate loads

to structure =
Bricks laid with

perpends continuous

Figure 3.2.10 Reinforced stack bond.

SPECIAL BONDS

m Rat-trap bond This is a brick on edge bond and gives a saving on materials
and loadings, suitable as a backing wall to a cladding such as tile hanging
(see Fig. 3.2.9).

B Quetta bond Used on one-and-a-half brick walls for added strength; suitable
for retaining walls (see Fig. 3.2.9).

m Stack bond A brickwork feature used for partitions and infill panels.
Bricks may be laid on bed or end with continuous vertical joints. Figure 3.2.10
shows steel-mesh-reinforced horizontal bed joints to compensate for the lack
of conventional bond.

METRIC MODULAR BRICKWORK

The standard imperial format brick does not fit reasonably well into the
system of dimensional coordination, with its preferred dimension of 300 mm.
Metric modular bricks have been designed and produced with four different
formats (see Fig. 3.2.11), but BS 6649: Specification for clay and calcium
silicate modular bricks provides only for a single format of 200 mm X 100 mm
X 75 mm.

The bond arrangements are similar to the well-known bonds but are based on
third bonding: that is, the overlap is one-third of a brick and not one-quarter as
with the standard format brick. Examples of metric modular brick bonding are
shown in Fig. 3.2.11.



Brickwork 137

90 or 65 90 or 65

Format size 300 x 100 x 100 Format size 200 x 100 x 100
or 300 x 100 x 75 or 200 x 100 x 75

Metric modular bricks

190 long
headers

o
o
(2]
Q
4
o
3 =
[32]
3 No. cut bricks
Header and stretcher bond
190 190 long 290 long
stretchers stretchers
e}
©

4 courses

190 headers and
stretchers

Header stretcher bond

Figure 3.2.11 Metric modular brickwork.
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Figure 3.2.12 Typical footings.

FOOTINGS

These are wide courses of bricks placed at the base of a wall to spread the load
over a greater area of the foundations. This method is seldom used today; instead
the concrete foundation would be reinforced to act as a beam or reinforced strip.
The courses in footings are always laid as headers as far as possible; stretchers,

if needed, are laid in the centre of the wall (see Fig. 3.2.12).

BOUNDARY WALLS

These are subjected to severe weather conditions and therefore should be correctly
designed and constructed. If these walls are also acting as a retaining wall the
conditions will be even more extreme, but the main design principle of the
exclusion of water remains the same. The presence of water in brickwork can lead
to frost damage, mortar failure and efflorescence. The incorporation of adequate
damp-proof courses and overhanging throated copings is of the utmost importance
in this form of structure (see Fig. 3.2.13).

Efflorescence

This is a white stain appearing on the face of brickwork caused by deposits

of soluble salts formed on or near the surface of the brickwork as a result of
evaporation of the water in which they have been dissolved. It is usually harmless,
and disappears within a short period of time; dry brushing or with clean water
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Figure 3.2.14 Lacing course (see also Fig. 3.1.7).

may be used to remove the salt deposit, but the use of acids should be left to
the expert.

M FEATURE BRICKWORK

Repetitive brickwork can be visually very monotonous. Some relief can be provided
with coloured mortars and method of pointing. Greater opportunity for artistic
expression is achieved by varying the colours and textures of the bricks to produce
patterns and images on a wall. A further dimension is obtained by using cut and
purpose-made bricks as projecting features. Some possible applications are shown
in Figs 3.2.14-3.2.18.
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+  BLOCKWORK

A block can be defined as a walling unit exceeding the BS dimensions specified for
bricks, and its height should not exceed either its length or six times its thickness.
This avoids confusion with slabs or panels. Blocks are produced in clay and various
cement/aggregate mixes, including wood chippings.

W CLAY BLOCKS

These have format size of 300 x 225 x 62.5, 75, 100 or 150 mm width. They are
manufactured hollow by an extrusion process and are fired as for clay bricks.

The standard six (150 mm) cavity block has been used for the inner skin of cavity
walls, but has now been superseded by developments in lightweight concrete blocks.
The three (75 mm) cavity block is intended primarily for partitions. 150 mm blocks
are also used in the warmer climates of the world as a single-leaf external walling
with rendered and emulsioned finish. Chapter 4.6 shows another application to
structural concrete floors. Typical details are shown in Fig. 3.3.1.

I/ PRECAST CONCRETE BLOCKS

The specification and manufacture of precast concrete blocks or masonry units is
covered in BS 6073. Classification is by compressive strength categories: 2.8, 3.5, 5,
7,10, 15, 20 and 35 N/mm?.

The density of a precast concrete block gives an indication of its compressive
strength — the greater the density the stronger the block. Density will also give an
indication as to the thermal conductivity and acoustic properties of a block. The
lower the density the lower is the thermal conductivity factor, whereas the higher
the density the greater is the reduction of airborne sound through the block.

The actual properties of different types of precast concrete block can be obtained
from manufacturers’ literature together with their appearance classification such as
plain, facing or special facing.
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Figure 3.3.1 Hollow clay blocks and blockwork.
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Aerated concrete for blocks is produced by introducing air or gas into the mix
so that, when set, a uniform cellular block is formed. The usual method employed is
to introduce a controlled amount of fine aluminium powder into the mix; this reacts
with the free lime in the cement to give off hydrogen, which is quickly replaced by
air and so provides the aeration.

Precast concrete blocks are manufactured to a wide range of standard sizes, the
most common face format sizes being 400 mm X 200 mm and 450 mm X 225 mm,
with thicknesses of 75, 90, 100, 140, 190 and 215 mm. Typical details are shown

in Fig. 3.3.2.
Groove
Keyed surface block Solid block
Holes Pockets
IS Q‘—%
Hollow block Cellular block
Outer skin of facing brick
[ uter skin ot facing bricks Alternate courses block
Vertical DPC bonded to external wall
50 cavity
" insulated

5|S as required
2| s
2o
Sl ©
K
™3
1]
A
X

!

Partition

-~
t wall
Cavity closed with

rigid insulation (see Fig. 8.4.1)

Stopped end

Figure 3.3.2 Precast concrete blocks and brickwork.
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Concrete blocks are laid in what is essentially stretcher bond and joined to other
walls by block bonding or by leaving metal ties or strips projecting from suitable
bed courses. As with brickwork the mortar used in blockwork should be weaker
than the material of the walling unit; generally a 1:2:9 gauged mortar mix will be
suitable for work above ground level.

Concrete blocks shrink on drying out: therefore they should not be laid until
the initial drying shrinkage has taken place (usually this is about 14 days under
normal drying conditions), and should be protected on site to prevent them from
becoming wet, expanding and causing subsequent shrinkage, possibly resulting in
cracking of the blocks and any applied finishes such as plaster. Where length of
wall exceed 6 m or thereabouts, it is necessary to incorporate vertical movement
joints. These comprise a stainless steel or galvanised steel former incorporating
horizontal bed joint ties at 450 mm spacing. Figure 3.3.3 shows the installation with

Ribbed bonding tie

Former
_ L jr_ _ l»_flasti_c—sleeved continuity tie

— Galvanised or stainless steel
former at 6 m spacing

Ties at 450 mm
spacing, initial tie
at 225 mm

Lightweight concrete
blockwork partition
wall

Mastic sealant
pointing and fire
stopping (if required)

Figure 3.3.3 Blockwork movement joint (BS 5628: Part 3: Use of masonry).
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bonded profiled or perforated ties to one side and plastic-sleeved ties to the other to
maintain continuity and facilitate movement.
The main advantages of blockwork over brickwork are:

labour saving — easy to cut, larger units;

easier fixings — most take direct fixing of screws and nails;
higher thermal insulation properties;

lower density;

provides a suitable key for plaster and cement rendering.

The main disadvantages are:

lower strength;
less resistance to rain penetration;
loadbearing properties less (one- or two-storey application);

]
]
]
m lower sound insulation properties.



CAVITY WALLS

A wall constructed in two leaves or skins with a space or cavity between them is
called a cavity wall, and it is the most common form of external wall used in
domestic building today. The main purpose of constructing a cavity wall is to
prevent the penetration of rain to the internal surface of the wall. It is essential
that the cavity is not bridged in any way, as this would provide a passage for the
moisture.

Air bricks have been used to ventilate the cavity, and these would be built in
at the head and base of the cavity wall in order that a flow of air might pass
through the cavity thus drying out any moisture that had penetrated the outer leaf.
Unless the wall is exposed to very wet conditions the practice of inserting air bricks
to ventilate the cavity is not now recommended, because it lowers the thermal and
sound insulation values of the wall.

The main consideration in the construction of a cavity wall above ground-level
damp-proof course is the choice of a brick or block that will give the required
durability, strength and appearance and also conform to Building Regulation
requirements. The main function of the wall below ground-level damp-proof course
is to transmit the load safely to the foundations; in this context the two half-brick
or block leaves forming the wall act as retaining walls. There is a tendency for the
two leaves to move towards each other because of the pressure of the soil and the
space provided by the cavity. To overcome this problem the cavity below ground
level is filled with a weak mix of concrete, thus creating a solid wall in the ground
(see Fig. 3.4.1). Alternatively, the substructural wall may be built solid. It is also
advisable to leave out every fourth vertical joint in the external leaf at the base of the
cavity and above the cavity fill, to allow any moisture trapped in the cavity a means
of escape.

Parapets, whether solid or of cavity construction, are exposed to the elements
on three sides and need careful design and construction. They must be provided
with adequate barriers to moisture in the form of damp-proof courses, as dampness
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Figure 3.4.1 Typical cavity wall details.

could penetrate the structure by soaking down the wall and bypassing the roof
and entering the building below the uppermost ceiling level. A solid parapet wall
should not be less than 150 mm thick and not less than the thickness of the wall on
which it is carried, and its height should not exceed four times its thickness. The
recommended maximum heights of cavity wall parapets are shown in Fig. 3.4.2.

/W BUILDING REGULATIONS

Regulation A1 requires that a building shall be so constructed that the combined
dead, imposed and wind loads are sustained and transmitted to the ground safely
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Figure 3.4.2 Parapets.

and without causing any movement that will impair the stability of any part of
another building. Guidance to meet these requirements for cavity walls is given
in Approved Document A.

Section 2C of this document considers full storey-height cavity walls for

residential buildings of up to three storeys and requires that:

1.

The compressive strengths of bricks and blocks should be not less than
5 N/mm?” and 2.8 N/mm? respectively for buildings up to two storeys.
Greater strength classifications are required for three-storey buildings
(see Approved Document A, Section 2C, Diagram 7).

. Cavities (gap between masonry faces) should be at least 50 mm, but may be

up to 300 mm. Both leaves in cavity walls should have ties embedded at least
50 mm into adjacent masonry.

. Wall ties should comply with BS EN 845-1: Specification for ancillary components

Jor masonry. Ties, tension straps, hangers and brackets. Plastic and galvanised steel
ties have been used, but now the preferred material is austenitic stainless steel.
Maximum spacings are shown in Fig. 3.4.3. Cavities < 75 mm may be tied with
butterfly pattern ties, but in excess of this they should be provided with twisted
pattern ties.

. Cavity walls normally have leaves at least 90 mm thick. An exception is with

leaves of 65—90 mm thickness and cavity up to 75 mm with ties at 450 mm max.
horizontal spacing.
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5. The combined thickness of the two leaves of a cavity wall should be not less than
190 mm for a maximum wall height of 3.5 m and length not exceeding 12 m, and
also for heights between 3.5 m and 9 m in wall lengths not exceeding 9 m. Wall
lengths and heights up to 12 m require a minimum thickness of 290 mm. Variations:

Wall height Wall length Wall thickness

<12m <9m 290 mm for one storey
190 mm for remainder
<12m <12m 290 mm for two storeys

190 mm for remainder

6. Mortar should be as given for mortar designation (iii) in BS 5628-1: Structural use
of unremnforced masonry, or a gauged mortar mix of 1:1:6 by volume, or its equivalent.

7. Cavity walls of any length need to be provided with roof lateral support. Walls
over 3 m length will also require floor lateral support at every floor forming a
junction with the supported wall. If roof lateral support is not provided by
type of covering (tiles or slates), a pitch of 15° or more plus a minimum wall
plate bearing of 75 mm, durable metal straps with a minimum cross-section of
30 mm X 5 mm will be needed at not more than 2 m centres (see Fig. 6.1.9). If
the floor does not have at least a 90 mm bearing on the supported wall, lateral
support should be provided by similar straps at not more than 2 m spacing, or
the joists should be fixed using restraint-type joist hangers (see Fig. 4.7.1).

PREVENTION OF DAMP IN CAVITY WALLS

Approved Document C recommends a cavity to be carried down at least 150 mm
below the lowest damp-proof course, and that any bridging of the cavity, other than
a wall tie or closing course protected by the roof, is to have a suitable damp-proof
course to prevent the passage of moisture across the cavity. Where the cavity is
closed at the jambs of openings a vertical damp-proof course should be inserted
unless some other suitable method is used to prevent the passage of moisture from
the outer leaf to the inner leaf of the wall.

Approved Document C recommends a damp-proof course to be inserted in all
external walls at least 150 mm above the highest adjoining ground or paving to
prevent the passage of moisture rising up the wall and into the building, unless
the design is such that the wall is protected or sheltered.

/M ADVANTAGES AND DISADVANTAGES

ADVANTAGES OF CAVITY WALL CONSTRUCTION
These can be listed as follows:

m able to withstand a driving rain in all situations from penetrating to the inner
wall surface;

m gives good thermal insulation, keeping the building warm in winter and cool in
the summer;
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m no need for external rendering;

enables the use of cheaper and alternative materials for the inner construction;

® anominal 255 mm cavity wall has a higher sound insulation value than a
standard one-brick-thick wall;

® can accommodate supplementary insulation material.

DISADVANTAGES OF CAVITY WALL CONSTRUCTION
These can be listed as follows:

m requires a high standard of design and workmanship to produce a soundly
constructed wall — this will require good supervision during construction;

m the need to include a vertical damp-proof course to all openings;

m slightly dearer in cost than a standard one-brick-thick wall.

M JOINTING AND POINTING

These terms are used for the finish given to both the vertical and the horizontal
joints in brickwork irrespective of whether the wall is of brick, block, solid or cavity
construction.

Jointing is the finish given to the joints when carried out as the work proceeds.

Pointing is the finish given to the joints by raking out to a depth of
approximately 20 mm and filling in on the face with a hard-setting cement mortar,
which could have a colour additive. This process can be applied to both new and
old buildings. Typical examples of jointing and pointing are shown in Fig. 3.4.4.

Flush joint

Strong
cm. mt.

Recessed joint Weathered pointing

Applied |- | - 777

finish =+ « [~
2 B 4
Weathered joint Raked-out joint

Figure 3.4.4 Brick joints.



OPENINGS IN WALLS

An opening in an external wall consists of a head, jambs or reveals, and a sill or
threshold.

/M HEAD

The function of a head is to carry the load of brickwork over the opening and
transmit this load to the jambs at the sides. To fulfil this task it must have the
capacity to support the load without unacceptable deflection. A variety of materials
and methods is available in the form of a lintel or beam, such as:

Timber Suitable for light loads and small spans; the timber should be treated

with a preservative to prevent attack by beetles or fungi.

Steel

m For small openings — a mild steel flat or angle section can be used to carry the
outside leaf of a cavity wall, the inner leaf being supported by a concrete or
steel lintel.

m For medium spans — a channel or joist section is usually suitable.

m For large spans — a universal beam section to design calculations will be needed.

Steel lintels and beams that are exposed to the elements should be either

galvanised or painted with several coats of bituminous paint to give them

protection against corrosion.

Concrete These can be designed as in-situ or precast reinforced beams or

lintels and can be used for all spans. Prestressed concrete lintels are available for

the small and medium spans (see Chapter 10, Advanced Construction Technology).

Stone These can be natural, artificial or reconstructed stone but are generally

used as a facing to a steel or concrete lintel (see Fig. 3.1.5).

Brick Unless reinforced with mild steel bars or mesh, brick lintels are suitable

only for small spans up to 1 m but, like stone, bricks are also employed as a

facing to a steel or concrete lintel.
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Typical head treatments to openings (pre-1985 Building Regulations).
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Figure 3.5.2 Typical head treatments to openings.

Lintels require a bearing at each end of the opening; the amount will vary with the
span, but generally it will be 100 mm for the small spans and up to 225 mm for the
medium and large spans. In cavity walling a damp-proof course will be required where
the cavity is bridged by the lintel, and this should extend at least 150 mm beyond
each end of the lintel. Open joints are sometimes used to act as weep holes; these are
placed at 900 mm centres in the outer leaf immediately above the damp-proof course.
Typical examples of head treatments to openings are shown in Figs 3.5.1 and 3.5.2.

B ARCHES

These are arrangements of wedge-shaped bricks designed to support each other
and carry the load over the opening round a curved profile to abutments on either
side. Full details of arch construction are given in the next chapter.

B JAMBS

In solid walls these are bonded to give the required profile and strength; examples
of bonded jambs are shown in Fig. 3.2.4. In cavity walls the cavity can be closed

at the opening by using a suitable frame, or by turning one of the leaves towards the
other, forming a butt joint in which is incorporated a vertical damp-proof course

as required by the Building Regulations. Typical examples of jamb treatments to
openings are shown in Figs 3.5.3 and 3.5.4.

B SILL

The function of a sill is to shed rainwater, which has run down the face of the window
or door and collected at the base, away from the opening and the face of the wall.
Many methods and materials are available; appearance and durability are the
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Figure 3.5.4 Typical jamb treatments to openings.

main requirements, as a sill is not a member that is needed to carry heavy loads.
Sills, unlike lintels, do not require a bearing at each end. Typical examples of sill
treatments to openings are shown in Figs 3.5.5 and 3.5.6.

I CONSERVATION OF FUEL ENERGY

The details shown in Figs 3.5.1, 3.5.3 and 3.5.5 are no longer acceptable by UK
building standards for new housing, because of inadequate thermal insulation
and the opportunity for thermal bridging (see Chapter 8.3). However, much of
our existing housing stock is constructed in this manner, and therefore these
illustrations are retained as historic reference.

B CHECKED OPENINGS
REVEAL

That part of an opening returning at right angles from the front face of a wall.

The traditional construction for door and window reveals includes a check or recess
to accommodate the frame. It also provides a barrier against draught and rain
penetration. Examples of this dated, but nevertheless existing, construction are
shown in Fig. 3.5.7.
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Figure 3.5.8 Principal areas exposed to driving rain.

BUILDING REGULATIONS

> 100 I/m? per spell

60-100 I/m? per spell

Approved Document C: Site preparation and resistance to contaminants and moisture
identifies the need to incorporate checked rebates at openings exposed to driving
rain. In the UK, driving rain exposure zones are mainly to the west and south-west
coasts, as shown in Fig. 3.5.8. Isolated situations also occur, and location of these
can be obtained from the local authority building control department. In keeping
with the traditional construction shown, the frame is set behind the outer leaf of
masonry. Contemporary practice also requires an insulated cavity, vertical dpc and

cavity closer, as shown in Fig. 3.5.9.
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1. In areas most exposed to driving rain, a 50 mm air gap in the cavity between
inner and outer leaf is necessary to prevent dampness bridging the insulation.

2. The detail shown has a 100 mm cavity part insulated and a 100 mm insulating
block inner leaf. This will provide a U value of about 0.35. A 100 mm fully insulated
cavity in a brick and insulating block wall has a U value of about 0.27.

3. To achieve the lesser U value and still retain a 50 mm air gap, the thickness of the
inner leaf of insulating blockwork may be increased and/or additional insulation applied
to the inside of the inner leaf behind a protective plasterboard lining.

4. See Part 8 — Insulation, for definition and calculation of U values.

Figure 3.5.9 Contemporary checked openings.



*  ARCHES

These are arrangements of wedge-shaped bricks called voussoirs, which are
designed to support each other and carry the load over the opening, round a
curved profile, to abutments on either side. An exception to this form is the flat
or ‘soldier’ arch constructed of bricks laid on end or on edge.

When constructing an arch it must be given temporary support until the brick
joints have set and the arch has gained sufficient strength to support itself and carry
the load over the opening. These temporary supports are called centres and are
usually made of timber; their design is governed by the span, load and thickness
of the arch to be constructed.

I/ SOLDIER ARCHES

This type of arch consists of a row of bricks showing on the face either the end or
the edge of the bricks. Soldier arches have no real strength, and if the span is over
1000 mm they will require some form of permanent support such as a metal flat or
angle (see Fig. 3.5.1). If permanent support is not given, the load will be transferred
to the head of the frame in the opening instead of the jambs on either side. Small
spans can have an arch of bonded brickwork by inserting into the horizontal joints
immediately above the opening some form of reinforcement such as expanded
metal or bricktor, which is a woven strip of high-tensile steel wires designed for
the reinforcement of brick and stone walls. It is also possible to construct a soldier
arch by inserting metal cramps in the vertical joints and casting these into an
in-situ backing lintel of reinforced concrete.

/@ ROUGH ARCHES

These arches are constructed of ordinary uncut bricks; being rectangular in shape,
they give rise to wedge-shaped joints. To prevent the thick end of the joint from
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becoming too excessive, rough arches are usually constructed in header courses.
The rough arch is used mainly as a backing or relieving arch to a gauged brick
or stone arch, but they are sometime used in facework for the cheaper form of
building or where appearance is of little importance.

B GAUGED ARCHES

These are the true arches and are constructed of bricks cut to the required

wedge shape, called voussoirs. The purpose of voussoirs is to produce a uniform
thin joint that converges onto the centre point or points of the arch. There are

two methods of cutting the bricks to the required wedge shape: axed and rubbed.
If the brick is of a hard nature it is first marked with a tin saw, to produce a sharp
arris, and then it is axed to the required profile. For rubbed brick arches a soft
brick called a rubber is used; the bricks are first cut to the approximate shape
with a saw, and are then finished off with an abrasive stone or file to produce the
sharp arris. In both cases a template of plywood or hardboard to the required shape
will be necessary for marking out the voussoirs. Typical examples of stone arches
are shown in Fig. 3.1.4; the terminology and setting out of simple brick arches is
shown in Fig. 3.6.1.

CENTRES

These are temporary structures, usually of light timber construction, which are
strong enough to fulfil their function of supporting arches of brick or stone while
they are being built and until they are sufficiently set to support themselves and the
load over the opening. Centres can be an expensive item to a builder: therefore
their design should be simple and adaptable so that as many uses as possible can be
obtained from any one centre. A centre is always less in width than the soffit of an
arch to allow for plumbing — that is, alignment and verticality of the face with a
level or rule.

The type of centre to be used will depend upon:

m the weight to be supported;
m the span;
m the width of the soffit.

Generally soffits not wider than 150 mm will require one rib at least 50 mm
wide, and are usually called turning pieces. Soffits from 150 to 350 mm require
two ribs, which are framed together using horizontal tie members called laggings.
Soffits over 350 mm require three or more sets of ribs. The laggings are used to tie
the framed ribs together and to provide a base upon which the arch can be built.
Close laggings are those that are touching each other, forming a complete seating for
a gauged arch; open laggings, spaced at twice the width of the laggings, centre to
centre, are used for rough arches.

If the arch is composed of different materials — for example a stone arch with a
relieving arch of brickwork — a separate centre for each material should be used.
Typical examples of centres for brick arches are shown in Figs 3.6.2, 3.6.3 and 3.6.4.



164 Superstructure

Allow 40 mm for every 300 mm of span

- — Gauged brickwork ‘J—r—l__lz
N [ |

300

£ Allow 3 mm for
every 300 mm
— of span

Camber to correct
illusion of sagging

Camber arch

— Key brick

Voussoirs
Skewback W 1 fJ;—]:

[ [<— Abutment — Rise %of

J4 span

L Span

Gauged segmental arch

Key brick ,’_l__l;_—]:
Voussoirs ! I l
Extrados
,{/
Intrados or
soffit
Springing <
1 _ l— Springer
Abutment l
L S 7 B

Gauged semicircular arch
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CAVITY TRAYS

Arch construction can be simplified with structural support from a proprietary
galvanised or stainless steel combined cavity tray and damp-proof course.

Figure 3.6.5 shows the application and omission of conventional centring, saving
considerable construction time as temporary supports are not required. The tray
unifies the structural support with the damp-proof course and remains an integral
part of the structure. Arch profiles are limited to tray manufacturers’ designs and
spans, but most will offer semicircular and segmental as standard, with gothic,
elliptical, ogee and triangular styles available to order. Clear spans up to about

2 m are possible.



+  TIMBER-FRAMED HOUSING

Timber framing of softwood members and sheet facings has a long association with
non-loadbearing partition walls (see timber stud partitions — Chapter 7.7). Loadbearing
timber walls for small buildings such as dwelling houses may be constructed by
creating a framework of relatively small timbers (up to ex. 150 mm X 50 mm (The ‘ex’
means ‘out of ’.)) spaced vertically at 400 or 600 mm. These are known as studs and
have short struts of timber or noggins placed between them at 1 m maximum spacing
to prevent distortion. Some panel prefabricators provide thin galvanised steel diagonal
bracing as an alternative to struts. Head and sole plates complete the framing.

With the benefit of quality control procedures and efficient industrial
manufacturing processes, the high cost of imported timber in the UK is offset by
effective factory prefabrication of complete wall, floor and roof units. Furthermore,
rationalised site assembly with mobile crane and semi-skilled operatives provides
for considerable saving in construction time.

As a construction material, timber is comparatively light; it is therefore easy
to handle and is less of a structural dead weight factor than traditional masonry.

It has a high strength to weight ratio and is also very stiff when related to its
strength. Prefabrication of structural units eliminates the need for skilled carpentry
as all joints are simply nailed.

Apart from the cost of timber, the other disadvantages are poor resistance to
fire in sizes under 150 mm X 100 mm, as there is insufficient substance to char-
protect the inner structure, and its hygroscopic nature, which can support decay in
damp situations. The effect of fire is limited by cladding with non-combustible
material such as plasterboard internally and facing brick externally. Provided the
timber is installed dry and assembled with correct protection (dpc, vapour control
layers, etc.), dampness penetration will not be an issue.

Manufacture and construction techniques derive from the applications of
platform or balloon framing. Figure 3.7.1 shows the principle of storey-height
platform-framed walls made up of ex. 100 mm X 50 mm timber studding at 400 or
600 mm centres. These are supported at intermediate floor levels or platforms by
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Figure 3.7.2 Timber frame construction — balloon frame.

nailing through the sole plates. Head plates are similarly fixed to a head binder,
which links each prefabricated panel. Figure 3.7.2 shows the ground floor to eaves
full-height balloon-framed wall. This is independent of the intermediate floor
except for complementary bracing where the floor joists fix to studs and a ribbon
or ledger let into the stud framing. Storey-height platform framing is simpler to
handle and transport but less rapidly constructed on site than the one lift to roof
level that balloon framing permits. The effects of timber movement are more easily
contained and restrained in the smaller units of a platform frame.

An outer cladding of brickwork provides a traditional appearance, with galvanised
steel angle wall ties spanning a cavity to secure the masonry outer leaf to the timber
framing. The possibility of fire spread through the cavity is restrained with cavity
barriers at strategic intervals. These normally occur at intersections of elements of
construction, e.g. wall to roof and party wall to external wall. Fire resistance of
cavity barriers in dwellings should be at least 30 minutes, i.e. 30 minutes’ integrity
and 15 minutes’ insulation (see Building Regulations: Approved Document B3:
Section 9, BS 476: Fire tests on building materials and structures, and Fig. 3.7.3).
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Figure 3.7.3 Timber frame construction — further details.



«  TIMBER: PROPERTIES AND
GRADING

Timber derives from thousands of different tree species, but the botanical
classification divides timber into hardwood and softwood. Hardwoods are from
broad-leaved trees, most of which are deciduous, holly being an exception. Not all
hardwoods are hard; balsa is an example of a soff hardwood. Softwoods are from
coniferous trees, and not all of these are relatively soft: for example, yew is a very
strong, dense and durable material. For structural purposes, strength characteristics
and durability are more important means for classification. This is particularly
important with softwood, which is used predominantly for structural timbers in the
UK, because of the prohibitive cost of hardwood.

When specifying softwood structural timbers, the following should be stated:

any preservative treatment;
cross-sectional size and surface finish;
the moisture content;

the strength class.

I PRESERVATIVE TREATMENT

The majority of softwood contains a high proportion of sapwood. This is less
resilient than the denser heartwood found closer to the core of a timber trunk.
Therefore, as a precaution against dampness and possible fungal decay (wet or dry
rot), plus potential infestation from wood-boring insects, suitable preservatives
may be required. The need will be determined by the position of timbers within
a building and the geographical location. In parts of southern England there is

a perceived risk of softwood timber infestation by the house longhorn beetle.
The Building Regulations, Approved Document to support Regulation 7, define
the particular boroughs where softwoods must be treated if applied in any aspect
of roof construction. See also BS 8417: Preservation of timber. Recommendations,
for clarification of acceptable chemical treatment.
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B CROSS-SECTIONAL SIZE AND SURFACE FINISH

Softwood cross-sectional size has previously been specified under three
classifications: sawn, planed (machined), and regularised. Sawn is the result of
converting a timber log into commercially accepted sizes, e.g. 50 mm X 100 mm,
75 mm X 225 mm. Application of these sections is largely for unseen structural use,
such as floor and roof members. Planed involves machining about 1.5 mm off each
surface to provide a smooth finish: for example, 50 mm X 100 mm sawn becomes
47 mm X 97 mm, otherwise known as ex. 50 X 100. Regularising has been used to
achieve a uniform width in timber to provide a more even final product. The timber
may be sawn or planed to, say, 47 mm for uniformity in timber studding.
However, these terms are now redefined, with regularising no longer featured,
in the requirements of BS EN 336: Structural timber. Sizes, permitted deviations.
This standard specifies target sizes in order to simplify the previous confusion
over the finished dimensions. Target size is in only two tolerance classes: T'1,
applicable to sawn surfaces; and T2, applicable to planed timber. For example,
if a section of timber is required 50 mm wide sawn and 197 mm in depth planed,

it will be specified as 50 mm (T1) X 197 mm (T2).

B MOISTURE CONTENT

When timber is felled it is saturated. In this state it is unworkable and, if allowed to
remain so, will be prone to shrinkage, distortion and the effects of fungal growths.
Natural drying or seasoning is possible in some climates, but most commercial
organisations use kilns to reduce the moisture content of rough sawn softwood to
between 12% and 20%. This is expressed as the weight of water in the timber as a
percentage of the weight of the timber dry:

(wet weight) — (dry weight) y @

moisture content % =
dry weight

After seasoning it is essential that the product remains in a well-ventilated,
atmospherically stable environment. Timber is hygroscopic, i.e. made up of cells
that will absorb moisture readily. Therefore significant changes in temperature and
humidity may cause it to react by expanding, contracting, deforming or twisting.
Moisture content of stored timber can be checked regularly with a surveyor’s
moisture meter. These have two pointed probes, and respond to conductance due
to the amount of electrical moisture in the material.

M STRENGTH CLASSES

Grading of timber may be visual or by the more efficient use of computerised
grading machines. Individual pieces are assessed against permissible defects
limits and marked accordingly. Some examples of grade markings are shown in
Fig. 3.8.1.

Grading occurs in this country or the country of origin. BS EN 518 and 519
(European standards for visual and machine grading, respectively) effectively
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Certification Timber
authority species

TRAD '~ 0670 EW/ER

Bsao7s DRY C(%%

Timber
condition

Grader or company
scheme number

C.A.T.G. G003/A110 EW/ER

BS 4978 DRY 8’2%

British Standard Strength grade j
quality reference or class

Figure 3.8.1 Examples of grading stamps on softwood timber.

rationalise much of the timber graded in Europe and many surrounding countries,
e.g. Scandinavia, but confusion may occur with timber graded elsewhere in the
absence of an international standard. Visual grading in the UK may be in accordance
with BS 4978. This provides two quality standards: GS (general structural) and

SS (special structural). The letter M preceding GS or SS indicates grading by
machine. GS and SS grades will meet the requirements of the aforementioned
European standards.

Timber imported from North America is independently graded to rules
applicable in Canada and the USA. The Canadian National Lumber Grades
Authority (NLLGA) and the American National Grading Rules for Dimension
Lumber (NGRDL) grade in accordance with product application: see Table 3.8.1.

Comparisons can be drawn, and Table 3.8.2 provides an indication of the
similarity of product grades and strength classes to BS EN 338: Structural timber.
Strength classes.

As can be seen from Table 3.8.2, using GS or SS graded timber from different
sources may not result in the same strength characteristics, as these can vary
between species. The full listings of BS EN 338 strength classes are shown in
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Table 3.8.1 North American timber grades and markings

Timber mark  Grade Application Range of nominal widths
Sel str Select structural

No. 1 Number 1 ..

No. 2 Number 2 Structural joists and planks 150 mm and over
No. 3 Number 3

Sel str Select structural

No. 1 Number 1 . .

No. 2 Number 2 Structural light framing 50 mm to 100 mm
No. 3 Number 3

Const Construction

Std Standard . .

Util Utility Light framing 50 mm to 100 mm
Stud Stud

Table 3.8.2 Timber grading and strength class comparisons

Species Standard
BS EN 338 Cl4 C16 C18 C22 (C24 C(C27/TR26 C30
Bldg Regs SC3 SC4 SC5

Whitewood BS 4978 GS SS

or redwood

British spruce BS 4978 GS SS

British pine BS 4978 GS SS
NLGA or NGRLD No. 1 Sel
(J&P/SLF) No. 2

Canadian S-P-F | NLGA or NGRLD Const
or hem-fir (LF)

NLGA or NGRLD  Stud
(Stud)

Key: S-P-F = Spruce, pine, fir.
hem = Hemlock.
Others, see Table 3.8.1.
Notes
1. North American machine stress rated (MSR) grades are also accepted in the UK and
correspond across the BS EN 338 range given above.
2. For a full and more detailed comparison, refer to BS5268-2: Structural use of timber. Code of
practice for permissible stress design, materials and workmanship.
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Table 3.8.3, extracted from BS 5268-2, with kind permission of the British
Standards Institution. It provides a comprehensive comparison of timber strength
properties and characteristics, which may be used as a basis for structural design
and timber selection.

Note: Service classes 1 and 2 in Table 3.8.3 refer to timber used in moderate
climates where ambient temperature is about 20 °C and relative humidity does not
exceed 65% and 85% respectively for more than a few weeks per year. Respective
moisture contents will not exceed 12% and 20%. Service class 3 exists where
climatic conditions impose higher moisture contents than service class 3.



«  TIMBER DETERIORATION

Timber is a very resilient and robust material in normal atmospheric conditions.

It can even retain its structure in a permanently wet environment, as evidenced by
stanchions and wooden pier foundations that have remained intact for centuries.
As well as being very durable, timber will outlast many other building materials
succumbing to the effects of rain, frost and chemicals. However, the weakness of
both hard and softwoods is its source as a food for plant growths in the form of
fungi and to certain species of insect. With each, enzymes digest the cellulose fibres
and lignin adhesive comprising the structure of wood.

W FUNGAL ATTACK

Fungi, unlike other plant growths, have no leaves, and do not require chlorophyll or
sunlight, but will readily consume organic material. For a fungal growth on timber
to succeed, the timber will require a moisture content in excess of 20% (see
Chapter 3.8). Generally, softwoods for internal structural use will be commercially
seasoned to a moisture content of about 12—-16%. Internal softwood for joinery and
hardwoods will be seasoned to a lower figure of around 10%.

Certain species of fungus will attack trees during growth, but these are an issue
for the timber producer. The principal concern for builders, building owners and
users is the fungi known to develop on seasoned timber in service.

CATEGORIES OF ROT ATTRIBUTED TO FUNGI

Brown rot

So named because the wood becomes dark in colour. It is further characterised by
the timber drying and cracking to produce small surface squares, manifesting as
cubes within the depth of the wood. This shrinking is caused by destruction of the
cellulose tissues.
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White rot

This leaves the wood pale in colour, soft, and fibrous to touch. The timber structure
decays as both cellulose tissues and lignin adhesive are destroyed.

DRY AND WET ROT

Generally, timber deterioration due to fungal attack is more conveniently categorised
as dry or wet rot, depending on the extent of exposure to dampness. The initial
indication of rot infestation is usually a stale or musty smell emanating from a damp
source below floors, in cellars or within a roof space. Closer investigation often
reveals whitish/grey fungal plant growths and possibly coloured fruiting bodies
depending on how far the fungus has advanced.

Dry rot

Dry rot is known biologically by the Latin name Serpula lacrymans or Merulius
lacrymans. It is a ‘brown rot’, leaving the timber dry and friable. Fungal growth is
caused when red/rusty-coloured spores from an established fungus drift through
the air to settle and germinate on damp timber. The spores develop into white
strands (hyphae) appearing as cotton-wool-like patches (mycelium) growing
flesh-textured fruiting bodies (sporophores), in turn producing more spores.

Early detection can eradicate the problem. The source of dampness must be
removed or rectified. Undetected leaking plumbing is often the cause, or
condensation due to inadequate underfloor or roof space ventilation. Eliminating
the initial dampness may not always eradicate dry rot, as it can still thrive by
developing small vein-like tubing of 2—3 mm diameter (rhizomorphs) to extract
dampness from areas adjacent to the timber food source. This can include moisture
in brickwork, render, plaster or concrete. Moisture from the air can be sufficient for
dry rot to live, particularly in areas of high humidity.

Optimum growth conditions are a combination of dampness and warmth.
Temperatures between 13 °C and 24 °C are ideal. At freezing temperatures the
fungus becomes dormant, but it will die in temperatures above 40 °C.

Treatment of dry rot

m Eliminate the source of dampness.

Dry out the building area affected.

Cut out all affected timber at least 500 mm beyond the decay.

Remove all affected plaster and other finishes within the vicinity of attack.

Sterilise the affected area by applying heat from a blowtorch (carefully!) to all

adjacent masonry, concrete and sound plaster.

Where the attack is severe, drill close-spaced inclined holes of about 12 mm

diameter into the adjacent masonry and liberally feed the holes with patent

fungicide to saturate the structure.

m Make good jointing and pointing to masonry and plasterwork with a zinc
oxychloride additive or similar fungicide in the mix. Specialist paints containing
fungicide are also available.

m Replace all affected timber with well-seasoned, preservative-treated wood.
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Following on from remedial work, regular monitoring is essential for several months
to ensure successful eradication of dry rot. Even though the source of dampness
may be removed, dry rot has an irritating habit of reappearing, somehow managing
to thrive on only a nominal amount of moisture.

Wet rot

The most common types of wet rot fungus in the UK are known biologically by the
Latin names of Coniophora puteana or Coniophora cerebella and Phellinus contiguus or
Poria contigua. The growth and development of both fungi are similar to those of
dry rot, but fruiting bodies are rare.

Coniophora, otherwise known as cellar fungus, prefers very damp conditions. It is
a ‘brown rot’, splitting the internal structure of the host timber longitudinally and
laterally into small cube shapes, but leaving the surface largely intact. The timber
crumbles when prodded, and it is dull dark brown or black in colour.

Phellinus has become more associated with decay in external joinery. It is a
‘white rot’, attacking poor-quality sapwood where used in door and window frames,
fascia boards, cladding, etc. Inadequate treatment of the timber, poor jointing
techniques, inappropriate adhesives and lack of aftercare will all contribute to
rainwater penetration. Wood in these situations is often painted, and the first sign
of fungal decay is usually surface irregularities. Closer inspection will reveal
splitting within the body of wood, breaking into soft strands.

Optimum growth conditions are as for dry rot, but wet rots are more easily
controlled as they require greater exposure to dampness to thrive. Hence, once the
moisture source is removed, the decayed timber can be replaced. Adjacent timber,
brickwork, plaster, etc. are unlikely to be affected, but as a precaution the whole
area should be brush-treated with a fungicide.

M INSECT ATTACK

SPECIES

There are several species of wood-boring insect that are capable of seriously
damaging structural timber and joinery in buildings. During their relatively short
time in adult form they are classified as beetles. Most of their life is in the larval
stage, gnawing and burrowing through timber — hence the general descriptive term
of wood borer or woodworm. Most species of larvae have a preference for the less
dense sapwood growth areas as their source of food.

The most common species in the UK are:

m common furniture beetle (Anobium punctatum);,
m death watch beetle (Xestobium rufovillosum);,

m powder post beetle (Lyctus family);

m house longhorn beetle (Hylotrupes bajulus).

Figure 3.9.1 compares the species proportionally. The largest is the adult house
longhorn beetle at about 25 mm overall.
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Death watch beetle (Dark brown,
Furniture beetle (Dark brown) occasionally mottled light brown)

s

Lyctus powder postbeetle
(Reddish brown)

House longhorn beetle

(Dark brown or black, grey hairs on
head and first segment of body. Two
distinct black spots behind head)

Figure 3.9.1 Common wood-boring beetles.

HABITAT

Most species prefer a slightly damp, draught-free environment. Unventilated roof
spaces and recesses behind eaves cupboards are ideal areas in which to thrive. Other
areas suitable to the lifestyle of the woodworm include understair cupboards and
voids within enclosed baths and other sanitary fittings. Timber of intermediate
floors in housing is also vulnerable to attack, but raised timber ground floors are less
vulnerable if peripheral air vents remain clear for air circulation.

LIFE CYCLE

Wood-boring insects are most active during the warmer spring and summer
months. The life cycle shown in Fig. 3.9.2 is similar for all species, progressing
from egg, through larva (grub) and pupa (chrysalis), to adult (beetle). Adult female
beetles seek rough crevices of sawn timber or former borehole exits to deposit
their eggs. As the larvae hatch they bore into the wood, using it as food and shelter.
The tunnelling effect of hundreds of larvae from each batch of eggs can be
extremely damaging. The larval stage is the predominant part of an insect’s life,
extending for several years before maturing to a chrysalis. The chrysalis develops
into an adult beetle just beneath the timber surface, from where it emerges to
reproduce, lay eggs and generate more damage. Table 3.9.1 provides some
comparison of the behavioural characteristics of species.
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2-8 weeks Eggs \

Larvae Adult beetle

1-5 years (10 years,\ Pupae /2—8 weeks

longhorn beetle)

Figure 3.9.2 Wood borers — life cycle.

Table 3.9.1 Common wood borers

Name Egg Egg Laval Pupal Emergence ILocation Exit holes
quantity maturity  period stage as a beetle

Furniture 20-50  4-5 weeks 2-3 years 4-8 weeks May—Sept Sapwood of 1-2 mm dia.

beetle soft or hard

wood
Death 40-80  2-8 weeks 4—6years 2-4 weeks Mar—June Hardwoods, 3 mm dia.
watch preferably
beetle decayed oak
Powder 70-200 2-3 weeks 1-2years 3—4 weeks May—Sept Sapwood 1-2 mm dia.
post of new
beetle hardwood
Longhorn <200 2-3 weeks 3-10 years About July-Sept  Sapwood of 5 mm X 10 mm
beetle 3 weeks softwood oval

Note: Periods given will vary relative to ambient temperatures.

RECOGNITION AND TREATMENT

Woodworm is usually first recognised by the distinctive flight holes and powdery
deposits (frass) on the surface of timber. By this stage the internal structure of the
timber may have suffered considerable damage. The extent of damage may be
established by chiselling away the timber surface to examine the borings or galleries
produced by the larvae.

If the damage is slight and there are only a few exit holes, remedial spraying or
brushing with liberal applications of a proprietary insecticide will control the
problem. Structural timbers seriously damaged must be removed and burnt. All
new timber must be pre-treated, preferably with a vacuum/ pressure-impregnated
insecticide sourced from a commercial timber supplier.
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In new construction, prevention of woodworm infestation by using pre-treated
timber is the only effective method of control. The Building Regulations, Approved
Document A: Structure (Section 2B) provides specific reference and guidance for
the use of treated timber for roof construction in parts of Surrey and adjacent areas.
This requirement originated several decades ago following a very serious attack by
the house longhorn beetle on roof timbers in Camberley.

Reference sources for acceptable methods of timber preservation include:

m The British Wood Preserving and Damp-Proofing Association’s Manual,

m BS 5589: Code of practice for preservation of timber;

m BS 5268-5: Structural use of timber. Code of practice for the preservative treatment
of structural timber,

m BS 5707: Specification for preparations of wood preservatives in organic solvents.
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Steel-framed housing is similar to timber frame in that standard sections are used to
make up a structural frame. The frame is lined with plasterboard and infilled with
insulating material. An outer leaf of brick cladding retains a traditional image and
protection from the elements.

Advantages

dimensionally stable (timber warps);

will not rot;

will not burn;

does not absorb moisture;

unpalatable to insects and animals;

predictable consistent expansion and movement characteristics;
requires only semi-skilled labour to assemble;

components factory-manufactured to quality-controlled standards;
relatively large span to weight/size possible.

Disadvantages
m unpredictable behaviour in fire;
m risk of corrosion.

/@ BACKGROUND

Steel-framed dwellings were first built in the UK ¢.1920. They did not catch on,
and were soon displaced as ‘breeze’ block and brick technology developed. During
the post World War II building boom, when traditional building materials were
scarce and demand for housing was high, there was a resurgence of interest. At this
time a variety of structural steel frame systems for housing were produced, but they
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were labour intensive, and components were costly. Technically the concept was
sound, and these buildings have performed well in the long term.

I DEVELOPMENT

Apart from some ventures into the manufacture of prefabricated modular units,
timber frame has been the only real alternative to traditional masonry construction.
However, since about 1990 there have been many new initiatives based on the use of
economical cold-formed steel sections (see Part 10) for fabrication of simple frames.
This has provided a cost-competitive alternative to timber frame and traditional
masonry construction.

M COMPONENTS
WALLS

Basically a stud frame of cold-formed galvanised steel channels produced by

rolling, notching, holing and folding. These can be delivered to site for cutting and
bending to shape, and fixing with self-drilled, self-tapping screws. Generally, panels
are made up in a factory to modular sizes (600 mm) and assembled on site to make
up a structural frame.

ROOF TRUSSES

Channel sections can be used, but some manufacturers prefer sigma profile sections
for roof members.

COMPONENT SIZES

Sizes differ marginally from various system producers, but are generally as indicated
in Fig. 3.10.1. Figures 3.10.2 and 3.10.3 show typical construction details.

SUPPLEMENTARY EARTH BONDING

Otherwise known as cross-bonding. The steel frame must not be used for local
earthing of electrical services. The frame is regarded as extraneous metalwork and
could conduct electricity if contacted by an electrical fault. It must be earthed at
one point and all electrical earth connections in the circuit wired back to this point.
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Figure 3.10.1 Steel frame sections.
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Figure 3.10.2 Typical steel frame construction.
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SOLID CONCRETE GROUND FLOOR
CONSTRUCTION

The construction of a solid ground floor can be considered under three headings:

m hardcore;
m blinding;
m concrete bed or slab.

M HARDCORE

The purpose of hardcore is to fill in any small pockets that have formed during
oversite excavations, to provide a firm base on which to place a concrete bed and
to help spread any point loads over a greater area. It also acts against capillary
action of moisture within the soil. Hardcore is usually laid in 100—150 mm layers
to the required depth, and it is important that each layer is well compacted,
using a roller if necessary, to prevent any unacceptable settlement beneath the
solid floor.

Approved Document C recommends that no hardcore laid under a solid
ground floor should contain water-soluble sulphates or other harmful matter
in such quantities as to be liable to cause damage to any part of the floor.
This recommendation prevents the use of any material that may swell upon
becoming moist, such as colliery shale, and furthermore it is necessary to
ascertain that brick rubble from demolition works and clinker furnace waste
intended for use as hardcore does not have any harmful water-soluble sulphate
content.

/W BLINDING

This is used to even off the surface of hardcore if a damp-proof membrane is to be
placed under the concrete bed or if a reinforced concrete bed is specified. First,
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it will prevent the damp-proof membrane from being punctured by the hardcore
and, second, it will provide a true surface from which the reinforcement can be
positioned. Blinding generally consists of a layer of sand 25—-50 mm thick or a
50—75 mm layer of weak concrete (1:12 mix usually suitable) if a true surface for
reinforced concrete is required.

B CONCRETE BED

Thicknesses generally specified are:

m unreinforced or plain in-situ concrete, 100—150 mm thick;
m reinforced concrete, 150 mm minimum.

Suitable concrete mixes are produced to BS EN 206-1: Concrete. Specification,
performance, production and conformity:

m plain in-situ concrete — 50 kg cement:0.11 m® fine aggregate:0.16 m® coarse
aggregate or mix specification ST?2;

m reinforced concrete — 50 kg cement:0.08 m® fine aggregate:0.13 m® coarse
aggregate or mix specification ST4.

The reinforcement used in concrete beds for domestic work is usually in the form
of a welded steel fabric to BS 4483. Sometimes a light square mesh fabric is placed
25 mm from the upper surface of the concrete bed to prevent surface crazing and
limit the size of any cracking.

In domestic work the areas of concrete are defined by the room sizes, and it is
not usually necessary to include expansion or contraction joints in the construction
of the bed.

PROTECTION OF FLOORS NEXT TO THE GROUND

Building Regulation C2 requires that such part of a building as is next to the
ground shall have a floor so constructed as to prevent the passage of moisture from
the ground to the upper surface of the floor. The requirements of this regulation
can be properly satisfied only by the provision of a suitable barrier in the form of a
damp-proof membrane within the floor. The membrane should be turned up at the
edges to meet and blend with the damp-proof course in the walls to prevent any
penetration of moisture by capillary action at edges of the bed.

Suitable materials for damp-proof membranes are:

m polyethylene (LDPE) 1200 gauge (0.3 mm) sheet with sealed joints, which is
acceptable and will also give protection against moisture vapour as well as
moisture;

m hot-poured bitumen, which should be at least 3 mm thick;

m cold-applied bitumen/rubber emulsions, which should be applied in not less
than three coats;

m asphalt/pitchmastic, which could be dual-purpose finish and damp-proof
membrane.
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Note: Prevention of the ingress of radon and/or methane gases from the ground
will require a wire- or fibre-reinforced LDPE membrane of up to 1 mm thickness.
Radon is a naturally occurring radioactive gas originating from uranium and radium
deposits in certain rock subsoils found primarily in parts of the West Country,
northern England and areas of Scotland. Methane is an explosive gas, which

can build up in the ground as a result of deposited decaying organic materials.
Where either of these gases is prevalent, it is now standard practice to construct

suspended precast concrete floors with natural draught underfloor ventilation — see
Chapter 4.5.

Reinforced
cement/sand
L I‘ screed — Thermal insulation
DPC
o
0
External — Damp-proof
wall - membrane
— Plain in-situ concrete
bed (1:3:6)
Well-compacted hardcore
Cavity filling
Rk 1
S ——— Mass concrete (1:3:6)
an strip foundation
Cement/ — Plain in-situ concrete
DPC \ l_ sand screed | bed (1:3:6 - 15-20 N/mm?)
o
©

Lo

|
LThermal

insulation
External —¢

wall Damp-proof membrane

Sand blinding
Well-compacted hardcore

Cavity filling

—— Mass concrete (1:3:6)
strip foundation

Figure 4.1.1 Typical solid floor details at external walls.
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Figure 4.1.2 Typical solid floor details at internal walls.
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The position of a damp-proof membrane, whether above or below the concrete
bed, is a matter of individual choice. A membrane placed above the bed is the
easiest method from a practical aspect and is therefore generally used. A membrane
placed below the bed has two advantages: first, it will keep the concrete bed dry
and in so doing will make the bed a better thermal insulator and, second, during
construction it will act as a separating layer preventing leakage of the cement matrix
into the hardcore layer, which could result in a weak concrete mix. Typical details
of solid floor construction are shown in Figs 4.1.1 and 4.1.2.



«  SUSPENDED CONCRETE GROUND
FLOOR CONSTRUCTION

/@ BEAM AND BLOCK FLOOR

This type of domestic floor system is derived from the principles of the precast
hollow and composite floor systems used for commercial buildings and apartments,
as detailed in Chapter 4.5. It has developed into a cost- and time-effective means
of constructing domestic ground and upper floors, by incorporating precast
concrete beams with lightweight concrete blocks as an infilling. The benefits of
quality-controlled factory manufacture of components and simple site assembly
with the aid of a mobile crane to hoist the beams add to the following advantages:

m potential to span over unsound infilling, common to sloping sites.

m application over movable subsoils such as shrinkable clay (see Chapter 2.7).

m suitability where ventilation under the ground floor is required to dilute intrusive
gases.

The Building Regulations, Approved Document C, requires a minimum clear void
depth of 75 mm below these floors, but it is usual practice to leave at least 150 mm.
Ventilation of the void is advisable to dilute and prevent concentration of gases
from the ground (radon and/or methane) and possible leakage from piped services.
Figure 4.2.1 shows typical construction of a domestic suspended beam and block
floor, where the stripped topsoil leaves the underfloor surface lower than adjacent
ground. This is acceptable only if the soil is free draining. Also, ground differentials
should be minimal, otherwise the external wall becomes a retaining wall and will
require specific design calculations. All organic material should be removed from
the void, and the surface should be treated with weedkiller. Void depth may need
to be as much as 225 mm in the presence of heavy clay subsoil and nearby trees
(see Chapter 2.7).

Upper floors follow the same principles of assembly, with purpose-made trimmer
shoes providing support to concrete beams around stair openings. Span potential is
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Figure 4.2.1 Beam and block domestic ground floor.

only about 5 m: therefore intermediate support from a loadbearing partition or a
steel beam is acceptable. Direct flange bearing is possible, but if a deep section is
required the floor structure may be accommodated on ledger angles. Typical upper
floor details are shown in Fig. 4.2.2.

M BEAM AND EXPANDED POLYSTYRENE (EPS) BLOCK

Precast concrete beams with EPS block infill units have developed from the beam
and block principles applied to domestic floor construction. As a construction
technique it has the advantages of speed and simplicity with exceptional thermal
performance. Thermal insulation U values for the floor as a whole are about

0.20 W/m’K, depending on the thickness and amount of EPS relative to rib
spacing. The system is in effect a structurally adequate floor, with integral
insulation.

The construction principles are the same as described for suspended beam
(rib) and block, with some variation on rib spacing to suit EPS block width.
Figures 4.2.3 and 4.2.4 show different block forms and applications. Figure 4.2.3
shows EPS units functioning as both insulation and permanent shuttering to an
in-situ reinforced concrete diaphragm suspended ground floor. Figure 4.2.4 shows
typical dry construction, using a moisture-resistant chipboard surface finish.
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Figure 4.2.2 Beam and block — upper floor intermediate support.
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I SUSPENDED TIMBER GROUND FLOORS

This type of floor consists of timber boards or other suitable sheet material fixed

to joists spanning over sleeper walls, and was until 1939 the common method of
forming ground floors in domestic buildings. The Second World War restricted the
availability of suitable timber, and solid ground floors replaced suspended timber
floors. Suspended precast concrete floors have gained popularity in recent times,
not only as a precaution against radon and methane, but as a less expensive form of
construction. These are considered in more detail in Chapter 4.2. Today the timber
floor is still used on occasions because it has some flexibility and will easily accept
nail fixings — properties that a solid ground floor lacks. It is a more expensive form
of construction than a concrete floor and can only be justified to match existing
construction where a building is extended. It could be used on sloping sites that
require a great deal of filling to make up the ground to the specified floor level,
although a precast concrete flooring system could also be used, and this is likely to
be much cheaper.

Suspended timber ground floors are susceptible to dry rot and draughts, and
are said to be colder than other forms of flooring. If the floor is correctly designed
and constructed these faults can be eliminated.

The problem of dry rot, which is a fungus that attacks damp timber, can be
overcome by adequate ventilation under the floor and the correct positioning of
damp-proof courses to keep the under floor area and timber dry. Through-
ventilation is essential to keep the moisture content of the timber below that
which would allow fungal growth to take place: that is, 20% of its oven-dry
weight. The usual method is to allow a free flow of air under the floor covering
by providing air bricks in the external walls. These are sited near the corners and
at approximately 2 m centres around the perimeter of the building. They must
have an equivalent of 1500 mm”/m run of wall; alternatively, 500 mm?*/m?* of
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floor area will also be acceptable (take greater value). If a suspended timber
floor is used with an adjacent solid ground floor, pipes of 100 mm diameter are
used under the solid floor to convey air to and from the external walls to the
suspended floor.

B BUILDING REGULATIONS

Building Regulation C2 applies as with solid floors and recommended provisions
are given in Approved Document C. Figure 4.3.1 shows the minimum dimensions
recommended in Approved Document C but in practice a greater space between
the concrete bed and the timber is usual. The honeycomb sleeper walls are usually
built two or three courses high to allow good through-ventilation. Sleeper walls
spaced at 2000 mm centres will give an economic joist size. The width of joists is
usually taken as 50 mm: this will give sufficient width for the nails securing the
covering, and the depth can be obtained by reference to design tables recommended
in Approved Document A or by design calculations. The usual joist depth for
domestic work is 125 mm.

LAYOUT

The most economic layout is to span the joists across the shortest distance of
the room: this means that joists could be either parallel or at right angles to a
fireplace. The fireplace must be constructed of non-combustible materials and
comply with Building Regulation J3. Typical examples are shown in Figs 4.3.2
and 4.3.3.

INSULATION IN GROUND FLOORS

Rigid polystyrene or high-density mineral wool can be incorporated within

a solid floor structure to comply with the Building Regulations Approved
Document L: Conservation of fuel and power. Location may be above the damp-proof
membrane and below the concrete slab, or between the screed and concrete slab.

If the latter, the screed should be at least 75 mm thickness and wire reinforced
against cracking. Suspended timber floors can incorporate mineral fibre insulation
draped on nylon netting between the joists, or have rigid insulation boards spanning
the gap between joists. More detail of thermal insulation in floors is provided in

Chapter 8.2.

B SUSPENDED TIMBER UPPER FLOORS

Timber, being a combustible material, is restricted by Part B of the Building
Regulations to small domestic buildings as a structural flooring material. Its
popularity in this context is due to its low cost in relationship to other structural
flooring methods and materials. Structural softwood is readily available at a
reasonable cost, is easily worked and has a good strength to weight ratio, and is
therefore suitable for domestic loadings.
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Terminology

m Common joist A joist spanning from support to support.

m Trimming joist Span as for common joist, but it is usually 25 mm thicker
and supports a trimmer joist.

m Trimmer joist A joist at right angles to the main span supporting the
trimmed joists; is usually 25 mm thicker than a common joist.

m Trimmed joist A joist cut short to form an opening, and supported by a
trimmer joist; it spans in the same direction as common joists and is of the same
section size.

JOIST SIZING

There are three ways of selecting a suitable joist size for supporting a domestic type
floor:

1. Rule of thumb for joists of 50 mm width, spaced at 400 mm centres:

span in mm

+ 50 mm = depth in mm
24

For example, for a 3.6 m span:

M+50=170 mm
24

Therefore commercial size of joist chosen is 175 mm X 50 mm @ 400 mm c/c.
Some comparisons can be made with the methods shown in 2 and 3. However,
the ‘rule’ is limited as a simple means of guidance for joist spacing at 400 mm only.

2. Calculation:

BM = ﬂ;‘lz = wL
6 8
where BM = bending moment
f= maximum fibre stress in N/mm? (see Chapter 3.8)
b =breadth in mm
d = depth in mm
W = total load on joist in newtons (N)
L = clear length or span of joist in mm

For example, see Fig. 4.3.4.

Loading on each joist:
Imposed load =4.5 m x 0.45 m x 1.5 kN = 3.04 kN
Dead loads:
Floorboards (4.5 m X 0.45 m x 10 kg)
+ Plasterboard (4.5 m X 0.45 m X 11 kg)
=42.53 kg x 9.81 x 107 = 0.42 kN

Total loading on each joist = 3.04 kN + 0.42 kN = 3.46 kN (3460 N)
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Imposed floor load, 1.5 kN/m?

Floor joist

r Floor boarding
10 kg/m?

w‘(
e

==

(w) = 3.46 kN
Plasterboard

ceiling,
11 kg/m?

4.500 Breadth of joist (b)
taken as 50 mm

Figure 4.3.4 Joist calculations.

Note: The self-weight of the joist is usually omitted, as this is small compared
with the load carried. Moreover, the commercial joist size selected is normally
greater than the calculated size, and this will cover the self-weight.

WL
6 8

From Table 3.8.3, GS (general structural) grade timber of strength class C16 has
a fibre stress (/) of 5.3 N/mm?.

Transposing the bending moment formula to make d the subject and taking b,
the breadth, as 50 mm:

WL 6 x 3460 X 4500
8f/h  8x53x50

d=+44 066 = 210 mm

225 mm is the nearest commercial timber size above 210 mm. Therefore
225 mm X 50 mm @ 450 mm spacing will be selected. 225 mm X 50 mm in
Table 4.3.1 is comparable with a maximum clear span of 4.47 m for joists at
450 mm spacing.

3. Building Regulations. Approved Document A: Timber intermediate floors for
dwellings and Span tables for solid timber members, both published by TRADA.

d? =44 066

Table 4.3.1 provides some guidance where selection of timber is general structural
(GS).
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Table 4.3.1 Guide to span and loading potential for GS grade timber floor joists.
Dead weight of floor and ceiling, excluding self-weight of joist (see notes)
<25 kg/m? 25-50 50-125
<0.25 kN/m? 0.25-0.50 0.50-1.25
Spacing of joists mm (c/c)

400 450 600 400 450 600 400 450 600
Sawn size
of joist (mm) Maximum clear span (m)
38 %100 1.83  1.69 1.30 .72 1.56 1.21 142 130 1.04
38 x 125 248 239 193 237 222 176 195 179 145
38 x 150 298 287 251 285 271 233 245 229 187
38 x 175 344 331 287 328  3.10 2.9 281 265 227
38 %200 394 375 3.26 372 3.52 3.06 3.19  3.01 261
38 x 225 443 419 3.65 416 393 342 3.57 337 292
50 x 100 208 197 1.67 198 1.87 1.54 1.74  1.60 1.29
50 x 125 272 262 237 2,60 250 219 233 217 177
50 x 150 327 314 286 313 3.01  2.69 281 265 227
50 x 175 377 362 329 3.61 347 3.08 321 3.03 263
50 x 200 431 415 3.73 413 397 3.50 3.65 344 299
50 x 225 479  4.66 4.17 464 447 391 407 3.85 3.35
63 < 100 232 220 192 219 208 1.82 193 1.84 1.53
63 x 125 293 282 257 281 270 245 253 243 2.09
63 % 150 352 339 3.08 337 324 295 3.04 292 258
63 x 175 406 391 3.56 3.89 374 340 3.50 337 295
63 x 200 463 447 407 444 428 3.9 401 385 335
63 x 225 506 492 458 491 477 437 451 430 3.75
75 %125 310 299 272 297 286  2.60 268 258 233
75 % 150 372 358 3.27 3.56 343 3.13 322 3.09 281
75 % 175 428 413 377 411 396 3.61 371 357 321
75 % 200 483 470 431 468 452 413 424 408 3.65
75 % 225 527 513 479 511 497 464 474 460 4.07
Notes:

1. The table allows for up to 1.5 kN/m? of imposed loading due to furniture and people. For
imposed loading greater than this, calculations must be used.
2. For dead loading in excess of 1.25 kN/m” calculations must also be used.

3. Softwood floor boards should be at least 16 mm finished thickness for joist spacing up to
450 mm. 19 mm min. thickness will be required for joist spacing of 600 mm.

4. Joists should be duplicated below a bath.
. Dead loading is usually summated in kg. To convert to a force in newtons (IN), multiply by the

wn

gravitational factor 9.81 (say 10). For example: 25 kg X 10 = 250 N, or 0.25 kN.

6. See BS 648: Schedule of weights of building materials for material dead loads.



210  Floors

r External wall r External wall

| End of joist

treated with
a preservative Joist

|
Ly N

N |

' \ L Joist i55:hY !
Levelling Steel joist

block hanger

— |*=— 90 mm min.

end bearing
Wall bearing Joist hanger bearing
i_ External wall Internal wall
D
— 100 x 75 wall

plate Joists
T Joi lapped
oist

1 T

% 1— Metal brackets

N

at 750 c/c

Plate bearing Direct bearing

Fishtail for
building into
brickwork

fixing to
timber

Typical joist hangers
Note: Insulation in external wall cavity if required (see Ch. 8.2)
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JOISTS

If the floor is framed with structural softwood joists of a size not less than that
required by the Approved Document, the usual width is taken as 50 mm. The
joists are spaced at 400—600 mm centre to centre, depending on the width of the
ceiling boards that are to be fixed on the underside. Maximum economy of joist size
is obtained by spanning in the direction of the shortest distance to keep within the
deflection limitations allowed. The maximum economic span for joists is between
3500 and 4500 mm; for spans over this a double floor could be used.

Support

The ends of the joists must be supported by loadbearing walls. The common
methods are to build in the ends, or to use special metal fixings called joist
hangers; other methods are possible but are seldom employed. Support on internal
loadbearing walls can be by joist hangers or direct bearing when the joists are
generally lapped (see Fig. 4.3.5).

Trimming

This is a term used to describe the framing of joists around an opening or projection.
Various joints can be used to connect the members together, all of which can be
substituted by joist hangers. Trimming around flues and upper floor fireplaces
should comply with the recommendations of Approved Document J. It should

be noted that, as central heating is becoming commonplace, the provision of
upper-floor fireplaces is seldom included in modern designs, because they are
considered to be superfluous. However, they are frequently encountered in
renovation and maintenance work to older properties. Typical trimming joints

and arrangements are shown in Figs 4.3.6 and 4.3.7.

Strutting

Shrinkage in timber joists will cause twisting to occur: this will result in movement
of the ceiling below, and could cause the finishes to crack. To prevent this, strutting
is used between the joists if the total span exceeds 2400 mm, the strutting being
placed at mid-span (see Fig. 4.3.8).

DOUBLE FLOORS

These can be used on spans over 4500 mm to give a lower floor area free of internal
walls. They consist of a steel beam or timber binder spanning the shortest distance,
which supports common joists spanning at right angles. The beam reduces the span
of the common joists to a distance that is less than the shortest span to allow an
economic joist section to be used. The use of a timber binder was a popular method,
but it is generally considered to be uneconomic when compared with a standard
steel beam section. Typical details are shown in Fig. 4.3.9.
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Bevelled housed joint

Wedge

T

Mortise for

Projection
of tenon 150

Tusked tenon joint

Trimming joist —

Trimmer

Trimmed
joists

Common joist
Tusk tenon joint
Typical stairwell trimming

Figure 4.3.6 Floor trimming joints and details.
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Figure 4.3.7 Typical trimming arrangements.
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40 x 40 herringbone
strutting of timber or
proprietary metal fixing

Staggered solid
strutting

In-line solid
strutting

Figure 4.3.8 Strutting arrangements.
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Figure 4.3.9 Double floor details.
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If the span is such that a double floor is deemed necessary it would be a useful
exercise to compare the cost with that of other flooring methods, such as in-situ
reinforced concrete and precast concrete systems, which, overall, could be a cheaper
and more practical solution to the problem.

COMPOSITE BEAMS/JOISTS FOR SUSPENDED FLOOR
CONSTRUCTION

A double floor can be used for modest spans using a steel joist or large cross-section
timber beam as intermediate floor joist support. For greater spans double flooring is
uneconomic, as intermediate beams would need to be excessively large to carry the
floor structure while still retaining minimal deflection (max. 0.003 X span).

Spans up to about 8000 mm can be achieved cost-effectively by using composite
beams at normal joist spacing of 400—600 mm. These are categorised as follows:

m open-web or steel web system joists;
m solid or boarded web joists.

Ex. 75 or 100

Typical depths
Top flange

Ex. 50

195, 219,
253, 304,
380 & 418

Galv. steel lacing

j Nail plate

Bottom flange 10-12mm gap = g4jid timber block
Chipboard flooring
18 mm < 450 joist

space 22 mm < 600
joist space

Nail plate over RSJ

Service pipes —

RSJ 12.5 mm plasterboard

Cavity insulation as required

Note: Where joists are built directly into blockwork, they must
be mastic sealed against air leakage.

Figure 4.3.10 Open-web joist.
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Open-web joists

These are a type of lattice frame, as shown in Fig. 4.3.10. They consist of a pair of
parallel stress-graded timber flanges, spaced apart with V-shaped galvanised steel
web members. Open-web joists are manufactured off-site to specific spans in a
factory quality-controlled environment.

Solid or boarded web joists

These are an alternative high-strength, relatively lightweight factory-produced
joist system. A typical manufactured boarded web joist is shown in Fig. 4.3.11.
This comprises a pair of stress-graded timber flanges separated by a central solid
web of plywood or oriented strand board (OSB). At comparable joist depths,

— Top and bottom
flanges,
ex. 38 x 38

50 x 38

75 x 50

89 x 38

Typical depths

200, 241,
302, 356
and 406

9.5 or 12 mm solid
plywood or OSB web

Holes for pipes and cables in

central area or neutral axis 50 x 38 nogging or strut

between top flanges

/ &
End bearing on block

inner leaf or built in
lateral restraint type

Spacer block or joist hanger

web stiffener

Restraint-type End bearing
joist hanger

Figure 4.3.11 Solid or boarded web joist.



218  Floors

span potential is greater than with open web joists, with up to 10 000 mm possible.
Solid web joists are less convenient for accommodating pipes and cables running
at right angles to the joists. As for traditional timber-joisted floors, care and
consideration must be exercised when cutting holes. The central area or neutral
axis is the preferred location, away from the shear stress areas near supports.
Flanges should never be notched.

Advantages of composite beams/joists

Also suitable for other applications, e.g. roofing members.

Factory produced to individual site/design dimensions; less site waste.

High strength-to-weight ratio.

Minimal shrinkage and movement, therefore limited use of strutting.
Generally deeper than conventional joists, therefore less deflection.

Wide section (typically ex. 75 mm flanges) provides large bearing area for floor
deck and ceiling.

Open web joists have the additional benefit of providing virtually uninterrupted
space for services, and they do not require end bearing; that is, joists can be top
flange suspended.



RAISED ACCESS FLOORS

These are a system of elevated platforms suspended over the structural floor of
in-situ or precast concrete. They are not new in concept, and form the basis of deck
construction popular about the outside of North American homes. Used internally,
they evolved primarily in response to the information technology revolution that
occurred in the latter part of the twentieth century. Although the huge volume of
power, telephone and data cabling in modern offices has been largely responsible
for developments in raised platforms, location for service pipes and ventilation
ducts has also been influential. The dominance of services issues has promoted a
re-think for designers, with the need for greater floor-to-floor heights to incorporate
these floor voids (and suspended ceilings).

W PARTIAL ACCESS

This is where the floor finish is secured, and access is limited — possibly into simple
ducts or trunking, as shown in Fig. 4.4.1. They are most suited for access to mains
cabling for power and lighting, with void depths limited to about 100 mm. Accesses
should be positioned to avoid furniture and be strategically located over junction
boxes. This provides flexibility for changes in cable distribution where workstations
and work functions may change.

W FULL ACCESS

These comprise standard-size (600 mm X 600 mm) interchangeable floor panels
elevated on adjustable pedestals to provide multi-directional void space. Heights
usually vary between 100 and 600 mm, but extremes of as little as 50 mm and as
much as 2 m are possible. Adjustable-height pedestals are manufactured from steel
or polypropylene, with support plates containing four lugs or projections to locate
loose-fit decking panels. Threaded flat support plates may be specified where panels
are to be screw-fixed in place (see Fig. 4.4.2).
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if required

Detachable
panel

— Screed
40, 50
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o 0 N ’ hd
Structural L— Cable duct/trunking
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Figure 4.4.1 Floor duct.
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Locating lug
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Adjustable
leg

Lock nut ———— [

Base «—I— Loose-fit
plate panel
= ] Alternative with
ey D R S projecting lugs
S I T °o o 2 (plan view)
<Y ! * °

Resin bonding or
screw fixing to floor

Figure 44.2 Adjustable pedestal.
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Particle board core

r 600 mm x 600 mm carpet tile

|
o \W

L Galvanised steel over wrap

30 to 40 mm

Decking panel 600 mm

Floor section

Service
pipes

L Cable
Adjustable tray
pedestal

Ventilation
or a/c duct

Figure 4.4.3 Raised access floor.

Floor panels or decking materials can vary considerably to suit application.
Timber joists or battens may be used to support softwood boards or
plywood/chipboard sheets, particularly if matching a traditional suspended floor.
Office specification usually requires a fully interchangeable system with standard
600 mm X 600 mm panels. These are available in various gradings including
light, medium and heavy, with corresponding maximum loadings of 10, 20 and
50 kN/m?®. Panel construction and application are shown in Fig. 4.4.3.

The combination of fully bonded chipboard within a steel casing provides
structural soundness and integrity in the event of fire. The chipboard acts as a fire,
acoustic and thermal insulator, and the steel resists tensile loading, also protecting
the core against spread of flame. The presence of extraneous metal requires contact
protection by electrical earth continuity through the complete floor system.
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The function of any floor is to provide a level surface that is capable of supporting
all the live and dead loads imposed. Reinforced concrete, with its flexibility in
design, good fire resistance and sound-insulating properties, is widely used for the
construction of suspended floors for all types of building. The disadvantages of
in-situ concrete are:

m the need for formwork;

m the time taken for the concrete to cure before the formwork can be released for
reuse and the floor made available as a working area;

m the very small contribution by a large proportion of the concrete to the strength
of the floor.

Floors composed of reinforced precast concrete units have been developed
over the years to overcome some or all of the disadvantages of in-situ reinforced
concrete slab. To realise the full economy of any one particular precast flooring
system the design of the floors should be within the span, width, loading and
layout limitations of the units under consideration, coupled with the advantages
of repetition.

M CHOICE OF SYSTEM

Before any system of precast concrete flooring can be considered in detail the
following factors must be taken into account:

maximum span;

nature of support;

weight of units;

thickness of units;

thermal insulation properties;



Precast concrete floors 223

sound insulation properties;

fire resistance of units;

speed of construction;

amount of temporary support required.

The systems available can be considered as either precast hollow floors or
composite floors; further subdivision is possible by taking into account the amount
of temporary support required during the construction period.

PRECAST HOLLOW FLOORS

Precast hollow floor units are available in a variety of sections such as box planks
or beams; tee sections, I beam sections and channel sections (see Fig. 4.5.1). The
economies that can reasonably be expected over the in-situ floor are:

m 50% reduction in the volume of concrete;
B 25% reduction in the weight of reinforcement;
m 10% reduction in size of foundations.

The units are cast in precision moulds, around inflatable formers or foamed
plastic cores. The units are laid side by side, with the edge joints being grouted
together; a structural topping is not required, but the upper surface of the
units is usually screeded to provide the correct surface for the applied finishes
(see Fig. 4.5.1). Little or no propping is required during the construction period,
but usually some means of mechanical lifting is required to offload and position
the units. Hollow units are normally the cheapest form of precast concrete
suspended floor for simple straight spans with beam or wall supports up to a
maximum span of 20.000 m. They are not considered suitable where heavy point
loads are encountered unless a structural topping is used to spread the load over
a suitable area.

The hollow beams or planks give a flat soffit, which can be left in its natural
state or be given a skim coat of plaster; the voids in the units can be used to house
the services that are normally incorporated in the depth of the floor. The ribbed
soffit of the channel and tee units can be masked by a suspended ceiling; again, the
voids created can be utilised to house the services. Special units are available with
fixing inserts for suspended ceilings, service outlets and edges to openings.

COMPOSITE FLOORS

These floors are a combination of precast units and n-situ concrete. The precast
units, which are usually prestressed or reinforced with high-yield steel bars, are
used to provide the strength of the floor with the smallest depth practicable and

at the same time act as permanent formwork to the in-situ topping, which provides
the compressive strength required. It is essential that an adequate bond is achieved
between the two components. In most cases this is provided by the upper surface
texture of the precast units; alternatively a mild steel fabric can be fixed over the
units before the in-situ topping is laid.
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Floor finish

— Anti-crack reinforcement

Cement/sand screed
to suit floor finish

125 to 200

Grouted
joint

Edge shaped Internal
to form key support

Spans up to 13.000

Typical hollow floor unit details

Cement/sand screed Floor finish

to suit floor finish
Grouted

100 to 250

Edge shaped

to form key L%m Spans up to 6.750

Anti-crack reinforcement required if units
are continuous over internal supports

Typical channel section floor unit details

Figure 4.5.1 Precast concrete hollow floors.
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— 75 mm structural
concrete topping

— Steel mesh
reinforcement

‘+—=—— 75 and 100

Prestressed concrete
Spans up to 10.000 planks as permanent
formwork

Figure 4.5.2 Composite floors — prestressed plank.

Composite floors generally take one of two forms:

m thin prestressed planks with a side key and covered with an in-situ topping
(see Fig. 4.5.2).

m reinforced or prestressed narrow beams, which are placed at 600 mm centres and
are bridged by concrete filler blocks known as pots. The whole combination is
covered with n-situ structural concrete topping. Most of the beams used in this
method have a shear reinforcing cage projecting from the precast beam section
(see Fig. 4.5.3).

In both forms temporary support should be given to the precast units by props at
1.800-2.400 m centres until the in-sifu topping has cured.

B COMPARISON OF SYSTEMS

Precast hollow floors are generally cheaper than composite; in-situ concrete is
not required, and therefore the need for mixing plant and storage of materials
is eliminated. The units are self-centring, therefore temporary support is not
required; the construction period is considerably shorter; and generally the overall
weight is less.

Composite floors will act in the same manner as an in-situ floor and can therefore
be designed for more complex loadings. The formation of cantilevers is easier
with this system, and support beams can be designed within the depth of the floor,
giving a flat soffit. Services can be housed within the structural in-situ topping, or
within the voids of the filler blocks. Like the precast hollow floor, composite floors
are generally cheaper than a comparable in-situ floor, within the limitations of the
system employed.
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) In-situ
Mild steel structural

Concrete concrete topping
or clay

50 to 250

precast concrete \— 40 mm
planks at 600 c/c bearing
— Mild steel bars Max. span 12.000

Typical composite floor using PCC planks

In-situ structural

concrete topping
Max. span 6.000

Precast
prestressed concrete
beams at 600 c/c

Concrete or clay filler blocks

Typical composite floor using PCC beams

Figure 4.5.3 Composite floors — beam or pot.



HOLLOW BLOCK AND
WAFFLE FLOORS

Precast concrete suspended floors are generally considered to be for light to medium
loadings spanning in one direction. Hollow block, or hollow pot floors as they are
sometimes called, and waffle or honeycomb floors can be used as an alternative to
the single spanning precast floor, because they can be designed to carry heavier
loadings. They are in fact ribbed floors consisting of closely spaced narrow and
shallow beams giving an overall reduction in depth of the conventional reinforced
concrete i7-situ beam and slab floor.

Il HOLLOW BLOCK FLOORS

These are formed by laying over conventional floor soffit formwork a series of
hollow lightweight clay blocks or pots in parallel rows, with a space between these
rows to form the ribs. The blocks act as permanent formwork, giving a flat soffit
suitable for plaster application, and impart good thermal insulation and fire resistance
to the floor. The ribs formed between the blocks can be reinforced to suit the
loading conditions of the floor, thus providing flexibility of design (see Fig. 4.6.1).
The main advantages of this system are its light weight, which is generally less than
comparable floors of concrete construction, and its relatively low cost.

M WAFFLE OR HONEYCOMB FLOORS

These are used mainly as an alternative to an in-situ flat slab or a beam and slab
suspended floor, because they require less concrete, less reinforcement, and can be
used to reduce the number of beams and columns required, with resultant savings
on foundations. The honeycomb pattern on the underside can add to the visual
aspect of the ceiling by casting attractive shadow patterns.

The floor is cast over lightweight moulds or pans made of glass fibre,
polypropylene or steel, forming a two-directional ribbed floor (see Fig. 4.6.2).
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The moulds are very strong, lightweight, and are capable of supporting all the
normal loads encountered in building works. Support is reduced to the minimum
because the moulds are arranged in parallel rows and span between the parallel lines
of temporary supports.

The reinforcement in the ribs is laid in two directions to resist both longitudinal
and transverse bending moments in the slab. Generally three mould depths are
available, but the overall depth can be increased by adding to the depth of the topping.

With all floors using an in-situ topping it is possible to float the surface in
preparation for the applied finishes, but this surface may suffer damage while
being used by the following trades. It may therefore be better to allow for a floor

Standard unit End unit

Standard unit
cut to length

if required Polypropylene liner

175, 250,
325 or 400

600 EPS core

Edge lip
62.5 mm
wide

Figure 4.6.3 Inverted trough mould.

50 mm min. steel mesh reinforced
concrete over moulds

— RC edge beam

In-situ ribs at 600 c/c

Rib reinforcement
lrto design

N

O

<7

Indents left
by trough
moulds

RC edge beam

Figure 4.6.4 Inverted trough floor.
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Polypropylene EPS core
j> mould liner ‘(

Temporary
plywood deck

X
L Tempora

ry props
and bearers

Figure 4.6.5 Temporary support to inverted trough floor.

screed to be applied to the in-situ topping at a later stage in the contract, prior to
the fixing of the applied finish.

I INVERTED TROUGH FLOOR

The inverted trough moulds shown in Fig. 4.6.3 are used to produce an elongated
reinforced concrete variation of the waffle trough type of floor. The moulds ensure
that im-situ reinforced concrete is in specific locations only, saving considerably on
concrete costs and the dead weight that the concrete would otherwise contribute.
The one-way spanning floor is viewed from the underside in Fig. 4.6.4. Lateral
beams may also be incorporated as interim support in large-span situations. The
continuous longitudinal voids provide an unobtrusive location for service pipes and
cables. Brackets or threaded inser<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>