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PREFACE TO THE FIFTH EDITION

This book examines the general principles of building
construction and applies them to practical examples of
constructional work throughout all parts of simple
domestic buildings. Consideration is also given to the
choice of materials and implications of Building Regu-
lations, British Standards, Codes of Practice and cur-
rent government research.

The principal aim is to produce a comprehensive,
simply explained and well-illustrated text which will
form a basic construction textbook for first- and
second-year students in a variety of disciplines, includ-
ing architects, quantity surveyors, valuers, auctioneers,
estate agents, building and mineral surveyors, build-
ers, housing managers, environmental health officers,
building control officers and clerks of works. It should
also prove of value to those working for BTEC certifi-
cates and diplomas in construction; and degrees in
architecture, building, quantity surveying, building sur-
veying and estate management.

All drawings and building data are fully metricated,
and it was decided to omit ‘m’ and ‘mm’ symbols from
all descriptions as well as dimensions on the drawings,
to avoid constant repetition of units of measurement.
It is unlikely that any confusion will arise as a result of
this. A metric conversion table is produced in an ap-
pendix to help readers who wish to make comparisons
between imperial and metric measures. The abbrevi-
ations BRE, for Building Research Establishment, and
DOE, for Department of the Environment, have been
used extensively throughout the book.

xiii

The fourth edition was considerably extended and
updated to include latest developments, including
the latest British Standard requirements and BRE rec-
ommendations and the requirements of the Building
Regulations 1991 and the supporting Approved Docu-
ments issued in 1989 and 1991 (1990 and 1992 editions)
and their application. A new and detailed chapter
was added on the important and complex scientific
and technological aspects of sound and thermal insula-
tion, dampness, ventilation and condensation and
their wide ranging implications, as they cannot be
covered satisfactorily on an elemental basis. The sec-
tion on timber frame construction was extended and
a new section added on lighting in the chapter on
External Works, as well as many other additions. Over-
seas readers, in particular, continue to welcome the
chapter on Building in Warm Climates which was in-
troduced in the third edition.

This fifth edition has been further updated and
considerably extended to include details of radon diagnosis
and protection, freestanding walls, more extensive cavity
wall details and their insulation, more solid and joisted floor
detailing, warm and inverted warm deck roofing details,
ventilated cold deck roof details, aluminium/timber and
PVC-U windows, plastic doors, GRP petrol/oil
interceptors, septic tanks, cesspools and sewage treatment
plant, sound insulation of partitions and condensation
prevention in pitched roofs. Extensive improvement in the
quality of supporting drawings has also been effected.

IVOR H. SEELEY
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1 THE BUILDING PROCESS AND SITEWORKS

This book describes and illustrates the constructional
processes, materials and components used in the erec-
tion of fairly simple domestic and associated buildings,
and examines the principles and philosophy under-
lying their choice. Its primary aim is to meet the needs
of students of a variety of disciplines whose studies
embrace building technology.

This is a wide-ranging subject and no single text-
book could cover every aspect. The student is advised
to widen his reading by perusing technical journals,
Building Research Establishment and other relevant
government publications and trade catalogues. He will
also obtain a better understanding of the processes,
materials and site organisation by visiting buildings
under erection. All building work of any significance is
subject to control under the Building Regulations. In
addition, restrictions on the siting and appearance of
buildings stem from the operation of the Town and
Country Planning Acts.

All dimensions are in metric terms, and in this con-
nection the metric conversion table in the appendix
(page 327) may prove useful.

CHOICE OF SITE

Various matters should be considered when selecting a
building site. The high cost of land and planning con-
trols frequently combine to prevent the acquisition of
the ideal site. Indeed many sites are now being de-
veloped which in years gone by would have been con-
sidered unsuitable. Some of the more important factors
are now investigated.

Climate. This varies widely throughout the country
being broadly warmer in the south, colder in the
east and north, and wetter in the west. There are how-
ever local variations with some areas being more sus-
ceptible to mist and fog. The general climate of the

UK, the influence of microclimate and improving micro-
climate through design are well described in BRE
Digest 350.!

Aspect. The aspect of a site is important as it will deter-
mine the amount of sun received on the various eleva-
tions of the building. The ideal site is generally
throught to be one below the summit on a gentle
southerly slope, thus securing maximum sunshine and
some protection from northerly winds. A house on a
site with a north frontage should ideally have its main
rooms at the rear. A further point to consider is the
altitude of the sun varying from 61° 57’ at the summer
solstice to 15° 03’ at the winter solstice. All habitable
rooms should be planned, wherever practicable, to
receive sunlight during their normal period of use.
Elevation. Elevated sites are generally preferable to
low-lying ones, being drier and easier to drain, while
hollows are likely to be cold and damp. Nevertheless, a
hilltop site may need protection from winds by a tree
belt. Slopes steeper than 1 in 10 with clay soils can
suffer from long-term creep of the slope.

Prospect. ldeally a site should command pleasant
views and the adjoining land uses should be compati-
ble. The site itself will be more attractive if it is gently
undulating and contains some mature trees, but if the
trees are too close to the building they will restrict light
and air and may cause settlement problems as de-
scribed in chapter 3.

Available facilities. A housing site should ideally have
ready access to schools and shops and other facilities
such as parks, sports facilities, swimming pools, li-
braries and community centres, and good public
transport services.

Services. Adequate and accessible gas and water
mains, electricity cables and sewers are generally
essential, although in rural areas it may be necessary to
provide septic tank installations, of the type described
in chapter 13.
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Subsoils. Subsoils merit special consideration because
of their effect on the building work.

(1) Hard rock provides a good foundation but in-
creases excavation costs and may cause difficulties in
the disposal of sewage effluent on isolated sites.

(2) Gravel is probably the ideal subsoil, being
strong and easily drained.

(3) Sand drains well but if loose could be subject to
movement; in practice it is usually combined with clay
or gravel.

(4) Clay often has a good bearing capacity but does
not drain well; with the shrinkable varieties it is necess-
ary to take the foundations down to at least one metre
below ground level because of the variations that
occur with differing climatic conditions.

(5) Chalk provides a stable and easily drained sub-
soil of good bearing capacity.

(6) Made ground is where soil or other fill has been
deposited to make up levels and lengthy periods are
needed for settlement; it may be necessary to use raft
or piled foundations.

Contamination. This can arise with landfill and former
industrial sites which are best avoided as they could
involve expensive site works to remove potential
hazards, as provided for in part C2 of Schedule 1 to the
Building Regulations 1991.

Water table. It is essential that the building should be
erected well above the highest groundwater level. This
level will vary according to the extent of the under-
ground flow, evaporation and rainfall, and is normally
highest in winter.

Subsidence. In areas liable to mining subsidence
special and costly precautions of the type described in
chapter 3 should be taken.

SITE INVESTIGATIONS

All potential building sites need to be investigated to
determine their suitability for building and the nature
and extent of the preliminary work that will be needed.
Particular attention should be given to the nature of
the soil and its probable load-bearing capacity usually
by means of trial holes or borings, as there may be
variations over the site. The level of the water table
should also be established as a high water table may
necessitate subsoil drainage and could cause flooding
in winter. A study of Ordnance Survey maps could
show the presence of disused mines or former ponds
or tips on the site which have since been filled.

The position and size of main services should be
determined and it is advisable to take a grid or
framework of levels over the site to indicate the
amount of earthwork and the ease or otherwise of
drainage. The nature and condition of site boundaries
should be noted together with the extent of site clear-
ance work, such as old buildings to be demolished and
trees and shrubs to be grubbed up and removed.

By way of contrast there may be some attractive
mature trees on the site which ought to be retained
and they may even be the subject of tree preservation
orders or sited within a conservation area. Considera-
tion should also be given to such matters as access,
storage space and working conditions, which will all
affect the cost of the project. Indeed, it is good prac-
tice to assess the approximate cost of site clearance
work in building up an estimate of the likely cost of the
complete scheme.

The local planning authority should be approached
to ascertain whether there are any special or significant
restrictions which could adversely affect the develop-
ment of the site, and the position of the building line,
so that the location of any new buildings can be estab-
lished with certainty. The survey should include details
of neighbouring development and the position with
regard to facilities in the area. Enquiries will reveal the
existence of any restrictive covenants such as rights of
way, light and drainage, which may restrict the de-
velopment.

BRE Digest 318% advocates the implementation of
desk studies to collect as much material as possible
about the site. This information can be obtained more
cheaply and quickly than information derived, for
example, from boreholes and trial pits. In the UK
sources include geological maps, Ordnance Survey
maps (both old and new), air photographs, geological
books and journals, mining records and reports of
previous site investigations. Table 1.1 illustrates a typi-
cal desk study checklist for low-rise building.

The walk-over survey, as described in BRE Digest
348,% is an integral and important part of the site inves-
tigation process which should always be undertaken.
When used in conjunction with an effective desk
study, it provides valuable information which cannot
be obtained in any other way, by carrying out a
thorough examination of the site and the surround-
ing area on foot. BRE Digest 348* describes how local
authorities, local inhabitants and people working in
the area such as builders and public utilities (gas, water
and electricity undertakings) should be questioned,
and local libraries and archives visited for relevant in-
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Table 1.1 Desk study checklist for low-rise building
(Source: BRE Digest 318%)

1. Topography, vegetation and drainage

(a) does the site lie on sloping ground, and if so what is the
maximum slope angle?

(b) are there springs, ponds, or water courses on or near the
site?

(c) are, or were there, trees or hedges growing in the area of
proposed construction?

(d) is there evidence of changes in ground level (e.g. by
placement of fill), or of the demolition of old structures?

2. Ground conditions

(a) what geological strata lie below the site, and how thick are
they?

(b) what problems are known to be associated with this
geological context?

(c) is the site covered by Alluvium, Glacial Till (Boulder Clay) or
any other possibly soft deposits?

(d) is there available information on the strength and
compressibility of the ground?

(e) is the subsoil a shrinkable clay?

(f) does experience suggest that groundwater in these soil
conditions may attack concrete?

(g) is there evidence of landslipping either on or adjacent to this
site or on similar ground nearby?

(h) is there, or has there ever been, mining or quarrying activity
in this area?

(i) are there coal seams under the site?

3. The proposed structure

(a) what area will the buildings occupy?

(b) what foundation loading is expected?

(c) how sensitive is the structure likely to be to differential
foundation movements?

(d) what soils information is required for the design of every
likely type of foundation?

(e) is specialist geotechnical skill required?

formation on past features which can affect the build-
ing work. A structured report is then produced from
the information gathered at the site and from local
enquiries.

Methods of Soil Investigation

A number of methods can be used to determine the
soil conditions. For simple residential buildings on
reasonable sites digging several holes about three spits
deep, drilling holes up to 2 or 2.5 m deep with a hand
auger, or driving a pointed steel bar about 1.5 m into
the ground, are generally sufficient. With larger build-
ings or more difficult sites, the following methods are
applicable

(1) Excavating trial holes about 1.5 m deep outside
the perimeter of the building.

(2) Drilling boreholes by percussion or rotary
methods. The percussion method uses a steel bit with
a chisel point screwed to a steel rod. The rotary
method employs a hollow rod with a rotating bit and a
core of strata is forced back up the hollow rod.

(3) Load testing such as by applying a compressive
load on a platform which exerts a recorded pressure on
a steel plate between 300 and 1000 mm diameter placed
on the surface of the bottom of a trial pit, as described
in BS 5930.*

More information on trial pits is given in BRE Digest 381
(1993).

Classification of Soils

Soils can conveniently be classified under five main
headings

(1) rocks, which include igneous rocks, limestones
and sandstones;

(2) cohesive soils, such as clays where the consti-
tuent fine-grained particles are closely integrated and
stick together;

(3) non-cohesive soils, such as gravels and sands,
whose strength is largely dependent on the grading
and closeness of the coarse-grained particles;

(4) peat, which is decayed vegetable matter of low
strength with a high moisture and acidic content;

(5) made ground which may contain waste of one
kind or another and can cause settlement problems.

Soils are defined in BS 1377° and this British Stan-
dard also prescribes methods of testing soils.

Serious problems can arise from a variety of ground
conditions on the site as illustrated in table 1.2.

GROUNDWATER DRAINAGE

On low-lying or damp sites, it is advisable to provide an
effective system of groundwater drainage, as described
in the BS Code of Practice for building drainage.® The
Building Regulations 1991 (paragraph C3 of Schedule 1)
require subsoil drainage to be provided if it is needed
to avoid (a) the passage of ground moisture to the
interior of the building, or (b) damage to the fabric of
the building. This would apply, for example, where the
water table can rise to within 0.25 m of the lowest floor
of the building.
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Table 1.2 Ground problems and low-rise building
(Source: BRE Digest 318%)

Differential settlement or heave of foundations or floorslabs
soft spots under spread footings on clays

growth or removal of vegetation on shrinkable clays
collapse settlements on pre-existing made ground
mining subsidence

self-settlement of poorly compacted fill

floorslab heave on unsuitable fill material

Soil failure
o failure of foundations on very soft subsoil
e instability of temporary or permanent slopes

Chemical processes
e groundwater attack on foundation concrete
® reactions due to chemical waste or household refuse

Variations during construction

® removal of soft spots to increase depth of footings
® dewatering problems

® piling problems

Groundwater is the portion of the rainwater which is
absorbed into the ground and drainage of it may be
necessary for the following reasons

(1) to increase the stability of the ground;

(2) to avoid surface flooding;

(3) to alleviate or avoid dampness in basements;

(4) to reduce humidity in the immediate vicinity of
the building.

The standing level of the groundwater (water table)
will vary with the season, the amount of rainfall and the
proximity and level of watercourses. Main ground-
water drains should follow natural falls wherever
possible and should be sited so as not to endanger the
stability of buildings or earthworks.

Systems of Groundwater Drainage

The most commonly used systems embrace porous or
perforated pipes or gravel-filled trenches (French
drains) laid to one of the following arrangements

(1) Natural. The drains follow natural depressions
or valleys on the site with branches discharging into
the main pipe (figure 1.1.1).

(2) Herringbone. There are a number of main
drains into which small subsidiary drains discharge
from both sides. The subsidiaries run parallel to each
other but at an angle to the main drains, and should
not exceed 30 m in length (figure 1.1.2). The spacing of
the subsidiary drains varies with the type of soil and
where the main drains are 600 to 900 mm deep, the

spacing of the subsidiaries might be within the follow-
ing ranges

Sand
Loam

30to45m Sandy clay 11to 12 m
23to 26 m Clay 8to9m

(3) Grid. A main drain or drains are laid near the
boundaries of a site into which branches discharge
from one side only (figure 1.1.3).

(4) Fan. The drains converge to a single outlet at
one point on the boundary of the site without the use
of a main drain (figure 1.1.4).

(5) Moat or cut-off system. Drains are laid on one
or more sides of a building to intercept the flow of
groundwater and thereby protect the foundations
(figure 1.1.5).

The choice of system will depend on site conditions.
A common arrangement is 100 mm main drains with 75
mm branch drains, 600 to 900 mm deep with gradients
determined by the fall of the land. The outlet of the
groundwater drainage system will discharge into a
soakaway or through a catchpit into the nearest ditch
or watercourse (figures 1.1.6 and 1.1.7). Other forms of
soakaway construction including trench type and the
method of determining soil infiltration characteristics
are detailed in BRE Digest 365.” Where these are not
available groundwater drains may be connected, with
the approval of the local authority, through assilt trap to
the surface water drainage system. If connected to a
foul drain a reverse-action intercepting trap would be
required.

In clay or heavy soils, mole drains provide an
alternative to pipes. These are formed by drawing a
steel cartridge through the ground by a strong, thin
blade attached to a mole plough driven by a tractor.
Mole diameters range from 50 to 150 mm, at depths
varying from 300 to 750 mm and spacings from 3 to 5 m.
Their life is rather limited.

Groundwater Drains
A variety of materials is available as follows

(1) Clayware field pipes to BS 1196® of unglazed,
porous pipes with square ends (butt jointed) — 65 to 300
mm nominal bores.

(2) Clay surface water drainpipes to BS 65,° non-
porous and laid with open joints. Fully and half-
perforated pipes are also available — 75 to 900 mm
nominal bores.
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(3) Concrete porous pipes to BS 1194!° with re-
bated, ogee or butt joints — 75 to 900 mm nominal
bores.

(4) Plastics pipes to BS 4962,'! perforated or non-
perforated, with outside diameters up to 400 mm.

Pipe trenches should be just wide enough at the
bottom for laying the pipes and they are mainly laid
with open joints to straight lines and suitable gradients
(varying from 1 in 80 to 1 in 300). Pipes should be
surrounded with suitable clinker, gravel or rubble to
150 mm above the pipes, covered with a layer of in-
verted turf, brushwood or straw to prevent fine parti-
cles of soil entering the pores of the filling or the pipes
(figure 1.1.8). On occasions, a short length of slate or
tile is provided over each open pipe joint as added
protection. If the drain is also to receive surface water,
rubble should extend up the trench to ground level.
Where drains pass near tree roots or through hedge
roots, jointed spigot and socket pipes should be used
to prevent root penetration.

Problems sometimes arise with land drainage sys-
tems due to the following causes

(1) silting of pipes: this can be reduced by provid-
ing catchpits (figure 1.1.7);

(2) displacement of pipes by tree roots: this can be
overcome by the use of spigot and socket joints or
collars;

(3) access of vermin to pipes: prevented by cover-
ing exposed ends with wire gratings;

(4) pipes under buildings damaged by settlement:
they should be laid clear of buildings and if passage
under a building is unavoidable they should be pro-
tected by a lintel or arch.

SETTING OUT
Establishing Levels on Site

Before building operations can be commenced on the
site it is necessary to set out the building(s) and to
establish a point of known level on the site which can
be used to determine floor and drain invert levels. The
basis for the levelling operations will be the nearest
ordnance bench mark, whose value is obtained from
the latest edition of the appropriate Ordnance Survey
map. Levels are transferred from the ordnance bench
mark to the building site using a dumpy, tilting or
automatic level and levelling staff. The sights should be

as long as possible and preferably be kept equidistant.
A temporary bench mark is established at each change
of instrument on a permanent fixed point such as a
road kerb or top of a boundary wall, and this is suitably
marked with a knife and detailed in the level book. The
level point on the site should ideally consist of a bolt
set in concrete or could alternatively be some perma-
nent feature on the site. Flying levels are then taken
back to the ordnance bench mark (OBM) to check the
accuracy of the levelling operations.

All normal precautions should be taken, such as
ensuring that the levelling staff is fully extended and is
held truly vertical in both directions when taking
levels. The instrument must be accurately set up and
the levels properly recorded on either the collimation
or rise and fall method. It is essential for the instru-
ment to be in proper adjustment.

Foundation trench level pegs can be established in-
dividually with a dumpy, tilting or automatic level from
the temporary bench mark on the site. Another
approach is to set up sight rails at the ends of each
trench and to fix intermediate levels by means of bon-
ing rods (figure 1.2.1). Yet another method is to use a
straight-edge about 2.5 to 3 m long and not less than 25
X 150 mm in section, and a spirit level (figure 1.2.2).
Peg A is driven in to the correct level and another peg B
is driven in almost the length of the straight-edge away.
The straight-edge is placed across the two pegs with
the spirit level on it and peg B is lowered until the
correct level is achieved. After checks on the accuracy
of the spirit level and straight-edge, peg C is driven in
and the levelling process repeated. A quicker method
is to use a water level consisting of two tubes of clear
glass or transparent plastics material, connected by a
length of rubber or PVC tubing and almost completely
filled with water. The water surfaces give two equal
levels.

Setting Out Buildings

The first task is usually to establish the building line
which demarcates the outer face of the front wall of the
building. The building line is frequently determined by
the highway authority and in urban areas is often
around 8 m from the back of the public footpath. Often
it can be fixed by measuring the appropriate distance
from the highway boundary (back of the public foot-
path) along the side boundaries of the site, and stretch-
ing a line between the two pegs. On an infill site the
line may be established by sighting between the ex-
isting buildings on either side of the site.
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The next step will be to position the front of the
building on the building line by checking the dimen-
sions between the new building and the side bound-
aries. Flank walls will then be set out at right-angles to
the building line often using a large builder’s or timber
square or the 3:4:5 method (figure 1.2.3). The builder’s
square is a right-angled triangular timber frame with
sides varying in length from 1.50 to 3.00 m. The square
is placed against the building line and two pegs are
driven in on the return side. By sighting across the two
pegs a third peg can be driven in the same straight line,
and a bricklayer’s line stretched between them.

If a builder’s square is not available, a right-angle
can be set out based on a right-angled triangle whose
sides are in the ratio of 3:4:5 (derived from the
theorem of Pythagoras). A peg is first driven in at the
corner of the building and a distance of 3 m is mea-
sured back along the building line. A peg is driven in at
this point and the ring of the tape is placed over a nail
driven into the top of the peg. The tape is held at the
12 m mark against the ring on the first peg and with the
tape around the corner peg, the tape is stretched out
to give the position of the third peg at the 7 m mark.
The line extended through the third peg is at right-
angles to the building line.

To secure permanent line markers, profiles are
established at the corners of the building and at wall
intersections (figure 1.2.4). They often consist of
boards about 25 X 150 mm or 25 X 100 mm nailed to 50
X 50 mm posts or pegs driven firmly into the ground.
Saw cuts or nails demarcate the width of walls and the
spread of foundations and the bricklayer sets his lines
to these and, when working below ground, plumbs
down from them at the corners of the building. A
radius rod worked from a centre pivot can be used to
set out curved bays, whilst a framed profile would be
made up for a cant bay.

The setting out of a steel-framed building requires
extreme accuracy as the stanchions and beams are cut
to length at the fabricator’s works, and any error in
setting out can involve expensive alterations on site. It
is usual to erect continuous profiles around the build-
ing and to set out the column spacings along them.
Wires stretched between the profiles will give the cen-
tres of stanchions around which templets are formed.

Building Research Establishment Digest 234'> em-
phasises the need to attain predictable standards of
accuracy in the setting out and erection processes,
resulting from the increase in the partial or complete
prefabrication of building structures, and methods for
their achievement are described in BS 5606.'* Errors

in linear measurement may arise through reading,
calibration or tension errors. However, if corrections
are made for slope, the maximum error is likely to be
about 25 mm in a 30 m length. Basic precautions in-
clude keeping the tape level to reduce wind effect,
pulling tight enough to remove kinks but not to
stretch, keeping the tape clean, checking periodically
against an engineer’s steel tape and obtaining a refill if
damage occurs.™

CONTROL OF BUILDING WORK

Proposals for most new buildings, extensions and
material alterations or changes of use of existing build-
ings are subject to the requirements of the Building
Regulations 1991; as is also the installation of cavity
wall insulation, underpinning, sanitary equipment,
drainage, unvented hot water systems and fixed heat-
ing appliances in which fuel is burnt. Unvented hot
water systems are under pressure and eliminate the
need for a storage tank and overflow, and provide
greater flexibility in the siting and operation of the
system. In addition, approval is often required under
the Town and Country Planning Acts, with particular
reference to appearance, layout, access and use, as
described later in the chapter.

Building Regulations

Application of the Building Regulations means that the
appropriate local authority has to be notified and the

building work will have to comply with the Regula-
tions. The main purpose of the Regulations is to ensure
the health and safety of people in or about the build-
ing, and they are also concerned with energy conserva-
tion and access to buildings for the disabled. The client
may choose either the local authority or an approved
inspector to supervise the work.

Where the client opts for local authority supervi-
sion, he has a further choice of depositing full plans or
submitting a much less detailed building notice, and a
fee is payable to the local authority. The local authority
can prosecute if work is started without taking either
course of action. Where an approved inspector is
selected, the client and the inspector must jointly give
the local authority an initial notice accompanied by a
site plan. Work must not be commenced before the
notice has been accepted by the local authority. The
inspector’s fee is negotiable.

The two alternative procedures are now considered
in more detail.
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(1) Local authority control
Where the proposal encompasses the erection of
offices or shops, full plans must be deposited. Where
full plans are deposited, the local authority may pass or
reject them within 5 weeks, or 2 months if the client
agrees. The plans must be accompanied by a certificate
that the plans show compliance with the structural
stability and/or energy conservation requirements of
the Regulations. The local authority has to consult the
fire authority about proposed means of escape in the
case of certain factories, offices, shops, railway prem-
ises, hotels and boarding houses.

The local authority may pass plans subject to either
or both of the following conditions

(i) modifications in the deposited plans;
(i) the depositing of further plans.

Work may begin at any time after the submission of
a building notice or deposited plans, provided the lo-
cal authority is given 48 hours’ notice. If the local
authority considers that any work contravenes the re-
quirements of the Regulations, it may serve a notice
requiring demolition or alteration within 28 days.

(2) Supervision by approved inspector

The approved inspector and the client should jointly
give the local authority an initial notice together with a
declaration that an approved scheme of insurance ap-
plies to the work, which must be signed by the insurer.
The initial notice must contain a description of the
work and, in the case of a new building or extension, a
site plan and information about drainage.

The local authority have 10 working days in which to
consider the notice and may only reject it on pre-
scribed grounds. On acceptance, the local authority
may impose conditions. It is a contravention of the
Regulations to start work before the notice has been
accepted. As a general rule the approved inspector
must be independent of the designer or builder, but
he need not be if the work consists of alterations or
extensions to one or two storey houses. The National
House-Building Council is a major provider of private
building control services, alongside practising pro-
fessionals.

Where a client wishes to have detailed plans of work
certified as complying with the Building Regulations,
he should ask the approved inspector to supply a plans
certificate and the local authority also receives a copy.
When the work is complete the approved inspector
should give the client and the local authority a final
certificate.

Unlike a local authority, an approved inspector has
no direct power to enforce the Building Regulations.
He is, however, required to inform the client if he
believes that any work being carried out under his
supervision contravenes the Regulations. If the client
fails to remedy the alleged contravention within 3
months he is obliged to cancel the initial notice. He
must also inform the local authority of the contraven-
tion, unless a second approved inspector is taking over
responsibility.

Approved Documents

The Building Regulations are supported by Approved
Documents which give guidance about some of the
ways of meeting the requirements of the Regulations,
and they will be referred to individually in appropriate
chapters of the book. The client can choose whether or
not to use the Approved Documents.

The technical solutions in the Approved Documents
describe some of the more widely used forms of con-
struction which achieve an acceptable level of per-
formance and yet, at the same time, permit adequate
flexibility. Alternative approaches are usually based on
the recommendations of a British Standard or by using
a product with a British Board of Agrément Certificate
or other European Organisation for Technical Ap-
provals (EOTA) certification.

Inspection

Where the building work is subject to supervision by
the local authority, it must receive notice of com-
mencement and completion of certain stages of the
work. The builder is required to supply the local auth-
ority with not less than 48 hours’ notice in writing of
the commencement of the work, and 24 hours’ written
notice before the covering up of any excavation for a
foundation, any foundation, damp-proof course, con-
crete or other material laid over a site; and before any
drain or private sewer is haunched or covered; and not
more than five days after the laying of any drain or
private sewer. If the builder neglects to give any of
these notices, he may be required to cut into, lay open
or pull down so much of the building work as prevents
the local authority from ascertaining whether any of
these regulations have been contravened. Finally, the
builder is required to give the local authority written
notice not more than five days after completion of the
building (excluding any Saturday, Sunday, Bank hol-
iday or public holiday).
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British Standards

It should be noted that many building materials and
components and constructional techniques are the
subject of British Standards. These documents are
issued by the British Standards Institution, which is a
private body representing all interests with financial
support from the government. The work of the Insti-
tution is mainly performed through technical com-
mittees. The use of these standards ensures a good
standard of materials and workmanship, and they
embrace the results of latest research. Apart from satis-
fying Building Regulations, the use of British Standards
reduces the work involved in specification writing and
makes for greater uniformity in requirements, which
helps the builder. Where a British Standard covers
several grades or classes of material, it is essential that
the required grade or class shall be stated. British Stan-
dard Codes of Practice describe in detail the best prac-
tical methods to be used and designs to be adopted.
They are, however, being replaced with British Stan-
dards as and when they are revised. In the years ahead
British Standards will probably be replaced by Euro-
codes.

Agrément Certificates

Many new materials and products have been produced
in the last three decades and it became vitally necess-
ary to provide an effective means of assessing their
likely performance. In 1966, the government set up the
Agrément Board to assess each product and its per-
formance for the prescribed use, and to devise and
carry out appropriate tests. On satisfactory completion
of its investigations, the Board issues an agrément certifi-
cate which contains details of the proprietary product,
the design data appropriate to its use, site handling and
subsequent maintenance. The British Board of Agrément
(BBA) is a member body of the European Organisation for
Technical Approvals (EOTA).

Improvement Lines and Building Lines

Section 73 of the Highways Act 1980 provides for the
highway authority to prescribe an improvement line on
either or both sides of a street to which the street is to
be widened, in front of which no new building shall be
erected, and limits compensation for buildings erected
after the prescription of the line. Section 74 of the
same Act provides similarly for the prescription of a

frontage line for new buildings on either or both sides
of a highway.

Planning Consent

Planning applications must be submitted where it is
proposed to carry out development which requires
permission under the Town and Country Planning
Acts. Such applications are usually required to be sub-
mitted in triplicate accompanied by plans, and also
accompanied by a fee.

‘Development’ is defined in the Town and Country
Planning Act 1990 as ‘the carrying out of building, en-
gineering, mining or other operations in, on, over or
under land, or the making of any material change in
the use of any buildings or other land.

Certain works do not constitute development and
do not therefore require planning consent. Typical
examples are works of maintenance, improvement or
other alteration of a building which affect only the
interior of the building, or which do not materially
affect its external appearance, the change of use of a
building to another use within the same class as listed
in the Town and Country Planning (Use Classes) Order
1987, and maintenance or improvement works to roads
by a local highway authority. On the other hand, the
conversion of a single dwelling into two or more sep-
arate dwellings, the deposit of refuse or waste material
and the display of advertisements generally require
planning permission. Limited extensions to dwelling
houses, boundary fences and walls within certain limits
of height, painting the exteriors of buildings and erec-
tion of contractors’ site huts are classified as ‘permitted
development’ and no planning permission is needed,
but this list is not exclusive.

A prospective developer often wishes to know
whether the development he has in mind is likely to
receive planning permission, before he purchases the
land or incurs the cost of preparation of detailed plans.
In these circumstances, the developer is able to submit
an outline application, which entails merely the sub-
mission of an application form and a site plan. Consent
may be given subject to subsequent approval by the
local planning authority of any matters relating to sit-
ing, design, external appearance, means of access and
landscaping of the site. In this way the applicant can
obtain officially the local planning authority’s reaction
to his proposals, without the necessity of preparing
comprehensive plans.
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All planning applications are recorded in a planning
register, which is available for inspection by the public.
The entries in the register will include details of the
applicant and agent (if any), nature and location of
proposed development, planning decision and result
of appeal (where applicable). The local planning auth-
ority has three choices

(1) to grant permission unconditionally;
(2) to grant permission subject to conditions;
(3) to refuse permission.

Decisions must include full reasons for refusal or for
any conditions attached to a permission, and an
aggrieved applicant has the right of appeal to the
Secretary of State.

Readers requiring more detailed information on
planning control are referred to Telling'®> and Heap.'¢

Other Statutory Requirements

New factory buildings are subject to various statutory
controls, apart from Building Regulations, by virtue of
the provisions of the Factories Act 1961 and the Clean
Air Acts 1956 and 1968, as amended by the Local Gov-
ernment, Planning and Land Act 1980. New offices and
shops have to comply with the Offices, Shops and
Railway Premises Act 1963. A number of statutes pre-
scribe minimum provision in relation to means of
escape in case of fire and fire-fighting appliances, in-
cluding the Fire Precautions Act 1971, while hotels and
restaurants are examined under the Food Hygiene Regu-
lations.

Other statutory provisions affecting building work
include the Local Government, Planning and Land Act
1980, the Defective Premises Act 1972, the Health
and Safety at Work Act 1974, the Construction Regula-
tions and the CONDAM new construction (design and
management) regulations which would extend the res-
ponsibility for health and safety from contractors to
designers and clients, probably from 1995 onwards,
although there were concerns over the high cost of
operation in 1994.

SEQUENCE OF BUILDING OPERATIONS

The building client may be a public authority, a private
organisation or even an individual. Where an architect
is engaged, the client supplies him with a brief of his
basic requirements which should be as comprehensive

as possible. The architect will inspect the site and con-
sult with the local authorities having planning and
building control functions, and with the various statu-
tory authorities that will provide services to the site. He
will then prepare preliminary sketch drawings for con-
sideration by the client and from which a quantity
surveyor can prepare an approximate estimate of cost.
On the larger projects, the quantity surveyor is likely to
produce a cost plan as a basis for the effective control
of the cost of the project throughout the design stage.
The architect will proceed with the working drawings,
and quotations will be obtained from sub-contractors
and statutory undertakers, in addition to the various
consents and approvals necessary. In the traditional
contract approach, the specification and bill of quanti-
ties will be formulated and together with the drawings
and conditions of contract will be sent to building
contractors for the submission of tenders. The tenders
are examined by the quantity surveyor who submits a
report to the client through the architect and a contrac-
tor is selected. In some circumstances it is preferable
to negotiate a price with a single contractor. Many
other forms of building procurement are now available
as detailed by Turner,'” and include design and build,
construction management, management contracting,
and design and manage.

Following acceptance of his tender the contractor
prepares a programme, orders materiais and starts
work on the site. His first task is to install certain vital
temporary works, such as access roads, hoardings, site
huts, storage compound and temporary services. Most
of the temporary works are removed by the time the
permanent work is complete. The contractor is re-
sponsible for the organisation of all the work on the
site including that of nominated sub-contractors.

The building will be set out on the site in accordance
with the dimensions and levels supplied by the
architect. Topsoil is stripped and probably stockpiled
on the site. Foundation trenches are excavated and
levelled, following which pegs are driven into the bot-
toms of the trenches with their tops delineating the
finished surface of the foundation concrete, which is
then poured. Bricklaying follows starting at the quoins
and stringing lines between them, and concrete over-
site laid. Brickwork is levelled to receive the damp-
proof course and the erection of walls continues with
the fixing of external door frames and windows as the
work proceeds.

The carpenter builds in first floor joists and follows
with the roof timbers. The roofer covers the roof to
complete the carcassing. Partitions are erected and
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floor finishes follow after the insertion of services.
Then comes the internal joinery in doors and stair-
cases, followed by plastering to walls and ceilings, fire-
places and joinery fittings. The final stages of the
project embrace the completion of services, decora-
tions and cleaning of floors and windows, external
works including landscaping, and removal of surplus
materials from the site.

In winter it is necessary to take certain precautions in
order to maintain an acceptable level of productivity.
Important precautions include good internal access
roads, protection of areas to be excavated when frost is
anticipated, protection of water services from frost,
care of plant, erection of temporary shelters or framed
enclosure, normally covered with suitable polythene
sheeting to working areas and heated where necess-
ary, and adequate protection of all new work during
exceptionally adverse weather conditions.

The architect is responsible for ensuring that the
work is built in accordance with the contract docu-
ments, and on larger projects will be assisted by a clerk
of works who stays on the site. The quantity surveyor
will make periodic valuations of the completed work
and materials brought onto the site and the architect
will then issue certificates authorising the client to
make payments to the contractor. After completion of
the work, the quantity surveyor will agree the final
account with the contractor. At the end of the defects
liability period, usually six months after completion,
the architect will prepare a schedule of defects for
which he considers the contractor is responsible. The
contractor will not receive payment of the outstanding
balance of retention money until these defects have
been remedied.

PROBLEMS IN DESIGN AND CONSTRUCTION OF
BUILDINGS

Principles of Design

Before we consider design and constructional prob-
lems it would probably be helpful to examine the ele-
ments or principles of design. A prime objective in
building design is to secure an attractive building —one
of high aesthetic value. It will also be appreciated that
buildings serving different purposes tend to assume
different forms. Hence public buildings often take a
symmetrical form to emphasise formality, order and
dignity, whilst individual houses are often quite infor-
mal. Character is derived from the composition as a
whole.

The relationship of the various units (such as doors,
windows, plinths and pilasters) to each other and to
the whole building is termed ‘proportion’, and their
relationship in size is described as ‘scale’. A well-
designed building will always be well proportioned.
Much of the beauty of older buildings stems from the
use of local materials which generally weather to
attractive colours. An effort should be made to harmo-
nise with adjoining buildings by sympathetic choice of
colours and to obtain an attractive street picture. The
texture of the materials should also be considered; in
general rougher surfaces have a more interesting tex-
ture with variations in colour which mellow over a
period of time.

Designing a building is essentially a matter of mak-
ing a long series of choices — choices about ends and
choices about means.'® Both client and designer are
concerned with the choice of ends, embracing the
purpose and character of the building and the client’s
special requirements. The means are solely the responsi-
bility of the designer and will include the detailed
planning, structural form, services and finishes; the
completed design represents a set of instructions for
the erection of the building.

The architect is concerned with providing a building
which will satisfy the client’s needs. In performing this
task he will, however, be obliged to have regard to
such factors as maximum use of land, cost, availability
of labour and materials, technological constraints,
planning and building regulations, relationship with
other buildings, landscaping, services, circulation net-
works, and fire and noise prevention, and desirably be
environmentally friendly.

Even the design of a dwelling house can be quite
complex if it is to effectively meet the changing needs
of the occupants over a long period of time. In the last
three decades there has been a change of approach
to the design of housing accommodation, stemming
from the government report Homes for Today and
Tomorrow.'® Accommodation standards generally cease
to be based on minimum room sizes, and depend on
functional requirements and levels of performance,
with minimum overall sizes for the dwelling related to
the size of family. There should for instance be space
for activities requiring privacy and quiet, for satisfac-
tory circulation, for adequate storage and to accom-
modate new household equipment, in addition to a
kitchen arranged for easy housework and with suf-
ficient room in which to take at least some meals. The
report includes recommendations for the provision of
sanitary appliances, kitchen fitments, bedroom cup-

boards, electric-socket outlets and minimum heating



The Building Process and Siteworks 13

standards. In 1980 the Government proposed modifica-
tions to the Parker Morris standards, described earlier,
which were considered unduly restrictive.

Design Problems

Until the 1930s architects were seldom tempted to de-
part from traditional construction, and they tended to
rely on inherited specifications which were based on
the known effects of time, wear and weathering on local
materials. Today the designer is faced with a wide
range of both old and new materials and components,
necessitating careful thought to design details to avoid
unsatisfactory results.

The Building Research Establishment?° has instanced
cases where accelerated deterioration and/or unsightly
appearance has resulted from the unsuitable placing of
incompatible materials or inadequate attention to de-
sign details. Streaking by rainwater washings over wall-
ing, resulting from lack of suitable projecting features
with adequate drips at the head of walls to buildings
with flat roofs is a typical example.

Changes in appearance of materials used externally
in buildings may result from any of the following three
causes

(1) Preventable faults in design and/or construction
where there is sufficient information available at the
time to avoid them.

(2) Unforeseeable behaviour of a material in a given
situation where it could reasonably be argued that
there was insufficient information generally available at
the time, and where the change may not be wholly
explicable in the light of existing knowledge.

(3) The process of ‘natural’ weathering, often as the
result of microclimatic influences, frequently unpre-
dictable in detail.

Some materials are commonly believed to be
maintenance-free but this is rarely so in practice. For
instance, untreated teak and western red cedar often
become unsightly, particularly in urban situations. An
annual application of a linseed oil/paraffin wax mixture
containing a fungicide or a suitable wood stain is
the minimum necessary to preserve appearance. Alu-
minium used externally requires anodic treatment,
followed by periodic washing, to maintain a satisfac-
tory appearance.?!

The extensive use of system building and timber
frame houses generated a new set of problems, some
of which will be described in chapter 4.

Building Regulations Approved Document M (1991)
covers access and facilities for disabled people to
which more attention is now being paid in the design
of buildings.

Building Maintenance

Building maintenance work uses extensive resources
of labour and materials and in 1985 the backlog on the
maintenance of the public housing stock in England
was estimated by the Urban Housing Renewal Unit®? at
£18.8b (approximately £5000 per house). By 1994 the
total national housing repair needs were probably in
the order of £50b. Hence it is vitally important that
the probable maintenance and running costs of a build-
ing should be considered at the design stage, and ad-
equate attention directed towards the maintenance
implications of alternative designs. A reduction in
initial constructional costs often leads to higher main-
tenance and running costs. The cheapest heating sys-
tem in installation costs is often the most expensive to
operate.??

Ransom?* shows the findings of a Building Research
Advisory Service survey of defects in 1975 which gave a
breakdown of 24 per cent rain penetration, 16 per cent
condensation, 5 per cent entrapped moisture, 5 per
cent other causes of damp, 18 per cent cracking, 15 per
cent detachment and 17 per cent miscellaneous items.

Performance Standards

New buildings have to meet the performance stan-
dards prescribed by the Building Regulations 1991.%°
For instance the strength and stability of a building is
covered by part A of the Building Regulations, and site
preparation and resistance to moisture in part C, as it is
vital that any building shall be wind and weather-tight.
With the greater provision of central heating, thermal
insulation assumes greater importance and provisions
relating to the conservation of fuel and power are con-
tained in part L of the Building Regulations, whilst as
the volume of noise increases and occupiers of build-
ings become more susceptible to noise, so the provi-
sion of adequate sound insulation (part E) becomes
important. The inclusion of minimum standards of re-
sistance to spread of fire, adequate means of escape in
case of fire and adequate facilities for the fire service
are essential and these are detailed in part B of the
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Building Regulations. Occupants of buildings want to
secure ample hygiene and effective drainage and waste
disposal and heat-producing appliances, and minimum
standards for these are scheduled in parts G, H and } of
the Building Regulations. More detailed reference will
be made to many of these regulations in later chapters.

Quality Assurance

Griffith?® has described how in recent years, increasing
concern has been expressed at the frequent low stan-
dards of performance and quality achieved in UK build-
ing work, which highlighted the need for structured
and formal systems of construction management to
improve performance, workmanship and quality.

BS 5750,%7 with its origins in manufacturing industry,
prescribes the national standard for quality assurance
systems in the UK. This standard is presented in six
parts: part 1 covers the specification for design/
development, procedure, installation and servicing;
part 2 deals with the specification for production and
installation; part 3 encompasses the specification for
final inspection and test; while parts 4, 5 and 6 provide
guidance for the practical implementation of the quali-
ty assurance systems specified in parts 1, 2 and 3.

The CIOB saw quality assurance as an objective de-
monstration of the builder’s ability to produce building
work in a cost-effective way to meet the customer’s
requirements,?® while the RICS considered that it in-
volved a management process designed to give confi-
dence to the client by consistently meeting stated
objectives.?®

Griffith?¢ has aptly described how quality assurance
is concerned with developing a formal structure, orga-
nisational and operational procedure to ensure good
quality throughout the total building process. Quality
is a measure of fitness for purpose and assurance re-
lates to the assessment and recognition of an organisa-
tion’s quality management system by an independent
assessor, termed the certification body. Individual
companies develop their own quality systems to the
guidelines prescribed by BS 5750.2

The basic requirement of quality assurance within
the construction industry is to give clients confidence
in the ability of designers, contractors, suppliers and
other parties to meet their requirements. Hence quali-
ty assurance certification must include an assessment
of the scope of management experience and efficiency
and the technical and financial competence of all par-
ties involved in the building process.?¢

Quality assurance can be applied to the following
five groups of participants in the construction industry

(1) client in the project brief;

(2) designer in the design and specification;

(3) manufacturers in the supply of materials, pro-
ducts and components;

(4) contractors and subcontractors in construction,
supervision and management;

(5) user in the use, upkeep and repair of the new
building.

Supervision of the work in progress is a vital part of
quality planning and implementation and BS 8000,3°
covering most of the traditional crafts, aims to encour-
age good workmanship by providing:

(1) most frequently required recommendations on
workmanship for building work in a readily available
and convenient form to those working on site;

(2) assistance in the efficient preparation and admi-
nistration of contracts;

(3) recommendations on how designers’ require-
ments for workmanship may be realised satisfactorily;

(4) definitions of good practice on building sites for
supervision and for training purposes, although this is
not intended to supplant normal training in craft skills;

(5) reference for quality of workmanship on build-
ing sites.

However, criticisms have been levelled at this British
Standard, with some justification, on the code being
unduly costly, cumbersome and repetitive.

Dimensional Co-ordination

BS 4011%! recommends that the first selection of basic
sizes for the co-ordinating dimensions of components
should be in the order of preference, n by 300 mm; n
by 100 mm; n by 50 mm; and n by 25 mm, where n is
equal to any natural number including unity. It is
essential to relate components to a grid if they are to fit
into the space planned for them within a building,
without the need for trimming and cutting. Also, by
using them in accordance with a grid, it is possible to
reduce the variety of components and increase stan-
dardisation and rationalisation in building. The grid
lines can be based on the centre lines of walls and
columns or on wall and column faces. Axial grids are
most suitable for framed buildings-and face grids are
better suited for buildings with load-bearing walls.
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Key reference planes constitute load-bearing walls,
columns and upper and lower surfaces of floors and
roofs. The spaces between these key reference planes
are termed controlling zones and the distances be-
tween these zones are called controlling dimensions.
The recommended sizes of controlling dimensions are
prescribed in BS 4330.°? Intermediate key reference
planes control the position of the heads and sills of
windows and heads of door sets. BS 6100* disting-
uishes building reference systems and defines dimen-
sions and dimensional and modular co-ordination.

ENVIRONMENTALLY FRIENDLY BUILDINGS

Apart from statutory requirements for buildings, there
was in the 1990s a strong and increasing awareness of
the urgent and vital need to produce more environ-
mentally friendly buildings, and this received further
momentum from the publication of the government
White Paper on the Environment (This Our Inheritance)
in 1990. A strong case can be made for developing
energy efficient and environmentally friendly products
suitably coded.

Chlorofluorocarbons (CFCs) are man-made chemi-
cals mostly used in the building industry and they con-
stitute a main cause in the thinning of the ozone layer
and the ‘greenhouse’ warming of the earth, culminat-
ing in the Montreal Protocol in 1987.>* The UK govern-
ment expressed its intention to eliminate all sources of
CFCs by year 2000 and to reduce significantly the pro-
portion of halcon. BRE information paper IP 23/89%°
detailed how the use of CFCs can be minimised in the
short term and completely replaced in the long term.
The implications for users and specifiers of air con-
ditioning equipment, and of using alternative insula-
tion materials in roofing, walls, flooring and timber
frame construction, are given, including technical risk
issues.

The most important greenhouse gas is carbon diox-
ide (CO,), the levels of which have risen by 25 to 30 per
cent since 1840. The largest source of CO, results from
burning fossil fuels to supply energy needs and, in the
UK, over half of all energy production is consumed in
buildings. Levinson et al.*® identified the following
three straightforward techniques which could assist
significantly in producing environmentally friendly
buildings

(1) to produce energy efficient buildings with a
minimal need to burn fossil fuels or use expensive
electricity, and generating large cost savings;

(2) to ensure that materials used in buildings are
environmentally friendly, such as ceasing to use trop-
ical hardwoods;

(3) to ensure that buildings are managed so that
they continue to have a low environmental impact.

Developers of new buildings designed to be more
environmentally friendly can seek recognition through
a BRE environmental assessment method (BREEAM),
which was introduced in 1990, starting with office
buildings and extended to homes in 1991, to cover a
range of issues affecting the global, neighbourhood
and internal environments, and gives credits for each
aspect of design where specific targets are met. Global
issues encompass global warming, ozone depletion,
rain forest destruction and resource depletion. Neigh-
bourhood issues comprise Legionnaires’ disease (from
cooling towers), local wind effects and re-use of
existing site. Indoor issues embrace Legionnaires’ dis-
ease (from water supplies), lighting, indoor air quality
and hazardous materials.?’

Radon

Radon is a colourless, odourless gas which is radioactive. It
is formed where uranium and radium are present and can
move through cracks and fissures in the subsoil, and so into
the atmosphere or into spaces under and in dwellings.
Where it occurs in high concentrations it can be a risk to
health.

The Building Regulations Approved Document C states
that ‘where a house or extension is to be erected in
Cornwall or Devon, or parts of Somerset, Northampton-
shire or Derbyshire there may be radon contamination of
the site and precautions against radon may be necessary’.
The BRE Report 21132 gives detailed guidance on where
protection is necessary and also contains practical cons-
tructional details.

There are two main methods of achieving radon protec-
tion in new dwellings: passive and active.

(1) The passive system consists of an airtight and there-
fore substantially radon-proof barrier, generally of 1200
gauge polyethylene (polythene) sheet, across the whole of
the building including the floor and walls. This is the
preferred method but may need to be supplemented by
secondary protection, probably involving underfloor venti-
lation or subfloor depressurisation.

(2) The active system consists of a powered radon
extraction system as an integral part of the services of the
house, comprising a sump(s) which is usually ducted
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internally with a fan outlet through the roof. It will incur
running and maintenance costs for the life of the building.

Further guidance on the provision of radon sumps in
existing dwellings is given in BRE report BR 227%? and on
radon surveys and their implementation in existing dwel-
lings in BRE Report BR 250.%
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2 BUILDING DRAWING

Building drawing is important as it is often easier to
explain building details by drawings or sketches than
by written descriptions. Drawing thus forms an effec-
tive means of communication and drawings constitute
an essential working basis for any building project. It is
desirable to achieve maximum uniformity in the pre-
sentation of building drawings and this is assisted by
implementing the recommendations contained in BS
1192: Construction drawing practice Part 1: 1984 Re-
commendations for general principles, supported by
Part 2: 1987 Recommendations for architectural and
engineering drawings and Part 3: 1987 Recommenda-
tions for symbols and other graphic conventions. This
chapter is concerned with the various drawing ma-
terials in use and the basic principles to be observed in
the preparation of drawings and sketches.

DRAWING INSTRUMENTS AND MATERIALS

Students are advised to purchase good-quality drawing
instruments which can quite easily last a lifetime. It is
possible to purchase complete sets with varying ranges
of instruments or to buy instruments singly. A popular
and useful set of instruments is illustrated in figure 2.1.
Compasses. These are usually 125 or 150 mm in length
and a lengthening bar (figure 2.1.6) permits the draw-
ing of large radius curves. They should be designed to
take a pencil point (figure 2.1.1), pen point (figure
2.1.4) or divider point (figure 2.1.5). Ideally they should
be self-centring so that even pressure can be main-
tained on both points. Pen or ink points are often
made from tungsten steel for use with plastic tracing
film which is highly abrasive. In some cases the instru-
ments are double knee-jointed and the points fitted
with fine adjusting devices. The pencil should be sharp-
ened to a chisel point and fitted tangentially to the
circle.
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Beam compasses. These are used for drawing circles
and curves of extra large radius. They consist of attach-
ments which are fastened to a wood lath or metal bar
and have needle points and interchangeable pen and
pencil points. They can be useful for plotting land
surveys but are rarely needed for building drawings.
Spring bow compasses. These are used for drawing
small radius circles and curves. They are obtainable as
separate dividers, and pen and pencil compasses (fig-
ures 2.1.7, 2.1.8 and 2.1.9).

Many sets of drawing instruments also include the

larger divider compasses shown in figure 2.1.2. These
are useful for setting out larger divisions of equal
length.
Ruling pens. These consist of a handle and two blades
of equal length connected by an adjusting screw for
varying the thickness of line (figure 2.1.3). One blade is
normally hinged or pivoted for ease of cleaning. The
ink is fed in between the blades and the pen is held in a
vertical position and drawn along the edge of a tee
square or set square. The pen must be carefully
cleaned after use. These pens are, however, little used
nowadays.

In recent years many draughtspersons have used

‘Graphos’,  ‘Rapidograph’,  ‘Rotring—Isograph’  and
similar type pens which are a form of fountain pen that
take Indian ink and have interchangeable heads or nibs
for producing lines of different thicknesses. A Rotring-
—Isograph pen is illustrated in figure 2.1.10. They are also
useful for sketching and writing. Some manufacturers have
produced compasses which will take inter-changeable ink
heads with ink containers.
Freehand pens. These are useful for producing small
lettering such as explanatory or descriptive notes on
drawings of building details. Larger lettering can be
obtained with a Gillott Nr 303 or similar nib attached to
a standard holder, while mapping pens with fixed or
interchangeable nibs are useful for small lettering.
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Drawing ink. This is usually black in colour and water-
proof, although a wide range of coloured inks is also
available. Indian ink is sold in bottles or tubes which
must be kept sealed.

Stencils. These are used by draughtspersons, especial-
ly for main headings. They are available in a wide range
of sizes and in a number of different styles of letters
and figures. Special pens are used with the stencils and
have ink feeds. They are not suitable for examination
purposes.

Pencils. They are produced in a variety of grades and
HB is generally found to be most suitable for small
scale drawings and B pencils for large scale work and
sketches. It is advisable to use good-quality pencils
sharpened to a round point, preferably with a pen-
knife.

Erasers. The erasing of pencil work is generally done
with soft rubber erasers, although art gum may be used
for large surfaces. Ink work can be removed with green
ink erasers but much quicker results can be obtained
with electrically operated erasers. Erasing work is facili-
tated by the use of erasing shields which consist of thin
pieces of metal or plastic incorporating perforations of
various shapes, which mask the parts of the drawing to
be retained. Electrically operated erasers are often
used in large drawing offices.

Drawing boards. These are made in a variety of sizes
and to various designs. BS 6381: 1983 (specification for
drawing boards) gives the recommended sizes for
drawing boards and tee squares. The most common
sizes are A2: 650 X 470 mm; Al: 920 X 650 mm; and
AO: 1270 x 920 mm. Good-quality boards may be
made of silver spruce with a projecting edge of black
plastic to take the head of a tee square. The dovetail
jointed boards have slotted hardwood battens screwed
to their back face. Other drawing boards consist of
laminboard faced on both sides with mahogany veneer
and with beech capping pieces on all edges. Boards for
student use include clamped softwood boards and
poplar-faced blockboard, possibly fitted with alumi-
nium moulded ends. Most draughtspersons use draw-
ing tables fitted with a parallel motion straight-edge
operating on a continuous wire and pulley principle.
Tee squares. These are used to produce horizontal
lines and as a working platform for set squares. The
most common variety is made of mahogany with black
plastic working edges. The usual lengths are 650, 920
and 1270 mm (see figure 2.1.10).

Set squares. These are used to draw vertical or inclined
lines. One type of set square has two angles of 45°

while the other has angles of 60° and 30° respectively.
For other angles adjustable set squares or protractors
may be used. Set squares and protractors are usually
made of transparent plastic and set squares may have
plain or bevelled edges with sizes varying from 150 to
350 mm (see figure 2.1.11). Rotring make an adjustable set
square with an ink edge, comprising a rebate to prevent ink
spreading under the square by capillary action, and this has
proved popular.
French curves. These are made of transparent plastic
and to a variety of forms as aids to drawing architec-
tural curves with pens, and in the form of railway
curves ranging from 50 to 6000 mm radius.
Scales. These are used for plotting dimensions prior to
drawing and for scaling from finished drawings. Most
scales are now manufactured from PVC, which is
dimensionally stable, and are either of 150 or 300 mm
nominal length of flat or oval section; the majority are
fully divided. A very popular and useful scale of oval
section with scales on four edges has 1:10 and 1:100,
1:20 and 1:200, 1:5 and 1:50, and 1:1250 and 1:2500
scales.

Commonly used scales are shown in table 2.1.

Choice of scale is influenced by the need to com-
municate information accurately and adequately to se-
cure maximum output, the nature of the subject and
the desirability of producing all drawings for a particu-
lar project of uniform size. Further guidance is given in
CPI (Building Project Information Committee) Produc-
tion Drawings: a code of procedure for building works
(1987) on the production and arrangement of drawings.

A scale of 1:100 is a very popular scale of plans,
sections and elevations of new buildings. One mil-
limetre on the drawing represents one hundred mil-
limetres on the site. It is very close to the old ¢ inch to 1
foot scale, which had a ratio of 1:96. Scale drawings
enable building details to be drawn in direct propor-
tion to the work to be undertaken on site and in a
convenient form for extraction of relevant information.
Drawing paper. This is produced in the form of car-
tridge paper for general use and handmade paper for
fine line work and to receive colour washes. Cartridge
paper is made in several qualities and weights and
either in rolls 25 m long or in sheets. Trimmed sizes of
drawing sheets as specified in BS 3429:1975 (Sizes of
drawing sheets) are: 841 X 1189 mm (A0); 594 x 841
mm (A1); 420 X 594 mm (A2); 297 X 420 mm (A3); and
210 X 297 mm (A4). It is desirable to use standard size
sheets wherever possible. Detail paper, which resem-
bles thick tracing paper, is used on occasions for
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Table 2.1 Recommended scales

Scales for
use with
Type of metric
drawing Function of drawing system Notes
DESIGN STAGE
Sketch preliminary drawings, Scales will vary
Drawings sketches or diagrams to but it is
show designer’s general recommended
intentions that preference
be given to
those used in
production
stage
PRODUCTION STAGE
Location drawings
Block plan to identify site and 1:2500* *Ordnance
locate outline of building 1:1250* Survey indicate
in relation to town plan or that due to
other wider context large costs and
labour involved
Site plan to locate position of 1:500 these scales will
buildings in relation to 1:200 probably have
setting out point, means to be retained
of access, general layout for a
and drainage transitional
period
General arrangement to show position occupied 1:200
by various spaces in 1:100
building, general construction  1:50
and location of principal
elements, components and
assembly details
Component drawings
Ranges to show basic sizes, system 1:100
of reference and performance  1:50
data on a set of standard 1:20
components of a given type
Details to show all the information 1:10
necessary for the manufacture  1:5
and application of components 1:1 (full
size)
Assembly to show in detail the 1:20
construction of buildings; 1:10
junctions in and between 1:5

elements, between elements
and components, and between
components
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preliminary drawings and is often suitable for photo-
copying.

Tracing paper. This has either a smooth or matt surface
and can be obtained in either roll or sheets in several
weights, suitable for ink and pencil drawing. For
greater durability tracing cloth and polyester film are
available. It is advisable to hang tracing cloth before
use to permit expansion to take place and to dust the
working surface with French chalk to remove grease
and permit the ink to run evenly.

Reproduction of Drawings

This can be done in various ways as described below.
Reproduction is important as it is rarely satisfactory to
use the original drawing on the site.
Diazo. Material (paper, cloth or film) is exposed in
contact with the original to an ultra-violet light source
and developed with liquid ammonia vapour or heat. It
normally produces dark brown to black lines and is
very suitable for working drawings.
True-to-scale (TTS). A manual system of offset printing
using gelatine plate, with ink lines on a variety of ma-
terials, and produces dark black permanent lines.
Blueprint. This consists of white lines on blue paper or
opaque cloth and is now almost entirely superseded by
diazo. The material (paper or cloth) is exposed in con-
tact with the original to a suitable light source and
developed in water.
Contact copying or photostats. This produces a black
line on paper, translucent cloth or film. A direct posi-
tive is made from the translucent original by transmit-
ted light and a negative positive made by reflex
copying of an opaque original to give a laterally re-
versed first copy and right reading subsequent copies.
Optical copying. A black line is produced on silver
sensitised materials from a photographic negative,
using a camera and film.

For smaller drawings of size A3 and below, three
other reproduction processes are available: namely,
diffusion transfer, electrophotography and offset litho.

LAYOUT AND PRESENTATION OF DRAWINGS

Itis important that drawings shall be logically and neat-
ly arranged to give a balanced layout. BS 1192 Part 2
recommends that every drawing sheet shall have a
filing margin, title and information panel. The title and
information panel is located at the bottom right-hand

corner of the sheet and incorporates the project title,
subject of drawing, scale, date of drawing, project
number and revision suffix, and name and possibly
address and telephone number of architect or surveyor
responsible for the project. Often the names or initials
of the persons drawing and checking the drawing are
also added. Above this information is provision for the
legend and notes. The student will not need to give so
many particulars and can reduce the size of the title
and information panel on the lines adopted for the
figures in this book. He/she particularly needs to in-
corporate his/her name, the subject of the drawing and
the operative scales, as indicated in figure 2.1.11.

BS 1192 Part 2 contains a variety of illustrated exam-
ples relating to location/general arrangement draw-
ings, including a block plan, site plan, floor plans,
section and elevation, and assembly/detail drawings
encompassing a window opening and component
range/schedule and component detail for doorsets.
There is also a hardware schedule, reinforced concrete
and steelwork details, drainage plan, hot and cold
water services plan and isometric projection, lighting
and electric power plans and details of other services.

Setting out the various parts of a drawing may prove
difficult to the student in his/her early days. It may
therefore be helpful to draw rough outlines on tracing
paper in the first instance. Ensure that the drawing
paper has its smoothest surface upwards and pin the
sheet onto the drawing board with a drawing pin at
the top left-hand corner. Manipulate the sheet so that
the top edge is parallel to the tee square and a second
pin can then be inserted at the top right-hand corner of
the sheet. With small sheets it is not advisable to use
pins at the bottom corners of the sheet as they obstruct
the tee square. Another alternative is to fix the sheets
with Sellotape.

The first step is to draw the border lines using a tee
square in both directions. Thereafter all vertical lines
are drawn with set squares. The title and information
panel should follow, and the space remaining is avail-
able for drawing.

Apart from the desirability of securing a balanced
arrangement and a nice-looking drawing, it is also
possible to save a considerable amount of time by
carefully locating the various parts in a logical rela-
tionship one with another. Hence when preparing
plans, sections and elevations of buildings or compo-
nents parts, such as windows and doors, it is good
practice to draw the plan(s) at the bottom of the sheet
and the section(s) on the right-hand side. The eleva-
tion(s) can then be drawn by projecting many of the
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lines upwards from the plan(s) and horizontally across
from the section(s). Many examples of this arrange-
ment appear in figures throughout this book.

GENERAL ASPECTS RELATING TO DRAWINGS

Some of the more important general aspects relating to
building drawings are now considered. Firstly it is vital
that all instruments, scales, tee squares and set squares
are kept clean with a suitable cloth or duster. Scale and
plot a number of points before connecting them with
lines in order to accelerate the drawing process. Al-
ways use a scale which is sufficiently large to permit the
drawing of details that can easily be read, with ad-
equate space for annotated notes. Draw all lines lightly
in the first instance and work from centre lines where-
ver practicable.

Lines

BS 1192 Part 2 recommends the use of lines of different
thicknesses for the following specific purposes.

Thick lines. These should be used for site outline of
buildings on block and site drawings; primary func-
tional elements, such as loadbearing walls and struc-
tural slabs, on general location and assembly drawings;
outlines requiring emphasis on component ranges and
horizontal and vertical profiles on component details.
Services are shown by thick broken lines.

Medium lines. These should be used for general de-
tails on site drawings; secondary elements and compo-
nents, such as non-loadbearing partitions, windows
and doors, on general location and assembly draw-
ings; outlines of components, on component ranges;
and general details on component details.

Thin lines will be used for reference grids, dimension
lines, leader lines and hatching on all types of drawing;
centre lines are shown by thin chain lines.

Dimensions

Dimension lines for figured dimensions should always
be drawn in positions where they cannot be confused
with other information on the drawing. The terminal
points to which dimension lines refer must be clearly
shown and BS 1192 makes certain recommendations.
Open arrows of the type in figure 2.2.1 should be used
for basic or modular dimensions or for the sizes of

spaces or components taken to grid lines, centre lines
or unfinished carcase surfaces. Tolerances or gaps, and
the work sizes of components which are specified for
manufacture (so that allowing for the tolerances, the
actual size lies between the required limits) shall be
indicated by solid arrows of the type shown in figure
2.2.2 and 2.2.3.

Dimension figures. These should be written im-
mediately above and along the line to which they re-
late, as shown in figure 2.2.1. Running dimensions
should take the form illustrated in figure 2.2.4. In all
cases dimension figures, when not written for viewing
from the bottom, should be written only for viewing
from the right-hand edge (see figure 2.2.5).

Linear dimensions may be expressed in both metres
and millimetres on the same drawing. In order to avoid
confusion metres should be given to three places of
decimals, for example, 2.1 m should be entered as
2.100. Millimetres will be entered as the actual number
involved, for example, a wall thickness of 215. In this
way the need for symbols (m and mm) is largely
avoided. Summing up, the approach to be adopted for
metric dimensions is

(1) whole numbers indicate millimetres;

(2) decimalised expressions to three places of de-
cimals indicate metres;

(3) all other dimensions should be followed by the
unit symbol.

The sequence of dimensions of components must
be in the order of (a) length, (b) width and (c) depth or
height. New levels, such as floor levels, should be
distinguished from existing ground levels by inserting
them in boxes; for example, a finished floor level

could be shown as FFL [150.750.
Graphical Symbols

Materials in section on plans and vertical sections are
best hatched to assist in interpreting the drawings.
Hatching is preferable to colouring which is costly,
laborious and conducive to error. Hatchings represent-
ing the more commonly used materials are contained
in BS 1192 Part 3 and some of these are reproduced in
figure 2.2.6. The use of nationally recognised hatchings
leads to uniformity in the presentation of drawings and
enables them to be more readily and easily under-
stood.
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A large number of graphical symbols are in common
use representing components in connection with ser-
vices, installations and fixtures and fittings, and a
selected sample is shown in figure 2.2.7. BS 1192 Part 3
shows many more examples of graphic symbols, in-
cluding a wide range of sanitary fittings, manholes,
gullies, piped and electrical services. Recognised
abbreviations may also be used and these can result in
a reduction in the length of explanatory notes on draw-
ings. A selected sample of officially recognised ab-
breviations follows.

Aggregate Agg Hardboard hdb
Air brick AB  Hardcore hc
Aluminium al Hardwood hwd
Asbestos abs Inspection IC
chamber
Asphalt asph Insulation insul
Boarding bdg Joist jst
Brickwork bwk Mild steel MS
Cast iron Cl Pitch fibre PF
Cement ct Plasterboard pbd
Concrete conc Rainwater pipe RWP
Copper copp Reinforced RC
concrete
Cupboard cpd  Softwood swd
Damp-proof course DPC Stainless steel SS
Damp-proof DPM Tongue and T&G
membrane groove

Foundation fdn  Vent pipe VP
Glazed pipe GP  Wrought iron wi
Lettering

Lettering is needed on drawings to provide informa-
tion which could not otherwise be obtained. The aim
should be to produce uniform, neat and easily legible
lettering. General notes may with advantage be col-
lected in groups but more specific particulars should
be inserted as near as possible to the items to which
they relate. Care must however be taken not to
obscure any part of the drawing with lettering or lines
linking lettering and, details.

Lettering can take a variety of forms from block
letters to small case (italics), or even neatly handwrit-
ten notes. It should be appreciated that the lettering
on a drawing can quite easily occupy one-third of the
total time required to prepare the drawing. Hence if
time was short in the examination, a candidate would

be justified in completing drawings to later questions
with neatly handwritten notes, provided that he had
earlier lettered up a drawing adopting the more ortho-
dox approach. Each individual adopts his own style of
lettering — vertical or sloping, thin or broad, simple or
more flamboyant. Generally, a student would be well
advised to adopt a fairly simple style of lettering and to
gain adequate practice to achieve a fair standard of
competence. Small-case lettering is best suited for
notes and block letters for headings.

In any event, in the early stages, the student should
produce his lettering between faint parallel lines. The
letters and figures should be well formed with uniform
spacing between the letters, using a fairly soft pencil,
such as a B grade, kept continuously sharpened. BS
1192 recommends heights of 4 to 7 mm for headings
and 1.5 to 2.5 mm for notes. Three styles of lettering
are illustrated in figure 2.3.1. The first is a simple
broad, vertical style for headings, the second a thinner,
sloping and more elaborate style also suitable for head-
ings, and the third is small case for notes.

SKETCHES

In recent years many examining bodies have intro-
duced sketches into technology questions as a substi-
tute for scale drawings. This approach is based on the
philosophy that more drawings can be produced in a
given period by sketching than by scale drawing.
Hence the examination candidate has a greater oppor-
tunity to demonstrate his knowledge of the subject and
of his ability to apply this knowledge to practical con-
struction problems. Furthermore, the drawing process
is simply a means of communication and the main aim
of a building technology examination is not to test the
ability of the candidate in producing scale drawings.
Sketches can often be used to advantage in an ex-
amination to supplement a written description.

Some students have expressed concern at the move
towards sketches, using the argument that they never
have been and never will be artists. There is something
of a fallacy here. Sketching requires practice in the
same way as scale drawing does and the majority of
students can acquire a reasonable skill over a period of
time. There are several basic rules to be observed

(1) All sketches should be fairly large: it is difficult
to show sufficient details on small sketches.
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(2) Sketches should be in correct proportions and
one useful approach is to plot a few leading dimen-
sions to a suitable scale before starting to sketch.

(3) Use asoft pencil (a B grade pencil is often used);
faint lines can be thickened up subsequently.

(4) Develop the ability to move the hand down or
across the paper working from the shoulder or elbow,
and not merely the fingers.

(5) Start by sketching simple objects like garden
sheds, summerhouses and garages: valuable experi-
ence can be obtained by taking a notebook on one’s
travels and sketching buildings or building details.

(6) To give the sketches a measure of solidity,
establish a source of light and shade all faces which are
hidden from it.

Some typical sketches are shown in figures 7.5, 9.6,
12.1 and 13.3.

WORKING DRAWINGS

The majority of working drawings consist of plans,
sections and elevations drawn by orthographic projec-
tion, whereby they are all in flat planes. The working
drawings form one of the most effective ways of con-
veying the designer’s requirements to the contractor,
to assist him in constructing the work on the site.
Plan. This represents a view from above of an object on
a horizontal plane. With buildings, plans are normally
drawn of each floor at about one metre above floor
level, looking down at the floor and cutting through
walls, doors and windows.

The drawing represents a sectional plan of the walls,
doors and windows, as if they were cut open. A roof
plan looks down on the roof which is opened up to
show the roof members.

Sections. These are taken vertically through a building
cutting through the foundations, walls, partitions,
floors, roof, windows and doors, to show the form of
construction. Some features such as internal doors,
wall tiling, skirtings and picture rails will appear in
elevation where they are seen in the background.
Elevations. These represent external faces of a building
including windows and doors.

BS 1192 describes how, in theory, with orthographic
projection one or more views of an object are obtained
by dropping perpendiculars from all significant points
on the object to one or more planes of projection.

These perpendiculars are known as projectors and the
principal planes of projection are assumed to be at
right angles to one another.

Figures 2.3.2 and 2.4.1 illustrate plans, sections and
elevations of an electricity switch house and are a good
example of orthographic projection.

In practice all the components on figures 2.3 and 2.4
would be on a single sheet to permit projections from all
components horizontally and vertically using a tee square,
and set square, but the restriction of the page size prevents
this in its entirety. An alternative scale is 1:50 which permits
the inclusion of greater detail and provides more space for
descriptive notes and dimensions.

Other forms of projection are used on occasions to
make drawings more easily understood.

Isometric projection. This is a common form of projec-
tion in which length, breadth and height of the object
are shown on the one drawing. An example of a house
drawn to isometric projection is illustrated in figure
2.5.3 from the plan in figure 2.5.1 and elevation in
figure 2.5.2. All vertical lines are drawn as verticals and
horizontal lines at 30° to the horizontal. A layman can
far more readily appreciate and comprehend the
nature and appearance of the building from the iso-
metric sketch than he can from the plan and elevation.

Axonometric projection. This projection is another way
to draw the building, as shown in figure 2.5.4. This is
similar to isometric projection, except that horizontal
lines are drawn at 45° to the horizontal. Both projec-
tions are useful for preparing drawings of components
and of service layouts in buildings. However, BS 1192,
Part 1: 1984 adopts different criteria when describing
projections.

Pictorial projection. There are in fact two methods of
drawing in perspective: angular perspective for exter-
nal views of buildings and parallel perspective which is
normally used for interiors. Both methods provide pro-
jections from a spectator situated some distance from
the building or room being drawn. These processes are
not considered in detail as they are thought to be
outside the scope of this book.

Building Research Establishment Current Paper 18/73
(Working drawings in use) drew attention to the need for
the proper classification of drawings with appropriate
titles and references to other drawings for further in-
formation where applicable, to assist in their dissemina-
tion. Coded referencing of materials and components
with the corresponding items in the bill of quantities
and specification can be very helpful to the contractor.
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3 FOUNDATIONS, EARTHWORK SUPPORT
AND CONCRETE

It is imperative that the foundations of a building be
properly designed to spread the dead and superim-
posed loads over a sufficient area of soil, after the
removal of all vegetable matter. In this context ‘soil’ is
that part of the earth which lies below the topsoil and
above the rock, having been formed by the erosion of
the earth’s crust by water, atmospheric means, and
intense pressure over many thousands of years. This
involves an understanding of soil types and their
characteristics, and awareness of the different types of
foundation that are available. Chapter 1 dealt with site
investigations and these included an examination of
soil conditions and the level of the water table. These
aspects are becoming even more important as some
building sites now occupy land which has been
avoided in the past. Building Research Establishment
Digest 64' suggests an initial approach to the local
authority with its intimate knowledge of soil and gen-
eral conditions in the area. Older editions of Ordnance
Survey maps may provide useful information on fea-
tures that cause difficulty, such as infilled ponds, ditch-
es and streams, disused pipes and sites of old buildings
and tips. A polygonal pattern of cracks about 25 mm
wide on the ground surface during a dry summer indi-
cates a shrinkable soil. Whereas larger cracks, roughly
parallel to one another generally indicate deeper-
seated movements and may be caused by mining,
brine pumping, or landslips.’

When building on filled sites, such as inner city
redevelopment and reclaiming industrial waste lands,
it is necessary to establish whether the fill is able to
support the building without excessive settlement and
whether the fill contains materials which are hazardous
to health and harmful to the environment or building.
Building Regulation Approved Document C2 (1991) de-
scribes the measures needed to remove solid and
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liquid contaminants, to fill and seal the surface and to
deal with gaseous contaminants such as radon and
landfill gas and methane. Further information on the pro-
vision of protection against radon is given in chapter 1.

IDENTIFICATION AND CHARACTERISTICS OF SOIL

Table 3.1 is extracted from Building Research Establish-
ment Digest 64! and classifies soil types; it shows how
they are identifiable in the field, and details possible
foundation difficulties. Quantitative tests in the field
and laboratory will be necessary where comprehensive
information on soil conditions is required. In this con-
nection reference to BS 5930% and BS 1377 should
prove useful.

BS 8004 and 8103* provide a basis for field identifica-
tion of soil in terms of the predominant size of soil
particle and the strength features which have an impor-
tant influence on foundation behaviour; the following
descriptions are mainly extracted from these Standards.

Non-cohesive Soils

Gravel. A natural deposit consisting of rock fragments
in a matrix of finer and usually sandy material. Many of
the particles are larger than 2 mm in size.

Sand. A natural sediment consisting of the granular
and mainly siliceous products of rock weathering. It is
gritty with no real plasticity. The particles normally
range between 0.06 and 2.00 mm in size.

Well-graded sand. A sand containing a proportion of
all sizes of sand particles with a predominance of the
coarser grades.

Compact gravel and sand. Deposits require a pick for
removal and offer high resistance to penetration by
excavating tools.



Table 3.1 Soil identification

Possible
Field assessment of foundation
Soil type Field identification structures and strength difficulties
Gravels Up to 76.2 mm (retained on No. 7 BS sieve) Loose - easily removed by shovel. Loss of fine
50 mm stakes can be driven well in particles in water-
Some dry strength indicates presence of clay bearing ground
Sands Pass No. 7 and retained on No. 200 BS sieve Compact - requires pick for excavation. Frost heave,
Stakes will penetrate only a little way especially on fine
Clean sands break down completely when dry sands
Individual particles visible to the naked eye and Excavation below water table
gritty to fingers causes runs and local collapse,
especially in fine sands
Silts Pass No. 200 BS sieve. Particles not normally Soft — easily moulded with the fingers As for fine sands
distinguishable with naked eye
Firm - can be moulded with strong finger
Slightly gritty; moist lumps can be moulded with pressure
the fingers but not rolled into threads
Shaking a small moist lump in the hand brings
water to the surface
Silts dry rapidly; fairly easily powdered
Clays Smooth, plastic to the touch, sticky when moist. Very soft — exudes between fingers when Shrinkage and
Hold together when dry. Wet lumps immersed in  squeezed swelling caused by
water soften without disintegrating vegetation
Soft — easily moulded with the fingers
Soft clays either uniform or show horizontal Long-term settlement
laminations Firm — can be moulded with strong finger by consolidation
pressure
Harder clays frequently fissured, the fissures Sulphate-bearing
opening slightly when the overburden is removed  Stiff — cannot be moulded with fingers clays attack concrete
or a vertical surface is revealed by a trial pit and corrode pipes
Hard - brittle or tough
Poor drainage
Movement down
slopes; most soft
clays lose strength
when disturbed
Peat Fibrous, black or brown Soft — very compressible and spongy Very low-bearing
capacity; large
Often smelly Firm — compact settlement caused by
high compressibility
Very compressible and water retentive
Shrinkage and
swelling — foundations
should be on firm
strata below
Chalk White - readily identified Plastic — shattered, damp and slightly Frost heave
compressible or crumbly
Floor slabs on chalk
Solid - needing a pick for removal fill particularly
vulnerable during
construction in cold
weather
Swallow holes
Fill Miscellaneous material - for instance rubble, To be avoided unless

mineral, waste, decaying wood

carefully compacted
in thin layers and
well consolidated

May ignite or contain
injurious chemicals

Source: BRE Digest 64"
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Loose gravel and sand. Deposits readily removable by
hand-shovelling only.

Uniform or poorly graded sand. The majority of parti-
cles lie within a fairly restricted size range.

Cohesive Soils

Clay. A natural deposit consisting mainly of the finest
siliceous and aluminous products of rock weathering.
It has a smooth, greasy touch, sticks to the fingers and
dries slowly. It shrinks appreciably on drying and has
considerable strength when dry.

Stiff clay. A clay which requires a pick or pneumatic
spade for its removal and cannot be moulded with the
fingers at its natural moisture content.

Firm clay. A clay which can be excavated with a spade
and can be moulded by substantial pressure with the
fingers at its natural moisture content.

Very soft clay. Extruded between fingers when
squeezed in fist at its natural moisture content.

Soft clay. A clay which can be readily excavated and can
be easily moulded with the fingers at its natural
moisture content.

Boulder clay. A deposit of unstratified clay or sandy
clay containing subangular stones of various sizes.
Silt. A natural sediment of material of finer grades than
sand. Most of the grains will pass a 75 micrometre test
sieve. It shows some plasticity, is not very gritty and
has appreciable cohesion when dry.

Soil Identification and Classification Tests

Soils may be subjected to a number of tests to establish
their identity and classify them. Some of the more
important tests will now be briefly described.

Particle size distribution. This test determines the
proportion of gravel, sand, silt and clay in a particular
soil. The soil is dried and sieved through a nest of
sieves, and the weight retained of each soil is re-
corded. The results of the grading test are plotted on a
graph. Sand has particles between 0.060 and 2.000 mm,
silt between 0.060 and 0.002 mm and clay is less than
0.002 mm.

Liquid limit test. The object is to determine the moist-
ure content at which the soil passes from plastic to
liquid state. The moisture content is expressed as a
percentage of the dry weight of the soil.

Plastic limit test. This determines the moisture content
at which the soil ceases to be plastic (soil sample can

be rolled into a thread 3 mm diameter without
breaking).

Plasticity index. This refers to the difference between
liquid and plastic limits.

Casagrande devised a soil classification chart and a
group symbol of two letters for each soil, the first letter
representing the size of the soil particles and the
second letter its main characteristic or property, as
indicated below.

First letter Second letter

Gravel G Fines F

Sand S High compressibility H

Silt M Intermediate compressibility |

Clay C Low compressibility L

Organic silts and clays O Poorly graded P
Well graded W
Clay C

A poorly graded sand would have a group symbol of
SP, if it were well graded it would be SW, and if it were
a sandy clay it would be SC.

Other tests include a dry density test to determine
the density of the dry soil in its natural position, the
standard penetration and consolidation tests to deter-
mine the compressibility and the shear vane, uncon-
fined compression and triaxial compression tests to
determine the shear strength parameters; both the
compressibility and shear strength parameters are
needed to ascertain the allowable bearing pressure.

DESIGN OF FOUNDATIONS

The primary aim must always be to spread the loads
from the building over a sufficient area of soil to avoid
undue settlement, particularly unequal settlement.
The Building Regulations 1991° Schedule I, Part A lays
down the following requirements for the foundations
of a building.

Loading
A1 (1) The building shall be constructed so that the
combined dead, imposed and wind loads are sustained

and transmitted to the ground -

(@) safely, and
(b) without causing such deflection or deformation of
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any part of the building, or such movement of the
ground, as will impair the stability of any part of
another building

(2) In assessing whether a building complies with
sub-paragraph (1), regard shall be had to the imposed
and wind loads to which it is likely to be subjected in
the ordinary course of its use for the purpose for which
it is intended.

Ground Movement

A2 The building shall be constructed so that ground
movement caused by (a) swelling, shrinkage or freez-
ing of the subsoil; or (b) land-slip or subsidence (other
than subsidence arising from shrinkage), in so far as
the risk can be reasonably foreseen, will not impair the
stability of any part of the building.

The further structural requirements in the Building
Regulations 1991 on disproportionate collapse in A3
applies only to buildings having five or more storeys
and A4 to public buildings, shops and shopping malls
with a clear span exceeding 9 m between supports.

BS 8004* includes a table of presumed allowable
bearing values under static loading for different soils
and these are incorporated in table 3.2. The dead,
imposed and wind loads of a building are calculated in
accordance with the principles laid down in BS 6399.¢
For instance the imposed load on a floor to a house is
likely to be about 1.50 kN/m?2. In this way the total load
in kilonewtons per linear metre of wall can be calcu-
lated, and dividing this by the safe bearing capacity of
the soil in kilonewtons per square metre will give the
required width of foundation in metres. The Building
Regulations Approved Document A1/2 (1991) also con-
tains a schedule (table 12) giving the minimum width of
strip foundation for varying total loads expressed in
kilonewtons per linear metre of wall for use on various
soils. For example, with gravel and sand the minimum
width ranges from 250 to 650 mm for loads varying from
20 to 70 kN/m. For firm clay or sandy clay the cor-
responding widths are 300 and 850 mm. With soft silt,
clay, sandy clay or silty clay, the foundation widths are
450 mm for a loading of 20 kN/m and 650 mm for 30
kN/m. For greater loadings it would be advisable to pile
or use a raft foundation. Table 12 in Building Regula-
tions Approved Document A1/2 (1991) is illustrated in
diagrammatic form in figure 3.1.

Building Research Establishment Digest 677 de-

scribes how a typical two-storey semi-detached house
of about 85 m? floor area, in cavity brickwork, with
lightweight concrete or clay block partitions, timber
floors and tiled roof, exerts a combined load
approaching 1000 kN, excluding the weight of founda-
tions. The loads at ground level are, in kilonewtons per
linear metre of wall, approximately: party wall 50,
gable end wall 40, front and back walls 25 and internal
partitions less than 15. When the foundations have
been designed, their weight must be added to the
loadings already calculated so as to obtain the total
bearing pressure on the soil beneath.

A load applied through a foundation always causes
settlement as it compresses the soil beneath it. How-
ever, not even uniform ground uniformly loaded set-
tles evenly, and the complex properties of soil make it
difficult to assess the settlement of individual founda-
tions or to predict the distortion of complete buildings.

Clays which shrink on drying and swell again when
wetted often cause movement in shallow foundations.
Shrinkage of clays occurs both horizontally and vertically,
and so there is a tendency for walls to be drawn out-
wards, in addition to settling, and for cracks to open
between the clay and the sides of the foundations. Water
may enter the cracks during the following winter and
soften the clay against or below the foundations.

Trees which are close to buildings on a clay soil can
cause extensive damage, particularly fast-growing trees
with wide-spread roots like poplars and also oak, wil-
low, cherry, plum and whitebeam. The tree roots ex-
tract water from the soil causing the clay to shrink
because of the reduction in moisture content. Build-
ings on shallow foundations should not be closer to
single trees than their height on maturity and not clos-
er to clumps or rows of trees than one-and-a-half times
the mature height of the trees. BRE Digest 298® de-
scribes how the minimum distance between buildings
and trees varies with the species of tree and that it can
be half the height of the tree with lime, ash, elm,
sycamore, hawthorn, beech, birch and cypress. Con-
stant pruning of growing trees is often necessary to
restrict their height and avoid risk of damage to build-
ings. Adequate time should be allowed after felling
trees on new building sites to allow time for the clay to
regain its water content, accompanied by ground
heave. Cutler and Richardson® have provided a useful
source of reference on the effect of roots of different
species of trees on buildings. Further guidance is avail-
able in BS 5837.1°



Total load of loadbearing walling not more than:

20 kN/m | 30 kN/m | 40 KN/m |  soxnim | 60 kN /m | 70 kN/m

Rock which is not inferior to sandstone, limestone or firm chalk and which requires at leost a
pnematic or other mechanically operated pick for excavation is in each case to be equal to width of
wall.

Gravel or sand which is compact and requires pick for excavation. A S50mm square wooden peg
hard to drive beyond 150mm.

600mm 650mm

_4uomp_ _"iaoo mm"_ wOmm l"

Clay or sandy clay which is stiff, and cannot be moulded with the fingers and requires a pick
or pneumatic or other mechanically operated spade for its removal.

/ //

300mm

Clay or sandy clay which is firm but can be moulded by substantial pressure with the fingers
and can be excavated with graft or spade.

Sand, silty sand and clayey sand which is loose and can be excavated with a spade. A SO0mm
square wooden peg can be easily driven.

If total load exceeds 30 kN/m foundations do
not fall within provisions of Table 12

Silt, clay, sandy clay and silty clay which is soft and is fairly easily moulded in the fingers
and readily excavated.

If total load exceeds 30 kN/m foundations do
not fall within provisions of Table 12

Silt, clay, sandy clay and silty clay where a natural sample in winter conditions exudes between
fingers when squeezed in fist.

v//

If total load exceeds 30 kN/m foundations do
not fall within provisions of Table 12

MINIMUM WIDTH OF STRIP FOUNDATIONS

Figure 3.1 (AS TABLE 12 TO BUILDING REGULATION AD A1/2)
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Table 3.2 Presumed allowable bearing values under static loading (Source: BS 8004*)

Presumed allowable bearing value

Types of rocks and soils (kN/m?)
Rocks

Strong igneous and gneissic rocks in sound condition 10 000
Strong limestones and strong sandstones 4 000
Schists and slates 3 000
Strong shales, strong mudstones and strong siltstones 2 000
Non-cohesive

Dense gravel, or dense sand and gravel > 600
Medium dense gravel, or medium dense gravel and sand 200 to 600
Loose sand, or loose sand and gravel < 200
Compact sand > 300
Medium dense sand 100 to 300
Loose sand < 100
Cohesive

Very stiff boulder clays and hard clays 300 to 600
Stiff clays 150 to 300
Firm clays 75 to 150
Soft clays and silts <75

Very soft clays and silts

Other soils
Peat and organic soils
Made ground or fill

Not applicable

Not applicable
Not applicable

With beds of sand, fine particles can on occasions
be washed out of the bed, reducing its stability. During
severe winters, frost may penetrate soil to a depth of
600 mm or more. If the water table is close to the
ground surface and the spaces between the soil par-
ticles are within a certain range, as with fine sands, silts
and chalk, water can move into the frozen zone and
form ice lenses of increasing thickness. The ground
surface is lifted and this movement is termed frost
heave.!!

Methods of assessing damage in low-rise buildings
with particular reference to progressive foundation
movement, causing a range of crack types and sizes to
the superstructure, are well detailed in BRE Digest
25112, ranging from negligible hairline cracks less than
about 0.1 mm wide to cracks greater than 25 mm wide
and necessitating partial or complete rebuilding of the
structure.

Underpinning

Underpinning has been defined as ‘the process of pro-
viding new, permanent support beneath a structure
without the need to remove it, often so as to increase
the capacity of the structure’. Remedial underpinning

is the process applied to structures that, through some
inadequacy in their support, have suffered damage and
distortion.

BRE Digest 352'* emphasises that underpinning is
usually necessary only if further damaging foundation
movements need to be stopped, and it is therefore
important to find out if movement is continuing. Ident-
ifying the exact cause of movement may require ex-
pensive exploration and soil testing, while confirming
that