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*  PREFACE TO THIRD EDITION

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

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

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

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

Roger Greeno

Guildford 1998



PREFACE TO FOURTH EDITION

Since the previous edition, reprint opportunities have permitted some amendments.
These have included new procedures, relative to legislative and practice changes.
This revised edition develops these further, with greater attention to information
and detail. It also incorporates more recent issues, especially aspects of the Building
Regulations that require buildings to be designed and constructed to higher energy-
efficient standards. The responsibilities on building designers and owners with
regard to human rights are considered in a new chapter outlining the facilities
required for the convenience of the less able using buildings other than dwellings.

Notwithstanding contemporary requirements, the book’s established
construction principles are retained. These provide a useful reference to existing
building stock, and, where appropriate, modifications are included to illustrate
ongoing change.

The content represents the basic elements of construction practice. The book
is neither extensive nor prescriptive, as there is insufficient space in any book to
include every possible means for constructing commercial and industrial buildings.
However, the content is generally representative, and the reader is encouraged
to develop their knowledge through experiential learning, observation in the
workplace, and reading manufacturer’s literature and technical articles in
professional journals. Reference sources for supplementary reading are provided
throughout.

In conjunction with this edition’s companion volume, Construction Technology,
the reader should gain an appreciation of the subject material to support progression
through any technical, academic or professional qualification study programme that
includes construction as core or supplementary modules.

Roger Greeno

Guildford 2006
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INTRODUCTION

Advanced Construction Technology is a development of the relatively elementary
construction detailed in the associated volume, Construction Technology. This
volume augments the associated volume with further topics relating to domestic
buildings and lightweight-framed structures, in addition to concentrating primarily
on complex and specialised forms of construction.

It is designed to supplement a student’s lecture notes, projects and research
assignments as well as to provide a valuable professional reference. It also
complements the associated subjects of science, mathematics, materials technology,
design procedures, structural analysis, structural design, services, quantity
surveying, facilities management and management studies, and is therefore
appropriate for most undergraduate and higher-level construction study
programmes.

The format adopted follows that of Construction Technology, providing concise
notes and generous illustrations to elaborate on the text content. The reader should
appreciate that the illustrations are used to emphasise a point of theory and must
not be accepted as the only solution. A study of working drawings and details
from building appraisals given in the various construction journals will add to
background knowledge and comprehension of construction technology.

No textbook or work of reference is ever complete. Therefore readers are
recommended to seek out all sources of reference on any particular topic of study,
to maximise information and to gain a thorough comprehension of the subject.
Construction technology is not purely academic; lectures and textbooks can only
provide the necessary theoretical background to the building processes of design
and site application. Practical experience and monitoring of work in progress are
essential components of any study programme involving the subject of construction
technology.












SITE LAYOUT

The construction of a building can be considered as production with a temporary
factory, the building site being the ‘factory’ in which the building contractor

will make the product. To enable this activity to take place the builder requires
operatives, materials and plant, all of which have to be carefully controlled so
that the operatives have the right machines in the most advantageous position,
the materials stored so that they are readily available and not interfering with

the general site circulation, and adequate storage space and site accommodation.

There is no standard size ratio between the free site space required to construct
a building and the total size of the site on which the building is to be erected:
therefore each site must be considered as a separate problem in terms of allocating
space for operatives, materials and plant. To obtain maximum efficiency there is
an optimum way of laying out the site and also a correct amount of expenditure
to support the proposed site layout. Any planned layout should be reviewed
periodically and adjusted to suit the changing needs of the site activities. If this
aspect of building construction is carefully considered, planned and controlled,
it will be reflected in the progress and profitability of the contract.

Before any initial planning of the site layout can take place certain preliminary
work must be carried out, preferably at the pre-tender stage. The decision to tender
will usually be taken by the managing director or, for small works, by the senior
estimator up to a contract value laid down by the managing director. With given
designs and specifications the best opportunity for the contractor to prepare a
competitive and economic tender is in the programming and planning of the
construction activities. A thorough study of the bill of quantities will give an
indication of the amount and quality of the materials required and also of the
various labour resources needed to carry out the contract. A similar study of the
drawings, together with the bill of quantities and the specification, will enable the
builder to make a preliminary assessment of the size and complexity of the contract,
the plant required, and the amount of money that can reasonably be expended on
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labour-saving items such as concrete mixing and placing alternatives, handling and
transporting equipment and off-site fabrication of such items as formwork and
reinforcement.

Before the estimator can make a start on calculating unit rates a site investigation
should be carried out, preferably by the site manager, who will supervise the
contract should the tender be successful. The manager’s report should include
the following information:

B Access to site  On- and off-site access, road and rail facilities, distances
involved, rights of way restrictions, local authority or police restrictions and
bridge weight or height limitations on approach routes.

m Services Available power and water supplies, together with rates of payment,
nuisance or value of services already on site, diversions required, and the time
element involved in carrying out any necessary diversions together with cost
implications.

m Layout General site conditions such as nature of soil, height of water table,
flooding risks, tidal waters, neighbouring properties, preservation orders, trees,
demolition problems and special insurance considerations.

m Staff Travel distances, availability of local trade contractors, specialist
contractors, local rates of pay and facilities to be provided, e.g. site
accommodation, catering, health and safety equipment.

m Security Local vandalism and pilfering record, security contractors’ facilities,
need for night security, fencing and hoarding requirements.

With the knowledge and data gained from contract documents, site
investigations, and any information gained from the police and local authority
sources the following pre-tender work can now be carried out:

m Pre-tender programme Usually in a barchart form showing the proposed
time allowances for the major activities.

m Pre-tender health and safety plan This is prepared by the project
coordinator (usually the architect) to enable tendering contractors to consider
the practical and cost implications and adequacy of their resources with regard
to assessment of risk in safety issues and provision of welfare requirements.

m Cost implications Several programmes for comparison should be made to
establish possible break-even points giving an indication of required bank loan,
possible cash inflow and anticipated profit.

m Plant schedule This can be prepared in the form of a barchart and method
statements showing requirements and utilisation, which will help in deciding
how much site maintenance, equipment and space for plant accommodation
will be needed on site. Consideration of whether to purchase or hire plant
can be ascertained from these data, although this is only likely to affect smaller
items such as specialised tools, as few builders could justify owning large items
of plant. However, a balance of buying and hiring will have to be established at
this stage.

m Materials schedule Basic data can be obtained from the bill of quantities.
The buyer’s knowledge of the prevailing market conditions and future trends
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will enable usage and delivery periods and the amount of site space and/or
accommodation required to be predicted.

m Labour summary Basic data obtained from the bill of quantities, site
investigation report and pre-tender barchart programme to establish number
of subcontract trades required. Also the quantity and type of site personnel
accommodation required.

m Site organisation structure This is a ‘family tree’ chart showing the
relationships and interrelationships between the various members of the
site team, and is normally required only on large sites where the areas of
responsibility and accountability must be clearly defined.

m Site layout Site space allocation for materials storage, working areas, units of
accommodation, plant positions and general circulation areas. Access and egress
for deliveries and emergency services.

m Protection Protection of adjacent buildings, structures (including trees) with
preservation orders and provision of fencing/hoarding to prevent trespass and to
protect people in the vicinity. Check adequacy of insurances.

B PLANNING SITE LAYOUTS

When planning site layouts the following must be taken into account:

site activities;

efficiency;

movement;

control;

facilities for health, safety and welfare provision;
accommodation for staff and storage of materials.

SITE ACTIVITIES

The time needed for carrying out the principal activities can be estimated from the
data obtained previously for preparing the material and labour requirements. With
repetitive activities estimates will be required to determine the most economical
balance of units that will allow simultaneous construction processes; this in turn
will help to establish staff numbers, work areas and material storage requirements.
A similar argument can be presented for overlapping activities. If a particular
process presents a choice in the way the result can be achieved the alternatives
must be considered: for example, the rate of placing concrete will be determined by
the output of the mixer and the speed of transporting the mix to the appropriate
position. Alternatives that can be considered are:

B more than one mixer;
m regulated supply of ready-mixed concrete;
m on large contracts, pumping the concrete to the placing position.

All alternative methods for any activity will give different requirements for staff
numbers, material storage, access facilities and possibly plant types and numbers.
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EFFICIENCY

To achieve maximum efficiency the site layout must aim at maintaining the desired
output of the planned activities throughout the working day, and this will depend
largely upon the following factors:

m Avoidance, as far as practicable, of double handling of materials.

m Proper storekeeping arrangements to ensure that the materials are of the correct
type, in the correct quantity, and available when required.

m Walking distances kept to a minimum to reduce the non-productive time spent
in covering the distances between working, rest and storage areas without
interrupting the general circulation pattern.

m Avoidance of loss by the elements by providing adequate protection for unfixed
materials on site, thereby preventing time loss and cost of replacing damaged
materials.

m Avoidance of loss by theft and vandalism by providing security arrangements in
keeping with the value of the materials being protected and by making the task
difficult for the would-be thief or vandal by having adequate hoardings and
fences. Also to be avoided is the loss of materials due to pilfering by site staff,
who may consider this to be a perquisite of the industry. Such losses can be
reduced by having an adequate system of stores’ requisition and material
checking procedures. Engaging specialist subcontractors on a ‘supply and fit’
basis may reduce the main contractor’s concern.

m Minimising on-site traffic congestion by planning delivery arrivals, having
adequate parking facilities for site staff cars and mobile machinery when not in
use, and by having sufficient turning circle room for the types of delivery vehicle
likely to enter the site.

MOVEMENT

Apart from the circulation problems mentioned above, the biggest problem is one
of access. Vehicles delivering materials to the site should be able to do so without
difficulty or delay. Many of the contractors’ vehicles will be lightweight and will
therefore present few or no problems, but the weight and length of suppliers’
vehicles should be taken into account. For example, a fully laden ready-mix
concrete lorry can weigh 20 tonnes, and lorries used for delivering structural steel
can be 18.000 metres long, weigh up to 40 tonnes and require a large turning circle.
If it is anticipated that heavy vehicles will be operating on site it will be necessary
to consider the road surface required. If the roads and paved areas are part of the
contract and will have adequate strength for the weight of the anticipated vehicles
it may be advantageous to lay the roads at a very early stage in the contract, but if
the specification for the roads is for light traffic it would be advisable to lay only the
base hoggin or hardcore layer at the initial stages because of the risk of damage to
the completed roads by the heavy vehicles. As an alternative it may be considered

a better policy to provide only temporary roadways composed of railway sleepers,
metal tracks or mats until a later stage in the contract, especially if such roads will
only be required for a short period. See also the Construction (Health, Safety and
Welfare) Regulations 15 to 17.
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CONTROL

This is concerned mainly with the overall supervision of the contract, including
staff, materials, and the movement of both around the site. This control should
form the hub of the activities, which logically develops into areas or zones of
control radiating from this hub or centre. Which zone is selected for storage,
accommodation or specific activities is a matter of conjecture and the conditions
prevailing on a particular site, but as a rule the final layout will be one of
compromise, with storage and accommodation areas generally receiving priority.

FACILITIES

These must be planned for each individual site, but certain factors will be common
to all sites — not least the implications of the Construction (Health, Safety and
Welfare) Regulations 1996, the Work at Height Regulations 2005 and the Health
and Safety at Work etc. Act 1974. The main contractor is obliged to provide a safe,
healthy place of work, and safe systems of work, plant and equipment that are not a
risk to health. Equipment for the conduct of work must be provided with adequate
information for its safe use and, where appropriate, training in its application. Both
regulations are wide ranging and set goals or objectives relating to risk assessment to
ensure reasonably practicable steps are taken to ensure safety provision. Prescriptive
requirements for such provisions as scaffold guard rail heights and platform widths
are scheduled in the Work at Height Regulations.

The principal considerations under the Construction (Health, Safety and
Welfare) Regulations can be summarised as follows:

m Regulation 5: Safe places of work. This requires that people are provided with
properly maintained safe surroundings in which to work, along with safe means
of accessing and leaving that place of work. It is an overall requirement for
reasonable precautions to be taken, with the perceived and varying risk associated
with every place of work. Sufficient and suitable working space should be
provided with regard to the activity being undertaken.

m Regulation 7: Precautions against falling through fragile material. This applies
mainly to work at heights in excess of 2 m, although potential for falls from any
height must be assessed. Requirements for sufficient and adequate means of
guarding persons from fragile material must be in place, with a prominence of
warning notices displayed in the vicinity (see also Work at Height Regulations).

m Regulation 8: Falling objects. This requires sufficient and suitable means for
preventing injury to persons from falling objects. Provisions may include guard
rails, toe boards and protective sheeting to scaffold systems. No material to be
tipped or thrown from height (see rubble chutes, Chapter 5.2). Material to be
stored or stacked in a stable manner to prevent collapse or unintentional
movement.

m Regulations 9 to 11: Work on structures. A large amount of work associated with
the construction of buildings is essentially temporary. Therefore potential for
structural collapse, e.g. inadequately supported formwork, is very real and must
be recognised and assessed by a competent person. The necessary precautions
must be taken to prevent danger. Demolition and dismantling are also high-risk
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areas, justifying thorough planning and risk analysis before and as work
proceeds.

m Regulations 12 and 13: Excavation, cofferdams and caissons. Substructural work
has an inherent danger of collapse. Suitable provision to prevent collapse of
trenches etc. must be designed and installed by competent specialists. Awareness
of water-table levels and possible variations, e.g. seasonal and tidal, is essential,
as is location of underground cables and other services that could be a danger.

m Regulation 14: Prevention of drowning. This is not applicable to all sites,
but if there is a danger from water or other liquids in any quantity then every
practical means possible must be taken to prevent people falling into it. Personal
protective and rescue equipment must be available, maintained in good order,
and water transport must be provided under the control of a competent person.

m Regulations 15 to 17: Traffic routes, vehicles, doors and gates. These make
provision for segregation of vehicles and pedestrians, with definition of routes.
The regulations require adequate construction and maintenance of temporary
traffic routes, control of unintended traffic movement, warnings (audible or
otherwise) of vehicle movements, prohibition of misuse of vehicles, and
safeguards for people using powered doors and guards such as that on
hoist facilities.

m Regulations 18 to 21: Prevention and control of emergencies. These make
provision for emergency routes, means of escape, evacuation procedures,
adequate signing, firefighting equipment, emergency lighting and associated
training for dealing with emergencies.

m Regulation 22: Welfare facilities. Minimum requirements apply even to the
smallest of sites. These include an adequate supply of drinking water, sanitary
and washing facilities, means to heat food and boil water, adequate outdoor
protection including personal protective equipment (PPE), rest accommodation
and facilities to eat meals, first-aid equipment under the control of an appointed
person, and accommodation to change and store clothing.

m Regulations 23 to 27: Site-wide issues. General requirements to ensure fresh air
availability at each workplace, reasonable temperatures maintained at internal
workplaces, protection against inclement weather, adequate levels of lighting
(including emergency lights), reasonably clean and tidy workplaces, well-defined
site boundaries, and maintenance of site equipment and plant for safe use by
operatives.

m Regulations 28 to 30: Training, inspection and reports. Specialised elements
of work to be undertaken only by those appropriately qualified and/or trained.
Supervision of others by those suitably qualified may be acceptable. Places of
obvious danger and risk, such as excavations, cofferdams and caissons, to be
inspected regularly (at least daily and when changes are effected) by a competent
person. Written records/reports to be filed after every inspection.

The principal considerations under the Work at Height Regulations apply to any
place at or below ground level as well as above ground. They also include the means
of gaining access and egress from that place of work. Measures taken by these
regulations are designed to protect a person from injury caused by falling any
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distance. This may be from plant and machinery or from equipment such as
scaffolding, trestles and working platforms, mobile or static. In summary:

Regulation 4: Organisation and planning. It is the employer’s responsibility
to ensure that work at height is planned, supervised and conducted in a safe
manner. This includes provisions for emergencies and rescues, and regard for
assessing risk to persons working during inclement weather.

Regulation 5: Competence. Employer’s responsibility to ensure that persons
engaged in any activity relating to work at height are competent. Any person
being trained to be supervised by a competent person.

Regulation 6: Risk avoidance. Re risk assessment under Regulation 3 of the
Management of Health and Safety at Work Regulations. This is concerned
primarily with appraisal of the work task relative to its situation: that is, work
should not be undertaken at a height if it is safer to do it at a lower level, e.g.
cutting materials. Provisions to be in place for preventing persons sustaining

injury from falling.

Regulation 7: Work at height equipment. Further requirements for assessment of
risk relative to the selection of plant and equipment suitable for collective rather
than individual use.

Regulation 8: Specific work equipment.

Scaffold and working platforms:

Top guard rail, min. 950 mm high.

Intermediate guard rail, positioned so that no gap between it and top rail or
toe board exceeds 470 mm.

Toe board, sufficient to prevent persons or materials falling from the working
platform. Generally taken as 150 mm min. height. For practical purposes a
225 mm wide scaffold board secured vertically.

Stable and sufficiently rigid for the intended purpose.

Dimensions adequate for a person to pass along the working platform,
unimpeded by plant or materials.

No gaps in the working platform.

Platform surface resistant to slipping or tripping.

Platform designed to resist anticipated loading from personnel, plant and
materials.

Scaffold frame of sufficient strength and stability.

If the scaffold is unconventional in any way, calculations are required to prove
its structural integrity.

Assembly, use and dismantling plan and instructions to be produced by a
competent designer. A standard procedure/plan is acceptable for regular
applications.

During assembly, alteration, dismantling or non-use, suitable warning signs
to be displayed as determined by the Health and Safety (Safety Signs and
Signals) Regulations. Means to prevent physical access also required.
Assembly, alteration and dismantling under the supervision of a competent
person qualified by an approved training scheme.

Nets, airbags or other safeguards for arresting falls:
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Used where it is considered not reasonably practical to use other safer work
equipment without it. A safeguard and its means for anchoring must be of
adequate strength to arrest and contain persons without injury, where they are
liable to fall. Persons suitably trained in the use of this equipment, including
rescue procedures, must be available throughout its deployment. Where personal
fall protection equipment is considered necessary, it should be correctly fitted to
the user, adequately anchored, and designed to prevent unplanned use by the
user’s normal movements.

Ladders:

m Used solely where a risk assessment indicates that it is inappropriate and
unnecessary to install more substantial equipment. Generally, this applies to
work of a short duration.

m The upper place of support is to be firm, stable and strong enough to retain
the ladder without movement. Position to be secured by rope lashing or other
mechanical fixing.

m Inclination is recommended at approximately 75° to the vertical, i.e. in the
vertical to horizontal ratio of 4:1.

m A suspended ladder to be secured and attached to prevent displacement and
swinging.

m The extension of a ladder beyond a place of landing should be sufficient for
safe bodily transfer — normally taken as 1.050 m min. measured vertically.

m Where a ladder ascends 9.000 m or more vertically, landing points to be
provided as rest platforms.

m Regulation 9: Fragile surfaces. It is the employer’s responsibility to ensure that
no person works on or near a fragile surface. Where it is impossible to avoid,
then sufficient protection, e.g. platforms, guard rails etc., are to be provided.
Location of fragile surfaces is to be indicated by positioning of prominent
warning signs.

m Regulation 10: Falling objects. See also Regulation 8 under the Construction
(Health, Safety and Welfare) Regulations. Suitable provisions, e.g. fan hoardings,
are required to prevent persons suffering injury from falling objects or materials.
Facilities are to be provided for safe collection and transfer of materials between
high and low levels, e.g. chutes. No objects to be thrown. Materials to be stacked
with regard to their stability and potential for movement.

m Regulation 11: Dangerous areas. Areas of work of specific danger, e.g.
demolition, to be isolated to ensure that persons not engaged in that particular
activity are excluded. Warning signs to be displayed.

m Regulations 12 and 13: Inspection. These regulations specifically apply to
scaffolding, ladders and fall protection equipment. After installation or assembly,
no equipment may be used until it has been inspected and documented as safe to
use by a competent person. Further inspections are required where conditions
may have caused deterioration of equipment, or alterations or changes have been
made. Following an interval, every place of work at height should be inspected
before work recommences.

m Regulation 14: Personnel duties. Persons working at height should notify their
supervisor of any equipment defect. If required to use personal safety/protective
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equipment (PPE), individuals should be adequately trained and instructed in
its use.

Under the Health and Safety at Work etc. Act employers must have defined duties,
which include providing:

a safe place of work;

safe access to and egress from places of work;

safe systems of work;

safe items of plant and equipment;

suitable and adequate training, supervision and instruction in the use of
equipment;

m suitable and appropriate PPE applicable to head, hands, feet, eyes and mouth,;
® materials and substances that are safe to use (COSHH Regulations 1999);

m a statement of health and safety policy.

Employees and the self-employed have duties to ensure that they do not endanger
others while at work. This includes members of the public and other operatives on
site. They must cooperate with the health and safety objectives of their employer
(the main contractor), not interfere with any plant or equipment provided for their
use, other than its intended use, and report any defects to equipment and dangers
relating to unsafe conditions of work.

The preceding section on provision of facilities under the Construction Regulations,
the Work at Height Regulations and the Health and Safety at

Work etc. Act is intended as summary comment for guidance only. For a full
appreciation, the reader is advised to consult each specific document. These are
published by The Stationery Office, www.tso.co.uk.

ACCOMMODATION

Apart from legislative necessities, the main areas of concern will be sizing,
equipping and siting the various units of accommodation.

Mess huts

These are for the purposes of preparing, heating and consuming food, which may
require the following services: drainage, light, power, hot and cold water supply.
To provide a reasonable degree of comfort a floor area of 2.0 to 2.5 m* per person
should be allowed. This will provide sufficient circulation space, room for tables
and seating, and space for the storage of any utensils. Consideration can also be
given to introducing a system of staggered meal breaks, thus reducing space
requirements. On large sites where full canteen facilities are being provided this
will be subcontracted to a catering firm. Mess huts should be sited so that they do
not interfere with the development of the site but are positioned so that travel time
is kept to a minimum. On sites that by their very nature are large, it is worthwhile
considering a system whereby tea breaks can be taken in the vicinity of the work
areas. Siting mess huts next to the main site circulation and access roads is not of
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major importance. It is the principal contractor’s responsibility to ensure that
reasonable welfare facilities are available on site, although they do not necessarily
have to provide these. It may be part of subcontractors’ conditions of engagement
that they provide their own.

Drying rooms

Used for the purposes of depositing and drying wet clothes. Drying rooms generally
require a lighting and power supply, and lockers or racks for deposited clothes. A
floor area of 0.6 m’® per person should provide sufficient space for equipment and
circulation. Drying rooms should be sited near or adjacent to the mess room.

Toilets

Contractors are required to provide at least adequate washing and sanitary facilities
as set out in Regulation 22 of the Construction (Health, Safety and Welfare)
Regulations. All these facilities will require light, water and drainage services.

If it is not possible or practicable to make a permanent or temporary connection

to a drainage system, the use of chemical methods of disposal should be considered.
Sizing of toilet units is governed by the facilities being provided, and if female staff
are employed on site separate toilet facilities must be provided. Toilets should be
located in a position that is convenient to both offices and mess rooms, which may
mean providing more than one location on large sites.

Firstaid rooms

Only required on large sites as a specific facility, otherwise a reasonably equipped
mess room will suffice. The first-aid room should be sited in a position that is
conveniently accessible from the working areas, and must be of such a size as to
allow for the necessary equipment and adequate circulation, which would indicate
a minimum floor area of 6 m*. First-aid equipment must be under the charge of a
suitably trained, appointed person, with responsibility for accounting for the
contents and their use.

Before the proposed site layout is planned and drawn, the contracts manager and
the proposed site agent should visit the site to familiarise themselves with the
prevailing conditions. During this visit the position and condition of any existing
roads should be noted, and the siting of any temporary roads considered necessary
should be planned. Information regarding the soil conditions, height of water table,
and local weather patterns should be obtained by observation, site investigation, soil
investigation, local knowledge or from the local authority. The amount of money
that can be expended on this exercise will depend upon the size of the proposed
contract and possibly upon how competitive the tenders are likely to be for the
contract under consideration.

Figure 1.1.1 shows a typical small-scale general arrangement drawing, and needs
to be read in conjunction with Fig. 1.1.2, which shows the proposed site layout.
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The following data have been collected from a study of the contract documents and
by carrying out a site investigation:

m Site is in a typical urban district within easy reach of the contractor’s head office
and therefore will present no transport or staffing problems.

m Subsoil is a firm sandy clay with a water table at a depth that should give no
constructional problems.

m Possession of site is to be at the end of April, and the contract period is
18 months. The work can be programmed to enable the foundation and
substructure work to be completed before adverse winter weather conditions
prevail.

m Development consists of a single five-storey office block with an in-situ
reinforced concrete structural frame, in-situ reinforced concrete floors and
roof, precast concrete stairs, and infill brick panels to the structural frame with
large hardwood timber frames fixed into openings formed by the bricklayers.
Reduced-level dig is not excessive, but the topsoil is to be retained for
landscaping upon completion of the building contract by a separate contractor;
the paved area in front of the office block, however, forms part of the main
contract. The existing oak trees in the north-east corner of the site are to be
retained and are to be protected during the contract period.

m Estimated maximum number of staff on site at any one time is 40, in the ratio of
1 supervisory staff to 10 operatives plus a resident clerk of works.

® Main site requirements are as follows:

1 office for 3 supervisory staff.

1 office for resident clerk of works.

1 office for reception and materials checker/assistant site agent.
1 hutment as lock-up store.

1 mess room for 36 operatives.

1 drying room for 36 operatives.

Toilets.

Storage compound for major materials.

Timber store and formwork fabrication area.

Reinforcement store and fabrication area.

Scaffold store.

Car parking areas.

1 tower crane and area for concrete deliveries, sand and cement storage, and
site mixer.

Sizing and location of main site requirements can be considered in the following
manner:

m Offices for contractor’s supervisory staff Area required =3 x 3.7 m*=
11.1 m® Using plastic-coated galvanised steel prefabricated cabins based on
a 2.400 m wide module gives a length requirement of 11.1 + 2.4 =4.625 m:
therefore use a hutment 2.400 m wide x 4.800 m long, giving an area of 11.52 m%.
Other standard internal widths are 2.7 and 3.0 m, and standard internal lengths
range from 2.4 to 10.8 m in 1.2 m increments.
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m Office for resident clerk of works Allowing for one visitor area
required = 2 X 3.7 m* = 7.4 m’. Using same width module as for contractor’s
office length required = 7.4 + 2.4 = 3.08 m, therefore using a 2.400 m wide X
3.600 m long cabin will give an area of 8.64 m*. The contractor’s office and that
for the clerk of works need to be sited in a position that is easily and quickly
found by visitors to the site and yet at the same time will give a good view of
the site operations. T'wo positions on the site in question seem to meet these
requirements: one is immediately to the south of the paved area and the other
is immediately to the west of it. The second position has been chosen for both
offices because there is also room to accommodate visitors’ cars in front of the
offices without disturbing the circulation space given by the paved area.

m Office for reception and materials checker A hut based on the
requirements set out above for the clerk of works would be satisfactory. The
office needs to be positioned near to the site entrance so that materials being
delivered can be checked, directed to the correct unloading point, and — most
important — checked before leaving to see that the delivery has been completed.
It also needs to be easily accessible for site visitors, thus preventing unsupervised
wandering onto the site.

m Lock-up store This needs to be fitted with racks and storage bins to
house valuable items, and a small unit of plan size 2.400 m X 2.400 m has been
allocated. Consideration must be given to security, and in this context it has been
decided to combine the lock-up store and the site manager’s/materials checker’s
office, giving a total floor plan of 2.400 m x 6.000 m. This will enable the issue
of stores only against an authorised and signed requisition to be carefully
controlled, the assistant site agent fulfilling the function of storekeeper.

m Mess room Area required = 36 X 2.5 m* = 90 m%, using a width module of
3.000 m, length required = 90 + 3 = 30 m: therefore a number of combinations
based on the standard lengths listed are possible. Perhaps 3 modules of
10.8 m = 32.4 m total length (97.2 m?) or 5 modules of 6 m length = 30 m
total length (90 m?), the choice depending to some extent on the disposition of
the site staff, number and size of subcontractors involved. The mess room needs
to be sited in a fairly central position to all the areas of activity, and the east end
of the paved area has been selected.

m Drying room Area required = 36 X 0.6 m* = 21.6 m?, using a width module
of 3.000 m, length required = 21.6 + 3 = 7.2 m: therefore select a single length or
2 modules of 3.600 m. The drying room needs to be in close proximity to the
mess room and has therefore been placed at the east end of the mess room.
Consideration could be given to combining the mess room and drying room
into one unit.

m Toilets On this site it is assumed that connection can be made to existing
drains. If this is not convenient, temporary (or preferably permanent) drain
branches can be connected to a main sewer. T'wo such units are considered to
be adequate, one to be sited near to the mess room and the other to be sited
near to the office complex. Adequate sanitary conveniences are required in the
Construction (Health, Safety and Welfare) Regulations 1996. For the mess toilet
unit catering for 36 operatives two conveniences are considered minimum, but a
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three-convenience toilet unit will be used, having a plan size of 2.400 m x 3.600 m.
Similarly, although only one convenience is required for the office toilet unit, a
two-convenience unit will be used with a plan size of 2.400 m x 2.400 m.
Materials storage compound An area to be defined by a temporary plywood
hoarding 2.400 m high and sited at the east end of the paved area giving good
access for deliveries and within reach of the crane. Plan size to be allocated
12.000 m wide x 30.000 m long.

Timber storage Timber is to be stored in top-covered but open-sided racks
made from framed standard scaffold tubulars. Maximum length of timber to be
ordered is unlikely to exceed 6.000 m in length: therefore, allowing for removal,
cutting and fabricating into formwork units, a total plan size of 6.000 m wide X
36.000 m long has been allocated. This area has been sited to the south of the
paved area, giving good access for delivery and within the reach of the crane.
Reinforcement storage The bars are to be delivered cut to length, bent

and labelled, and will be stored in racks as described above for timber storage.
Maximum bar length to be ordered assumed not to exceed 12.000 m: therefore
a storage and fabrication plan size of 6.000 m wide X 30.000 m long has been
allocated. This area has been sited to the north of the storage compound, giving
reasonable delivery access and within reach of the crane.

Scaffold storage Tube lengths to be stored in racks as described for timber
storage, with bins provided for the various types of coupler. Assuming a
maximum tube length of 6.000 m, a plan size of 3.000 m wide X 12.000 m long.
This storage area has been positioned alongside the west face of the proposed
structure, giving reasonable delivery access and within reach of the crane if
needed. The scaffold to be erected will be of an independent type around the
entire perimeter positioned 200 mm clear of the building face and of five-board
width, giving a total minimum width of 200 + (5 x 225) = 1.325, say 1.400 m
total width.

Tower crane To be sited on the paved area in front of the proposed building
alongside the mixer and aggregate storage position. A crane with a jib length of
27.000 m, having a lifting capacity of 1.25 tonnes at its extreme position, has
been chosen so that the crane’s maximum radius will cover all the storage areas,
thus making maximum utilisation of the crane possible.

Car parking Assume 20 car parking spaces are required for operatives,
needing a space per car of 2.300 m wide X 5.500 m long, giving a total length of
2.3 x 20 =46.000 m and, allowing 6.000 m clearance for manoeuvring, a width of
5.54 6.0 =11.500 m will be required. This area can be provided to the south of
the mess room and drying room complex. Staff car-parking space can be sited in
front of the office hutments, giving space for the parking of seven cars, which
will require a total width of 7 X 2.3 =16.100 m.

Fencing The north and south sides of the site both face onto public footpaths
and highways. Therefore a close-boarded or sheet hoarding in accordance with
the licence issued by the local authority will be provided. A lockable double gate
is to be included in the south-side hoarding to give access to the site. The east
side of the site faces an undeveloped site, and the contract calls for a 2.000 m
high concrete post and chain-link fence to this boundary. This fence will be



20 Advanced Construction Technology

erected at an early stage in the contract to act as a security fence during the
construction period as well as providing the permanent fencing. The west side
of the site has a 2.000 m high brick wall, which is in a good structural condition,
and therefore no action is needed on this boundary.

Services It has been decided that permanent connections to the foul drains
will be made for convenient site use, thus necessitating early planning of the
drain-laying activities. The permanent water supply to the proposed office block
is to be laid at an early stage, and this run is to be tapped to provide the supplies
required to the mixer position and the office complex. A temporary connection
is to be made to supply the water service to the mess room complex, because

a temporary supply from the permanent service would mean running the
temporary supply for an unacceptable distance. An electrical supply is to be
taken onto site, with a supply incoming unit housed in the reception office along
with the main distribution unit. The subject of electrical supplies to building
sites is dealt with in Chapter 1.2. Telephones will be required to the contractor’s
and clerk of works’ offices. It has been decided that a gas supply is not required.
Site identification A V-shaped board bearing the contractor’s name and
company symbol is to be erected in the south-west corner of the site in such a
manner that it can be clearly seen above the hoarding by traffic travelling in both
directions, enabling the site to be clearly identified. The board will also advertise
the company’s name and possibly provide some revenue by including on it the
names of participating subcontractors. As a further public relations exercise it
might be worthwhile considering the possibility of including public viewing
panels in the hoarding on the north and south sides of the site.

Health and safety Attached to the hoarding at the site entrance is a board
displaying the employer’s policy for corporate site safety. Some examples of the
standard images that could be used are shown in Fig. 1.1.3.

All drivers

and visitors
must report
to site office

Hard hats
must be worn
Warning
Building sites First aid is
are hazardous available
Keep out from the
site office

No smoking
in building

Safety boots
must be worn

Figure 1.1.3  Site safety board




Site layout 21

Note:

Sign colours Geometric shape Indication
Red on white background, black image Circular with a diagonal line Prohibition
Yellow with black border, black image Triangular Warning

Blue with white image Circular Mandatory
Green with white image Oblong or square Safe condition
References:

Health and Safety at Work etc. Act.

Health and Safety (Safety Signs and Signals) Regulations.
Management of Health and Safety at Work Regulations.
European Directive 92/58 EEC.

The extent to which the above exercise in planning a site layout would be carried
out in practice will depend upon various factors, such as the time and money that
can reasonably be expended and the benefits that could accrue in terms of maximum
efficiency compared with the amount of the capital outlay. The need for careful

site layout and site organisation planning becomes more relevant as the size and
complexity of the operation increase. This is particularly true for contracts where
spare site space is very limited.
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A supply of electricity is usually required on construction sites to provide lighting
to the various units of accommodation. It may also be needed to provide the power
to drive small and large items of plant. Two sources of electrical supply to the site
are possible:

m portable self-powered generators;
m metered supply from the local section of the national grid distribution
network.

As a supply of electricity will be required in the final structure the second source
is usually adopted, because it is generally possible to connect a permanent supply
cable to the proposed development for construction operations, thus saving the cost
of laying a temporary supply cable to the site.

To obtain a metered temporary supply of electricity a contract must be signed
between the main contractor and a local area electricity marketing company. They
will require the following information:

m Address of site.

m Site location plan.

® Maximum anticipated load demand in kW for the construction period. A
reasonable method of estimating this demand is to allow for a loading of
10 W/m? for the total floor area of the finished structure and to add for any
high-load equipment such as cranes, pumps and drying-out heaters that are
to be used.

m Final load demand of the completed building to ensure that the correct rating of
cable is laid for the permanent supply.

m Date on which temporary supply will be required.

m Name, address and telephone number of the building owner or their agent, and
of the main contractor.
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To ensure that the supply and installation are available when required by the
builder it is essential that an application for a temporary supply of electricity is
made at the earliest possible date.

On any construction site it is possible that there may be existing electricity
cables, which can be advantageous or may constitute a hazard or nuisance.
Overhead cables will be visible, whereas the routes and depths of underground
cables can be ascertained only from the records and maps kept by local area supply
companies. Overhead cable voltages should be checked with the local area suppliers,
because these cables are usually uninsulated and are therefore classed as a hazard
due mainly to their ability to arc over a distance of several metres. High-voltage
cables of over 11 kV rating will need special care, and any of the following actions
could be taken to reduce or eliminate the danger:

m Apply to the local area supplier to have the cables re-routed at a safe distance
or height.

m Apply to have the cable taken out of service.

m Erect warning barriers to keep site operatives and machines at a safe distance.
These barriers must be clearly identified as to their intention, and they may
be required to indicate the safe distance in both the horizontal and vertical
directions. The local area supplier will advise on suitable safe distances according
to the type of cable and the load it is transmitting.

The position and depth of underground cables given by electricity suppliers must
be treated as being only approximate, because historical records show only the data
regarding the condition as laid, and since then changes in site levels may have taken
place. When excavating in the locality of an underground cable extreme caution
must be taken, which may even involve careful hand excavation to expose the cable.
Exposed cables should be adequately supported, and suitable barriers with warning
notices should be erected. Any damage, however minor, must be reported to the
electricity supplier for the necessary remedial action. It is worth noting that if a
contractor damages an underground electric cable that was known to be present,
and possibly caused a loss of supply to surrounding properties, the contractor can
be liable for negligence, trespass to goods and damages.

M SUPPLY AND INSTALLATION

In Great Britain electrical installations on construction sites are subject to the
requirements of the Electricity Supply Regulations 1988 and the Electricity at
Work Regulations 1989. These impose duties and expectations on employers,
employees and the self-employed, for health and safety responsibilities with regard
to the use of electricity. Risk assessment and suitable precautions relating to
particular hazards, such as overhead lines and underground cables encountered
on site, are contained by the Health and Safety at Work etc. Act 1974 and the
Construction (Health, Safety and Welfare) Regulations 1996. Installations should
follow rules given in BS 7671: Requirements for electrical installations (Institution
of Electrical Engineers Wiring Regulations). Section 604 details provision for
temporary installations and installations on construction sites. See also, BS 7375:
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Code of practice for distribution of electricity on construction and building sites. The
supply distribution assemblies used in the installation should comply with the
recommendations of BS 4363: Specification for distribution assemblies for reduced

low voltage electricity supplies for construction and building sites. This covers the
equipment suitable for the control and distribution of electricity from a three-phase
four-wire a.c. system up to a voltage of 400 V with a maximum capacity of 300

A per phase. BS EN 60309-2 specifies plugs, socket outlets and cable couplers for
the varying voltages recommended for use on construction sites.

The appliances and wiring used in temporary installations on construction sites
may be subject to extreme abuse and adverse conditions: therefore correct circuit
protection, earthing and frequent inspection are most important, and this work,
including the initial installation, should be entrusted to a qualified electrician or
to a specialist electrical contractor.

Electrical distribution cables contain three line wires and one neutral, which
can give either a 400 V three-phase supply or a 230 V single-phase supply. Records
of accidents involving electricity show that the highest risk is encountered when
electrical power is used in wet or damp conditions, which are often present on
construction sites. It is therefore generally recommended that wherever possible
the distribution voltage on building sites should be 110 V. This is a compromise
between safety and efficiency, but it cannot be overstressed that a supply of this
voltage can still be dangerous and lethal.

The recommended voltages for use on construction sites are given below:

Mains voltage
400 V three-phase:

m supply to transformer unit, heavy plant such as cranes and movable plant fed via
a trailing cable;
m hoists and plant powered by electric motors in excess of a 3.75 kW rating.

230 V single-phase:

supply to transformer unit;

supply to distribution unit;

installations in site accommodation buildings;
fixed floodlighting;

small static machines.

Reduced voltage
110 V three-phase:

m portable and hand-held tools;
m small mobile plant up to 3.75 kW.

110 V single-phase:

m portable and hand-held tools;
m small items of plant;
m site floodlighting other than fixed floodlighting;
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m portable hand-lamps;
m local lighting up to 2 kW.

50 V single-phase and 25 V single-phase:
m as listed for 110 V single-phase but being used in confined and damp situations.

It is worth considering the use of 50 or 25 V battery-supplied hand-lamps if
damp situations are present on site. All supply cables must be earthed, and in
particular 110 V supplies should be centre-point earthed so that the nominal voltage
to earth is not more than 65 V on a three-phase circuit and not more than 55 V on a
single-phase circuit.

Protection to a circuit can be given by using bridge fuses, cartridge fuses and
circuit breakers. Adequate protection should be given to all main and sub circuits
against any short-circuit current, overload current and earth faults.

Protection through earthing may be attained in two distinct ways:

m Provision of a path of low impedence to ensure over-current device will operate
in a short space of time.

m Insertion in the supply of a circuit-breaker with an operating coil that trips the
breaker when the current due to earth leakage exceeds a predetermined value.

BS 4363 and BS EN 60309-2 recommend that plug and socket outlets are
identified by a colour coding as an additional safety precaution to prevent incorrect
connections being made. The recommended colours are:

25V — violet
50V — white
110V — yellow
230V — blue
400V —red

5007650 V — black

The equipment that can be used to distribute an electrical supply around a
construction site is as follows:

® Incoming site assembly (ISA) Supply, control and distribution of mains
supply on site — accommodates supply company’s equipment and has one
outgoing circuit.

B Main distribution assembly (MDA) Control and distribution of mains
supply for circuits of 400 V three-phase and 230 V single-phase.

B Incoming site distribution assembly (ISDA) A combined ISA and MDA
for use on sites where it is possible to locate these units together.

m Transformer assembly Transforms and distributes electricity at a reduced
voltage: can be for single-phase, three-phase or both phases and is abbreviated
TA/1, TA/3 or TA/1/3 accordingly.

m Socket outlet assembly (SOA) Connection, protection and distribution of
final subcircuits at a voltage lower than the incoming supply.

m Extension outlet assembly (EOA) Similar to outlet assembly except that
outlets are not protected.
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— SOA
L‘ J EOA
I 1
TA/1 or TA/3
110 V outlets of
16, 20, 32 and 110 V outlets of
60 amp 16 and 20 amp 110 V outlets
of 16 amp
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Movable plant at mains voltage
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Figure 1.2.1 Typical distribution sequence of site electricity

EMU
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m Earth monitor unit (EMU) Flexible cables supplying power at mains voltage
from the MDA to movable plant incorporate a separate pilot conductor in
addition to the main earth continuity conductor. A very-low-voltage current
passes along these conductors between the portable plant and the fixed EMU.

A failure of the earth continuity conductor will interrupt the current flow, which
will be detected by the EMU, and this device will automatically isolate the main
circuit.

The cubicles or units must be of robust construction, strong, durable, rain resistant
and rigid to resist any damage that could be caused by transportation, site handling
or impact shocks likely to be encountered on a construction site. All access doors or
panels must have adequate weather seals. Figure 1.2.1 shows a typical supply and
distribution system for a construction site.

The routeing of the supply and distribution cables around the construction site
should be carefully planned. Cables should not be allowed to trail along the ground
unless suitably encased in a tube or conduit, and even this method should be used
only for short periods of time. Overhead cables should be supported by hangers
attached to a straining wire and suitably marked with ‘flags’ or similar visual
warning. Recommended minimum height clearances for overhead cables are:

m 5.200 m in positions inaccessible to vehicles;
m 5.800 m where cable crosses an access road or any part of the site accessible to
vehicles.

Cables that are likely to be in position for a long time, such as the supply to a crane,
should preferably be sited underground at a minimum depth of 500 mm and
protected by tiles, or alternatively housed in clayware or similar pipes.

In the interest of safety, and to enable first-aid treatment to be given in cases of
accident, all contractors using a supply of electricity on a construction site for any
purpose must display, in a prominent position, extracts from the Electricity at Work
Regulations. Pictographic safety signs for caution of the risk of electric shock are
applicable under the Health and Safety (Safety Signs and Signals) Regulations 1996.
Suitable placards giving instructions for emergency first-aid treatment for persons
suffering from electrical shock and/or burns are obtainable from RoSPA, the
St John Ambulance Association, and stockists of custom-made signs.
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Inadequate light accounts for more than 50% of the loss of production on UK
construction sites between the months of November and February. Inadequate
lighting also increases the risks of accidents and lowers the security of the site.
The initial costs of installing a system of artificial lighting for both internal and
external activities can usually be offset by higher output, better-quality work, a
more secure site, and apportioning the costs over a number of contracts on a use
and reuse basis.

The reasons for installing a system of artificial lighting on a construction site are
as follows:

® Inclement weather, particularly in winter, when a reduction of natural daylight is
such that the carrying out of work becomes impracticable.

m Without adequate light, all activities on construction sites carry an increased risk
of accident and injury.

m By enabling work to proceed, losses in productivity can be reduced.

B Reduces the wastage of labour and materials that often results from working in
poor light.

® Avoids short-time working due to the inability to see clearly enough for accurate
and safe working.

® Improves the general security of the site.

The following benefits may be obtained by installing and using a system of
artificial lighting on a construction site:

m Site activities will be independent of the availability of natural daylight, and
therefore the activities can be arranged to suit the needs of the contract, the
availability of materials, and the personnel involved.

m Overtime and extra shifts can be worked to overcome delays that might occur
from any cause.
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m Deliveries and collection of materials or plant can be made outside normal site
working hours, thus helping to avoid delays and/or congestion.

m The amount of spoilt material and the consequent rectification caused by
working under inadequate light can be reduced.

m It provides an effective deterrent to the would-be trespasser or pilferer.

m Contractual relationships will be improved by ensuring regular working hours
and thus regular earnings.

Planning the lighting requirements depends on site layout, size of site, shape
of site, geographical location, availability of an electrical supply and the planned
activities for the winter period. Figure 1.3.1 shows two charts covering various
regions in the UK, giving an indication of the periods when external and internal
artificial lighting may be required on a construction site under normal conditions.
Any form of temporary artificial site lighting should be easy to install and modify
as needs change, and should be easy to remove while works are still in progress.

The supply and distribution of an electrical service to a construction site has
already been covered in the previous chapter, and it is therefore necessary only to
stress again the need for a safe, reliable installation, designed and installed by a
specialist contractor.

M ILLUMINATION

Illumination can be considered as the measure of light or illuminance falling on

a surface. It is expressed in lux, which is one lumen of light falling on 1 m* of
surface, and this can be measured with a small portable lightmeter, which consists
of a light-sensitive cell generating a small current proportional to the light falling
on it. The level of illuminance at which an operative can work in safety and carry
out tasks to an acceptable standard, in terms of both speed and quality, is quite low,
because the human eye is very adaptable and efficient. Although the amount of
illuminance required to enable a particular activity to be carried out is a subjective
measure, depending largely upon the task, and the age and state of health of the

Table 1.3.1 Typical service values of illuminance

Activities Illuminance (lux)
External lighting
Materials handling 200
Open circulation areas 100
Internal lighting
Circulation 100
Working areas 200
Reinforcing and concreting 300
Joinery, bricklaying and plastering 500
Painting and decorating 500
Fine craft work 1,000
Site offices 500

Drawing board positions 750
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operative concerned, Table 1.3.1 presents typical service values of illuminance.
The values shown in the table do not allow for deterioration, dirt, bad conditions or
shadow effects. Therefore in calculating the illuminance required for any particular
situation a target value of twice the service value should be used.

When deciding on the type of installation to be used, two factors need to be
considered:

m type of lamp to be used;
m nature and type of area under consideration.

The properties of the various types of lamp available should be examined to
establish the most appropriate for any particular site requirement.

B LAMPS

m Tungsten filament lamp Ideal for short periods, such as a total of 200 hours
during the winter period; main recommended uses are for general interior
lighting and low-level external movement. They are cheap to buy but are
relatively expensive to run.

m Tungsten halogen lamp Compact fitting with high light output, and suitable
for all general area floodlighting. They are easy to mount, and have a more
effective focused beam than the filament lamp. These lamps generally have
a life of twice that of filament lamps, and quartz lamps have a higher degree
of resistance to thermal shock than glass filament lamps. They are dearer than
filament lamps and are still relatively expensive to run but should be considered
if the running time is in the region of 1,500 hours annually.

m Mercury tungsten lamps Compact, efficient, with a good lamp life, and do
not need the expensive starting gear of the vapour discharge lamps. They can be
used for internal and external area lighting where lamps are not mounted above
9.000 m high. These are high-cost lamps but are cheap to run.

m Mercury discharge lamps High-efficiency lamps with a long life; can be
used for area lighting where lamps are mounted above 9.000 m high. Costs for
lamps and control gear are high but the running costs are low.

m Tubular fluorescent lamps Uniformly bright in all directions; used when a
great concentration of light is not required; efficient, with a range of colour
values. These lamps have a long life and are economical to run.

m High-pressure sodium discharge lamps Compact, efficient, with a long
life. For the best coverage without glare they should be mounted above 13.500 m
high. Cost for lamp and control gear is high but running costs are low, which
makes them suitable for area lighting.

Apart from the cost of the lamps and the running charges, consideration must
be given to the cost of cables, controlling equipment, mounting poles, masts

or towers. A single high tower may well give an overall saving against using a
number of individual poles or masts in spite of the high initial cost for the tower.
Consideration can also be given to using the scaffold, incomplete structure or the
mast of a tower crane for lamp-mounting purposes, each subject to earthing.
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M SITE LIGHTING INSTALLATIONS

When deciding upon the type and installation layout for construction site lighting,
consideration must be given to the nature of the area and work to be lit, and also to
the type or types of lamp to be used. These aspects can be considered under the
following headings:

m external and large circulation areas;
m beam floodlighting;

m walkway lighting;

m local lighting.

EXTERNAL AND LARGE CIRCULATION AREAS

These areas may be illuminated by using mounted lamps situated around the
perimeter of the site or in the corners of the site; alternatively, overhead
illumination using dispersive fittings can be used. The main objectives of area
lighting are to enable staff and machinery to move around the site in safety and to
give greater security to the site. Areas of local danger such as excavations and
obstructions should, however, be marked separately with red warning lights or
amber flashing lamps. Tungsten filament, mercury vapour or tungsten halogen
lamps can be used, and these should be mounted on poles, masts or towers
according to the lamp type and wattage. Typical mounting heights for various
lamps and wattages are shown in Table 1.3.2.

Large areas are generally illuminated by using large, high-mounted lamps,
whereas small areas and narrow sites use a greater number of smaller fittings. By
mounting the lamps as high as practicable above the working level glare is reduced,
and by lighting the site from at least two directions the formation of dense shadows
is also reduced. The spacing of the lamps is also important if under-lit and over-lit
areas are to be avoided. Figures 1.3.2 and 1.3.3 show typical lamps and the
recommended spacing ratios.

Dispersive lighting is similar to an ordinary internal overhead lighting
system, and is suitable for both exterior and interior area lighting where overhead

Table 1.3.2 Mounting heights

Lamp type Watts Minimum height (m)
Tungsten filament 200 4.500
300 6.000
750 9.000
Mercury vapour 400 9.000
1,000 15.000
2,000 18.000
Tungsten halogen 500 7.500
1,000 9.000

2,000 15.000
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Table 1.3.3  Suspension heights

Lamp type Watts Minimum height (m)
Tungsten filament 200 2.500
300 3.000
750 6.000
Mercury vapour 250 6.000
400 7.500
700 9.000
Fluorescent trough 40 to 125 2.500

suspension is possible. Ordinary industrial fittings should not be used because of the
adverse conditions that normally prevail on construction sites. The fittings selected
should therefore be protected against rust, corrosion and water penetration. To
obtain a reasonable spread of light the lamps should be suspended evenly over the
area to be illuminated, as shown diagrammatically in Fig. 1.3.4. Tungsten filament,
mercury vapour and fluorescent trough fittings are suitable and should be
suspended at a minimum height according to their type and wattage. Typical
suspension heights are shown in Table 1.3.3.

Most manufacturers provide guidance as to the choice of lamps or combination
of lamps, but a simple method of calculating lamp requirements is as follows:

1. Decide upon the service illuminance required, and double this figure to obtain
the target value.
area (m?) x target value (lux)

0.23

2. Calculate total lumens required =

3. Choose lamp type.
total lumens required

Number of lamps required =
lumen output of chosen lamp

4. Repeat stage 3 for different lamp types to obtain the most practicable and
economic arrangement.

5. Consider possible arrangements, remembering that:
m larger lamps give more lumens per watt and are generally more economic to run;
m fewer supports simplify wiring and aid overall economy;
B corner siting arrangements are possible;
m clusters of lamps are possible.

The calculations when using dispersive lighting are similar to those given above for
mounted area lighting except for the formula in stage 2, which has a utilisation
factor of 0.27 instead of 0.23.

BEAM FLOODLIGHTING

Tungsten filament or mercury vapour lamps can be used, but this technique is
limited in application on construction sites to supplementing other forms of
lighting. Beam floodlights are used to illuminate areas from a great distance. The
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beam of light is intense, producing high glare, and it should therefore be installed to
point downwards towards the working areas. Generally the lamps are selected direct
from the manufacturer’s catalogue without calculations.

WALKWAY LIGHTING

Tungsten filament and fluorescent lamps can be used to illuminate access routes
such as stairs, corridors and scaffolds. Bulkhead fittings that can be safely installed
with adequate protection to the wiring can be run off a mains voltage of 230 V
single-phase, but if they are in a position where they can be handled a reduced
voltage of 110 V single-phase should be used. Festoon lighting, in which the ready-
wired lampholders are moulded to the cable itself, can also be used. A standard
festoon cable would be 100.000 m long with rainproof lampholders and protective
shades or guards at 3.000 m or 5.000 m centres using 40 W or 60 W tungsten
filament bulbs for the respective centres. See Fig. 1.3.5. For lighting to scaffolds

of four- or five-board width 60 W lamps should be used, placed at not more than
6.000 m centres and preferably at least 2.400 to 3.000 m above the working platform
either to the wall side or centrally over the scaffold.

LOCAL LIGHTING

Clusters of pressed glass reflector floodlamps, tungsten filament lamps, festoons
and adjustable fluorescents can be used to increase the surface illumination at local
points, particularly where finishing trades are involved. These fittings must be
portable so that shadow casting can be reduced or eliminated from the working
plane: therefore it is imperative that these lights are operated off a reduced voltage
of 110 V single-phase. Fluorescent tubes do not usually work at a reduced voltage,
so special fittings working off a 110 V single-phase supply that internally increase
the voltage are used. Typical examples of suitable lamps are shown in Fig. 1.3.6.

As an alternative to a system of static site lighting connected to the site mains,
electrical supply mobile lighting sets are available. These consist of a diesel-
engine-driven generator and a telescopic tower with a cluster of tungsten iodine
lamps. These are generally cheaper to run than lamps operating off a mains supply.
Small two-stroke generator sets with a single lamp attachment suitable for small,
isolated positions are also available.

Another system that can be used for local lighting is flame lamps, which
normally use propane gas as the fuel. The ‘bulb’ consists of a mantle, and a reflector
completes the lamp fitting, which is attached to the fuel bottle by a flexible tube.
These lamps produce a great deal of local heat and water vapour; the latter may
have the effect of slowing down the drying out of the building. An alternative fuel
to propane gas is butane gas, but this fuel will not usually vaporise at temperatures
below —1 °C.

Whichever method of illumination is used on a construction site it is always
advisable to remember the axiom ‘A workman can only be safe and work well when
he can see where he is going and what he is doing.’
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*  WINTER BUILDING

Approximately one-fifth of the working force of the United Kingdom is employed
either directly or indirectly by the building industry. Therefore any fluctuation in
productivity will affect a large number of people. The general loss in output in the
construction industry in normal circumstances during the winter period is about
10%, which can result in the underemployment of staff, plant and fixed assets
together with the loss of good trading relations with suppliers due to goods ordered
not being called forward for delivery. A severe winter can treble the typical loss

of output quoted above, resulting in loss of cash flow to the main contractor and
subcontractors, plus reduced pay to employees. There will also be lower profits,

or a profit loss for contractors, and many skilled operatives may leave the industry
in search of more secure occupations. The building owner also suffers by the delay
in completing the building, which could necessitate extending the borrowing
period for the capital to finance the project or the loss of a prospective tenant

or buyer.

The major factor in determining the progress of works on site during the
winter period is the weather. Guidance as to the likely winter weather conditions
for various areas of the United Kingdom can be obtained from maps, charts and
statistical data issued by the Meteorological Office, and this is useful for long-term
planning, whereas in the short term reliance is placed upon local knowledge, daily
forecasts and the short-term monthly weather forecasts. The uncertain nature
of the climate in the United Kingdom often discourages building contractors from
investing in plant and equipment for winter-building techniques and protective
measures that may prove to be unnecessary. Contractors must therefore assess
the total cost of possible delays against the capital outlay required for plant and
equipment to enable them to maintain full or near-full production during the
winter period.
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M EFFECTS OF WEATHER

Weather conditions that can have a delaying effect on building activities are rain,
high winds, low temperatures, snow and poor daylight levels; the worst effects
obviously occur when more than one of the above conditions occur simultaneously.

Rain

Rain affects site access and movement, which in turn increases site hazards,
particularly those associated with excavations and earth-moving works. It also
causes discomfort to operatives, thus reducing their productivity rate. Delays

with most external operations, such as bricklaying and concreting, are usually
experienced, particularly during periods of heavy rainfall. Damage can be caused to
unprotected materials stored on site and in many cases to newly fixed materials or
finished surfaces. The higher moisture content of the atmosphere will also delay the
drying out of buildings. If high winds and rain occur together, rain penetration and
site hazards are considerably increased.

High winds

Apart from the discomfort felt by operatives, high winds can also make activities such
as frame erection and the fixing of sheet cladding very hazardous. They can also limit
the operations that can be carried out by certain items of plant such as tower cranes
and suspended cradles. Positive and negative wind pressures can also cause damage
to partially fixed claddings, incomplete structures and materials stored on site.

Low temperatures

As the air temperature approaches freezing point many site activities are slowed
down. These include excavating, bricklaying, concreting, plastering and painting,
until they cease altogether at subzero temperatures; also, mechanical plant can be
difficult to start, and stockpiles of materials can become frozen and difficult to
move. General movement and circulation around the site becomes hazardous,
creating with the low temperatures general discomfort and danger for site
personnel. When high winds are experienced with low temperatures they

will aggravate the above-mentioned effects.

Snow

This is one of the most variable factors in British weather, ranging from an average
of five days a year on which snow falls on low ground in the extreme south-west to
35 days in the north-east of Scotland. Snow will impair the movement of labour,
plant and materials, as well as create uncomfortable working conditions. Externally
stored materials will become covered with a layer of snow, making identification
difficult in some cases. This blanket of snow will also add to the
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load to be carried by all horizontal surfaces. High winds encountered with falling
snow can cause drifting, which could increase the site hazards and personal
discomfort, and decrease general movement around the site.

It should be appreciated that the adverse conditions described above could have
an adverse effect on site productivity, even if they are not present on the actual site,
by delaying the movement of materials to the site from suppliers outside the
immediate vicinity.

M WINTER-BUILDING TECHNIQUES

The major aim of any winter-building method or technique is to maintain an
acceptable rate of productivity. Inclement weather conditions can have a very

quick reaction on the transportation aspect of site operations, movement of vehicles
around the site and, indeed, off the site, which will be impaired or even brought to a
complete standstill unless firm access roads or routes are provided, maintained and
kept free of snow. These access roads should extend right up to the discharge points
to avoid the need for unnecessary double handling of materials. If the access roads
and hardstandings form part of the contract and are suitable, these could be
constructed at an early stage in the contract before the winter period. If the
permanent road system is not suitable in layout for contractual purposes,

temporary roads of bulk timbers, timber or concrete sleepers, compacted

hardcore or proprietary metal tracks could be laid.

Frozen ground can present problems with all excavating activities. Most
excavating plant can operate in frozen ground up to a depth of 300 mm, but at
a reduced rate of output: this is particularly true when using machines having a
small bucket capacity. Prevention is always better than cure. Therefore if frost is
anticipated it is a wise precaution to protect the areas to be excavated by covering
with fibre mats enclosed in a polythene envelope, insulating quilts of mineral wool
or glass fibre incorporating electric heating elements for severe conditions. Similar
precautions can be taken in the case of newly excavated areas to prevent them
freezing and giving rise to frost-heave conditions. If it is necessary to defrost
ground to enable excavating works to be carried out, this can usually be achieved
by using flame throwers, steam jet pipes or coils. Care must be taken to ensure
that defrosting is complete and that precautions are taken to avoid subsequent
re-freezing.

Water supplies should be laid below ground at such a depth as to avoid the
possibility of freezing. The actual depth will vary according to the locality of the site,
with a minimum depth of 750 mm for any area. If the water supply is temporary and
above ground the pipes should be well insulated and laid to falls so that they can be
drained at the end of the day through a drain cock incorporated into the service.

Electrical supplies can fail in adverse weather conditions because the vulnerable
parts such as contacts become affected by moisture, frost or ice. These components
should be fully protected in the manner advised by their manufacturer.

Items of plant that are normally kept uncovered on site — such as mixers, dumper
trucks, bulldozers and generators — should be protected as recommended by the
manufacturer to avoid morning starting problems. These precautions will include
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selecting and using the correct grades of oils, lubricants and antifreeze, as well as
covering engines and electrical systems, draining radiators where necessary, and
parking wheeled or tracked vehicles on timber runners to prevent them freezing to
the ground.

Under the Construction (Health, Safety and Welfare) Regulations, operatives
will also need protection from adverse winter conditions if an acceptable level of
production is to be maintained. Materials too will require shelter. Such protection
can be of one or more of the following types:

m temporary shelters;
m framed enclosures;
m air-supported structures;
m protective clothing.

TEMPORARY SHELTERS

These are the cheapest and simplest method of giving protection to the working
areas. They consist of a screen of reinforced or unreinforced polythene sheeting of
suitable gauge fixed to the outside of the scaffold to form a windbreak. The sheeting
must be attached firmly to the scaffold standards so that it does not flap or tear

(a suitable method is shown in Fig. 1.4.2). To gain the maximum amount of use and
reuse out of the sheeting used to form the windbreaks the edges should be hemmed
or reinforced with a suitable adhesive tape with metal eyelets incorporated at the
tying positions. Eyelets can be made on site using a special kit; alternatively the
sheet can be supplied with prepared edges.

FRAMED ENCLOSURES

These consist of a purpose-made frame having a curved roof clad with a corrugated
material and polythene-sheeted sides; alternatively a frame enclosing the whole

of the proposed structure can be constructed from standard tubular scaffolding
components (see Fig. 1.4.1). Framed enclosures should be clad from the windward
end to avoid a build-up of pressure inside the enclosure. It is also advantageous to
load the working platform before sheeting in the sides of the enclosure, because
loading at a later stage is more difficult. The frame must be rigid enough to take
the extra loading of the coverings and any imposed loading such as wind loadings.
Anchorage to the ground of the entire framing is also of great importance, and this
can be achieved by using a screw-type ground anchor as shown in Fig. 1.4.2.

AIR-SUPPORTED STRUCTURES

Sometimes called air domes, these are being increasingly used on building sites as
a protective enclosure for works in progress and for covered material storage areas.
Two forms are available:

m internally supported dome;
m air rib dome.
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The internally supported dome is held up by internal air pressure acting against
the covering membrane of some form of PVC-coated nylon or rayon with access
through an air lock or air curtain door, whereas in the air rib dome the membrane
is supported by air-inflated ribs to which the covering membrane is attached. The
usual shape for an air-supported structure is semi-cylindrical with rounded ends
through which daylight can be introduced by having a translucent membrane over
the crown of the structure. The advantages of air-supported structures are that
they are low cost, light in weight and reusable; only a small amount of labour
is required to erect and dismantle them, and with only a low internal pressure
(approximately 150 N/m?” above atmospheric pressure) workers inside are not
affected. Disadvantages are the need to have at least one fan in continuous
operation to maintain the internal air pressure, the provision of an air lock or
curtain entrance, which will impede or restrict the general site circulation, and
the height limitation, which is usually in the region of 45% of the overall span
of the structure. The anchorage and sealing of the air-supported structure are
also very important, and this can be achieved by using a concrete ring beam as
shown in Fig. 1.4.2.

OTHER PROTECTIVE MEASURES

Personal protective clothing/equipment (PPE) is another very important aspect

of winter-building techniques. It must be provided to satisfy the health and safety
objectives of the Construction (Health, Safety and Welfare) Regulations. Statistics
show that the incidence of ailments usually associated with inclement weather, such
as rheumatism and bronchitis, is some 20% higher in the building industry when
compared with British industry as a whole. Labour costs on building sites are such
that maximum utilisation of all labour resources in all weathers must be the ultimate
aim, and therefore capital expended in providing protective clothing can be a
worthwhile investment. The ideal protective clothing consists of a suit in the form
of jacket and trousers made from a lightweight polyurethane-proofed nylon with a
removable jacket liner for extreme conditions. A strong lightweight safety helmet
and a strong pair of steel-toe-capped rubber boots with a good-grip tread would
complete the protective clothing outfit.

Heating equipment may be needed on a building site to offset the effects of
cold weather on building operations, particularly where wet trades are involved
when the materials used could become frozen at an early stage in the curing process,
producing an unacceptable component or member. The main types of heater in use
are convectors, radiant heaters and forced-air heaters using electricity, gas or oil as
fuel. Electricity is usually too expensive in the context of building operations except
for the operation of pumps and fans included in many of the heating appliances
using the main other fuels. Gas and oil are therefore the most used fuels, and these
must be considered in the context of capital and running costs.

Convector heaters using propane or electricity with an output of 3 to 7 kW are
suitable only for small volumes such as site huts and drying rooms. Gas-burning
appliances will require a suitable flue to convey the combustion fumes to the
outside air.
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Radiant heaters using propane are an alternative to the convector heater: they
have the advantage of being mobile, making them suitable for site hut heating or for
local heating where personnel are working.

Forced-air heaters have high outputs of 30 to 70 kW: they are efficient, versatile
and mobile. Two forms of heater are available: the direct forced-hot-air heater,
which discharges water vapour into the space being heated, and the vented forced-
air heater, where the combustion gases are discharged through a flue to the outside
air. Both forms of heater require a fan operated by electricity, propane or a petrol
engine. The usual fuels for the heater are propane, paraffin or light fuel oil, which
produces sufficient heat for general area heating of buildings under construction
and for providing heat to several parts of a building using plastic ducting to
distribute the hot air. When using a ducted distribution system it is essential
that the air velocity at the nozzle is sufficient to distribute the hot air throughout
the system.

The natural drying out of buildings after the wet trades is considerably slower
in the winter months, and therefore to meet production targets this drying-out
process needs the help of suitable plant. The heaters described above are often
used for this purpose, but they are generally very inefficient. Effective drying out
or the removal of excess moisture from a building requires the use of a dehumidifier
and a vented space heater. Direct-fired heaters are generally unsuitable, because
moisture is contained in the combustion gases discharged into the space being
dried out. The dehumidifier is used in conjunction with a heater to eliminate the
need to heat the cold air that would replace the warm moist air discharged to the
outside if only a vented heater was employed. Two basic types of dehumidifier are
available:

m Refrigeration types, where the air is drawn over refrigeration coils that lower
the dewpoint, causing the excess moisture in the air to condense and discharge
into a container. According to the model used the extraction rate can be from
10 to 150 litres per day.

m Chemical desiccant types, where the moist air is drawn over trays or
drums containing hygroscopic chemicals that attract the moisture from
the air; the extracted moisture is transferred to a bucket or other suitable
container. The advantages of these types are low capital and running costs
and their overall efficiency, with an extraction rate between 45 and 110 litres
per day according to the model being used. The only real disadvantage is
the need periodically to replenish the chemicals in the dehumidifier trays
or drums.

The use of steam generators for defrosting plant and materials or heating water
is also a possible winter-building technique. The steam generator can be connected
to steam coils, which can be inserted into stockpiles of materials; alternatively the
steam generator can be connected to a hand-held lance.

The use of artificial lighting on sites to aid production and increase safety on
building sites during the winter period when natural daylighting is often inadequate
has been fully covered in the previous chapter.
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B WORKING WITH TRADITIONAL MATERIALS

CONCRETE

This can be damaged by rain, sleet, snow, freezing temperatures and cooling winds
before it has matured, by slowing down the rate at which concrete hardens, or by
increasing to an unacceptable level the rate at which the water evaporates. The
following precautions should ensure that no detrimental effects occur when mixing
and placing in winter conditions:

Storage of cement under cover and in perfectly dry conditions to prevent air setting.
Defrosting of aggregates.

Minimum of delay between mixing and placing.

Minimum temperature of concrete when placed ideally should be 10 °C.

Newly placed concrete to be kept at a temperature of more than 5 °C for at least
three days, because the rate at which concrete sets below this temperature is
almost negligible. It may be necessary to employ the use of covers with heating
elements to maintain this minimum temperature, or a polythene tent to provide
about 500 mm air space underneath. Warm air can be blown under the tent to
create an insulative layer.

If special additives such as calcium chloride or calcium formate are applied to
mass concrete, the manufacturer’s specifications should be strictly observed.
Calcium chloride should not be used in concrete mixes containing steel-
reinforcing bars, as it will encourage corrosion. It may also contribute to

the shrinkage of concrete.

Do not use antifreeze solutions; these are incompatible with concrete mixes.
Follow the recommendations of BS 8110: Structural use of concrete, for guidance
on the use of formwork and also the chloride ion content in different types of
concrete.

Air-entraining mixtures (see BS EN’s 480 and 934: Admixtures for concrete

and grout) are derived from wood resins, fatty acids and various other chemicals
to create minute air bubbles that adhere to the cement particles. Resistance to
frost is achieved, as the bubbles act as expansion chambers for ice formations.
Concrete design must allow for the effect of porosity, which can be as much as
15% strength loss.

If special cements are used, the manufacturer’s instructions should be strictly
adhered to. Rapid-hardening Portland cement (RHPC) sets at the same rate as
ordinary Portland cement (OPC), but because of the extra fineness of particles
has greater surface area for the hydration reaction. This provides a high rate of
heat evolution to help prevent frost damage and effect faster strength gain.

BRICKWORK

Brickwork can be affected by the same climatic conditions as given above for
concrete, resulting in damage to the mortar joints and possibly spalling of the
bricks. The following precautions should be taken when bricklaying under winter
weather conditions:
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m Bricks to be kept reasonably dry.

m Usea 1:1:6 mortar or a 1:5—6 cement: sand mortar with an air-entraining
plasticiser to form microscopic air spaces, which can act as expansion chambers
for the minute ice particles that may form at low temperatures.

m Cover up the brickwork upon completion with a protective insulating quilt or
similar covering for at least three days.

m During periods of heavy frost use a heated mortar by mixing with heated water
(approximately 50 °C) to form a mortar with a temperature of between 15 and
25 °C.

m Do not use additives such as calcium chloride, because part of the solution could
be absorbed by the absorbent bricks, resulting in damage to the finished work.
It can also corrode metal wall ties.

PLASTERING

Precautions that can be taken when plastering internally during cold periods are
simple: they consist of closing windows and doors or covering the openings with
polythene or similar sheeting, maintaining an internal temperature above freezing,
and if necessary using heated (maximum 50 °C) mixing water. Lightweight plasters
and aggregates are less susceptible to damage by frost than ordinary gypsum plasters
and should be specified whenever possible. External plastering or rendering should
be carried out only in dry weather when the air temperature is above freezing.

TIMBER

If the correct storage procedure of a covered but ventilated rack has been followed
and the moisture content of the fixed joinery is maintained at the correct level few
or no problems should be encountered when using this material during winter
weather conditions.

If a contractor’s output falls below the planned target figures then fixed charges

for overheads, site on-costs and plant costs are being wasted to a proportionate
extent. Profits will also be less because of the loss in turnover: therefore it is usually
worthwhile expending an equivalent amount on winter-building precautions and
techniques to restore full production. In general terms, a decrease of about 10% in
productivity is experienced by builders during the winter period, and by allocating
10% of fixed charges and profit to winter-building techniques a builder can bring
production back to normal. Cost analysis will show that the more exceptional the
inclement weather becomes the greater is the financial reward for expended money
on winter-building techniques and precautions.
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BUILDERS’ PLANT:
GENERAL CONSIDERATIONS

The general aim of building is to produce a structure at reasonable cost and of
sound workmanship within an acceptable time period. To achieve this time period
and in many cases to overcome a shortage of suitable manpower the mechanisation
of many building activities must be considered. The range of plant now available
to building contractors is very extensive, ranging from simple hand tools to very
expensive equipment that undertakes tasks beyond the capabilities of manual
labour. In a text of this nature it is possible only to consider the general classes of
plant and their uses; for a full analysis of the many variations, with the different
classifications, readers are advised to consult the many textbooks and catalogues
devoted entirely to contractors’ plant.

The main reasons for electing to use items of plant are as follows:

m Increase rate of output.

m Reduce overall building costs.

m Carry out activities that cannot be done manually or do them more
economically.

m Eliminate heavy manual work, thus reducing fatigue and increasing the
productivity of manual workers.

® Maintain a planned rate of production where there is a shortage of either skilled
or unskilled operatives.

B Maintain the high standards often required by present-day designs and
specifications, especially when concerned with structural engineering works.

It must not be assumed that the introduction of plant to a contract will always
reduce costs. This may well be true with large contracts, but when carrying out
small contracts such as a traditionally built one-off house it is usually cheaper to
carry out the constructional operations by traditional manual methods: the main
exception to this is the mixing of concrete and cement mortar using a small mobile
batch mixer.
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The type of plant to be considered for selection will depend upon the tasks
involved, the time element, and the staff available. The person who selects the
plant must be competent, the plant operator must be a trained person to obtain
maximum efficiency, the manufacturer’s recommended maintenance schedule for
the plant must be followed and, above all, the site layout and organisation must be
planned with a knowledge of the capabilities and requirements of the plant.

Having taken the decision to use plant and equipment, the contractor now has
the choice of buying, hiring or combining the two. The advantages of buying plant
are as follows:

m Plant is available when required.

m The cost of idle time caused by inclement weather, work being behind planned
programme or delay in deliveries of materials will generally be less on owned
plant than on hired plant.

m The builder can apportion the plant costs to the various contracts using the
plant, by his/her own chosen method.

m There is some resale value.

The advantages of hiring plant are as follows:

m Plant can be hired as required and for short periods.

m Hire firms are responsible for maintenance, repairs and replacements.

m The contractor is not left with unused expensive plant items after completion of
the contract.

m Hire rates can include operator, fuel and oil.

Quotations and conditions for hiring plant can be obtained from a plant-hiring
company. A full list of companies belonging to the Construction Plant-Hire
Association is contained in the CPA Annual Handbook. This Association was
formed in 1941 to represent the plant-hire industry in the United Kingdom to
negotiate general terms and conditions of hiring plant, to give advice, and to
promote a high standard of efficiency in the services given by its members. Against
plant-hire rates and conditions a contractor will have to compare the cost of buying
and owning a similar piece of plant. A comparison of costs can be calculated by the
simple straight-line method or by treating the plant as an investment and charging
interest on the capital outlay.

Straight-line method

Capital cost of plant £45,000.00

Expected useful life 5 years

Yearly working, say 75% of total 75
year’s working hours = 50 weeks x 40 hours X ——

= 1,500 hours per year
Assuming a resale value after 5 years of £7,500.00

45,000 — 7,500

Annual depreciation 5

= 17,500
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7,500.00
Therefore hourly depreciation =2 = [£5.00
1,500.00
Net cost per hour = 5.00
Add 2% for insurance, etc. = 0.10
Add 10% for maintenance =_0.50

£5.60 per hour

To the above costs must be added the running costs, which would include fuel,

operator’s wages and overheads.

Interest on capital outlay method

Capital cost of plant £45,000.00
Compound interest on capital @ 6% for 5 years 15,220.00
£60,220.00
Deduct resale value 7,500.00
£52,720.00
Add 2% of capital cost for insurance, etc. 900.00
Add 10% of capital cost for maintenance 4,500.00
£58,120.00
_ _£58,120 _ £7775
5% 1,500

Therefore cost per hour

55

To the above hourly rate must be added the running costs as given for the straight-

line method. This second method gives a more accurate figure for the actual cost
of owning an item of plant than the straight-line method, and for this reason it is

widely used.
Vehicles such as lorries and vans are usually costed on a straight annual
depreciation of the yearly book value thus:

Cost of vehicle £25,000.00
Estimated useful life, 5 years with
an annual depreciation of 30%

Capital cost £25,000.00
30% depreciation 7,500.00
Value after Ist year 17,500.00
30% depreciation 5,250.00
Value after 2nd year 12,250.00
30% depreciation 3,675.00
Value after 3rd year 8,575.00
30% depreciation 2,572.50
Value after 4th year 6,002.50
30% depreciation 1,800.75

Value at 5th year £4,201.75
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The percentages of insurance and maintenance together with the running costs
can now be added on a yearly basis, taking the new book values for each year;
alternatively the above additional costs could be averaged over the five-year period.
To be an economic proposition large items of plant need to be employed
continuously and not left idle for considerable periods of time. Careful maintenance
of all forms of plant is of the utmost importance. This not only increases the working
life of a piece of plant, but if a plant failure occurs on site it can cause serious delays
and disruptions of the programme, and this in turn can affect the company’s
future planning. To reduce the risk of plant breakdown a trained and skilled
operator should be employed to be responsible for the running, cleaning and daily
maintenance of any form of machinery. Time for the machine operator to carry out
these tasks must be allowed for in the site programme and the daily work schedules.
On a large contract where a number of machines are to be employed, a full-time
skilled mechanic could be engaged to be responsible for running repairs and
recommended preventive maintenance. Such tasks would include:

checking oil levels — daily;

greasing — daily or after each shift;

checking engine sump levels — after 100 hours’ running time;
checking gearbox levels — after 1,200 to 1,500 hours’ running time;
checking tyre pressures — daily;

inspecting chains and ropes — daily.

As soon as a particular item of plant has finished its work on site it should be
returned to the company’s main plant yard so that it can be re-allocated to another
contract. This is equally important for hired plant, which must be returned to the
hire company’s depot; otherwise excess charges may apply. On its return to the
main plant yard or hire depot an item of plant should be inspected and tested
so that any necessary repairs, replacements and maintenance can be carried out
before it is re-employed on another site. A record of the machine’s history should
be accurately kept and should accompany the machine wherever it is employed so
that the record can be kept up to date.

The soil conditions and modes of access to a site will often influence the
choice of plant items that could be considered for a particular task. Congested
town sites may severely limit the use of many types of machinery and/or plant.

If the proposed structure occupies the whole of the site, component and material
deliveries in modules or prefabricated format will eliminate the need and space
for fabrication and assembly plant. Concrete-mixing plant will also be impractical:
therefore supplies will be delivered ready mixed. Wet sites usually require plant
equipped with caterpillar tracks, whereas dry sites are suitable for tracked and
wheeled vehicles or power units. On housing sites it is common practice to construct
the estate road sublayers at an early stage in the contract to provide firm access
routes for mobile plant and hardstanding for static plant such as cement mixers.
Sloping sites are usually unsuitable for rail-mounted cranes, but these cranes
operating on the perimeter of a building are more versatile than the static cranes.
The heights and proximity of adjacent structures or buildings may limit the use
of a horizontal jib crane and may even dictate the use of a crane with a luffing jib.
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For accurate pricing of a bill of quantities careful consideration of all plant
requirements must be undertaken with the preparation of a plant schedule at the
pre-tender stage. This should take into account plant types, plant numbers and
personnel needed. If the tender is successful a detailed programme should be
prepared in liaison with all those to be concerned in the supervision of the contract
so that the correct sequence of operations is planned and an economic balance of
labour and machines is obtained.

Apart from the factors previously discussed, consideration must also be given
to safety and noise emission requirements when selecting items of plant for use
on a particular contract. The aspects of safety that must be legally provided are
contained in various Acts of Parliament and Statutory Instruments such as the
Health and Safety at Work etc. Act 1974, the Construction (Health, Safety and
Welfare) Regulations 1996 and the Noise at Work Regulations 1989. These
requirements will be considered in the following chapters devoted to various
classifications of plant.

Although reaction to noise is basically subjective, excessive noise can damage
a person’s health and/or hearing; it can also cause disturbance to working and
living environments. Under the Health and Safety at Work etc. Act 1974 and its
subsidiary regulations provision is made for the protection of workers against noise.
If the maximum safe daily noise limits for the unprotected human ear are likely to
be exceeded, the remedies available are the issue of suitable ear protectors to the
workers, housing the plant in a sound-insulated compartment, or the use of quieter
plant or processes.

Local authorities have powers under the Control of Pollution Act 1974 to protect
the community against noise. Part III of this Act gives the local authority the power
to specify its own requirements as to the limit of construction noise acceptable by
serving a notice, which may specify:

m plant or machinery that is, or is not, to be used;

m hours during which the works may be carried out;

m level of noise emitted from the premises in question or from any specific point on
these premises, or the level of noise that may be emitted during specified hours.

The local authority is also allowed to make provisions in these notices for any
change of circumstance.
A contractor will therefore need to know the local authority requirements as
to noise restrictions at the pre-tender stage to enable selection of the right plant
and/or processes to be employed. Methods for predicting site noise are given in
BS 5228: Noise and vibration control on construction and open sites: see Parts 1, 2 and 4.
Part 1 recommends methods of noise control and provides guidance on:

m methods for predicting noise;
B measuring noise;
B minimising the impact noise on people in the vicinity of site work.

Part 2 provides guidance on noise control legislation. Part 4 provides
recommendations for noise and vibration control measures specifically for
piling work.
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A precise definition of builders’ small powered plant is not possible, because the
term ‘small’ is relative. For example, it is possible to have small cranes, but these,
when compared with a hand-held electric drill, would be considered as large plant
items. Generally, therefore, small plant can be considered to be hand-held or
operated power tools with their attendant power sources such as a compressor

for pneumatic tools; one of the main exceptions is the small static pumps used

in conjunction with shallow excavations.

Most hand-held power tools are operated by electricity or compressed air, either
to rotate the tool or drive it by percussion. Some of these tools are also designed
to act as rotary/percussion tools. Generally, the pneumatic tools are used for the
heavier work and have the advantage that they will not burn out if a rotary tool
stalls under load. Electrically driven tools are, however, relatively quiet because
there is no exhaust noise, and they can be used in confined spaces because there
are no exhaust fumes.

M ELECTRIC HAND TOOLS

The most common hand-held tool is the electric drill for boring holes into
timber, masonry and metals using twist drills. A wide range of twist drill capacities
are available with single- or two-speed motors for general-purpose work, the low
speed being used for boring into or through timber. Chuck capacities generally
available range from 6 to 30 mm for twist drills suitable for metals. Dual-purpose
electric drills are very versatile in that the rotary motion can be combined with or
converted into a powerful but rapid percussion motion, making the tool suitable for
boring into concrete provided that special tungsten-carbide-tipped drills are used
(see Fig. 2.2.1).

A variation of the basic electric motor power units is the electric hammer,
which is used for cutting and chasing work, where the hammer delivers powerful



Small powered plant 59

Gearbox with

Hole for synchromesh
chuck key

465 W electric
motor with heavy
duty bearing and
welded commutator

Operating switch

Chuck

Spade

10 mm chuck grip

handle
Interchangeable side
handle for right- or ITOE?PN?HQ ’
left-hand use ig arina
Speed body with
change double insulation
switch
Supply cable

Speeds | 650 and 1,850 rpm
Weight |2.5kg
Voltages | 220/240 and 110/115

Percussion version also available giving
18,000 and 31,500 impacts per min.

Figure 2.2.1 Typical electric drill (courtesy: Stanley-Bridges)

blows at a slower rate than the percussion drill described. Another variation is the
electric screwdriver, which has an adjustable and sensitive clutch that will operate
only when the screwdriver bit is in contact with the screw head and will slip when a
predetermined tension has been reached when the screw has been driven in. Various
portable electric woodworking tools such as circular saws, jigsaws, sanders, planes
and routers are also available and suitable for site use.

Electric hand-held tools should preferably operate off a reduced voltage supply
of 110 V and should conform to the recommendations of BS 2769 and BS EN
60745: Hand-held motor-operated electric tools. All these tools should be earthed
unless they bear the ‘two squares’ symbol indicating that they are ‘all insulated’ or
‘double insulated’ and therefore have their own built-in safety system. Plugs and
couplers should comply with BS EN 60309-2: Plugs, socket-outlets and couplers for
industrial purposes, so that they are not interchangeable and cannot be connected
to the wrong voltage supply. Protective guards and any recommended protective
clothing such as goggles and ear protection should be used as instructed by the
manufacturers and as laid down in the Construction (Health, Safety and Welfare)
Regulations 1996, the Personal Protective Equipment at Work Regulations 1992
and the Noise at Work Regulations 1989. Electric power tools must never be
switched off while under load, because this could cause the motor to become
overstrained and burn out. If electrical equipment is being used on a site, the
Electricity at Work Regulations and relevant first-aid placards should be displayed
in a prominent position.
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B PNEUMATIC TOOLS

These tools need a supply of compressed air as their power source, and on building
sites this is generally in the form of a mobile compressor powered by a diesel,
petrol or electric motor, the most common power unit being the diesel engine.
Compressors for building works are usually of the piston or reciprocating type,
where the air is drawn into a cylinder and compressed by a single stroke of the
piston; alternatively two-stage compressors are available where the air is compressed
to an intermediate level in a large cylinder before passing to a smaller cylinder
where the final pressure is obtained. Air receivers are usually incorporated with
and mounted on the chassis to provide a constant source of pressure for the air
lines and to minimise losses due to pressure fluctuations of the compressor and/or
frictional losses due to the air pulsating through the distribution hoses.

One of the most common pneumatic tools used in building is the breaker,
which is basically intended for breaking up hard surfaces such as roads. These
breakers vary in weight, ranging from 15 to 40 kg with air consumptions of 10
to 20 m*/min. A variety of breaker points or cutters can be fitted into the end
of the breaker tool to tackle different types of surface (see Fig. 2.2.2). Chipping
hammers are a small lightweight version of the breaker described above, having a
low air consumption of 0.5 m*/min or less. Backfill tampers are used to compact
the loose spoil returned as backfill in small excavations, and weigh approximately
23 kg with an air consumption of 10 m*/min. Compressors to supply air to these
tools are usually specified by the number of air hoses that can be attached and by
the volume of compressed air that can be delivered per minute. Other equipment
that can be operated by compressed air includes vibrators for consolidating
concrete, small trench sheeting or sheet pile-driving hammers, concrete-spraying
equipment, paint sprayers and hand-held rotary tools such as drills, grinders
and saws.

Pneumatic tools are generally very noisy, and in view of the legal requirements of
the Health and Safety at Work etc. Act 1974 and the Control of Pollution Act 1974
these tools should be fitted with a suitable muffler or silencer. Models are being
designed and produced with built-in silencers fitted not only on the tool holder but
also on the compressor unit. The mufflers that can be fitted to pneumatic tools such
as the breaker have no loss of power effect on the tool provided the correct muffler
is used.

The risk of vibration damage to operators of hand-controlled machinery is
limited by the requirements of the Control of Vibration at Work Regulations 2005.
Several factors combine to define the limits of use. These include the extent of
exposure, the degree of exposure, and the operating direction or axis of operation.
Formulated values relate to equipment manufacturers’ measured vibration levels
in metres per second squared (m/s?) against daily usage time (hours).

I CARTRIDGE HAMMERS

Cartridge hammers or guns are used for the quick fixing together of components
or for firing into a surface a pin with a threaded head to act as a bolt fixing. The
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Figure 2.2.3 'Typical cartridge hammer (courtesy: Douglas Kane Group)

gun actuates a (.22 cartridge that drives a hardened austempered steel pin into

an unprepared surface. Holding power is basically mechanical, caused by the
compression of the material penetrated against the shank of the pin, although with
concrete the heat generated by the penetrating force of the pin causes the silicates
in the concrete to fuse into glass, giving a chemical bond as well as the mechanical
holding power. BS 4078: Powder actuated fixing systems. Code of practice for safe use,
specifies the design, construction, safety and performance requirements for cartridge-
operated fixing tools, and this standard also defines two basic types of tool:

m Direct-acting tools, in which the driving force on the pin comes directly from
the compressed gases from the cartridge. These tools are high-velocity guns with
high muzzle energy.

m Indirect-acting tools, in which the driving force is transmitted to the pin by
means of an intervening piston with limited axial movement. This common form
of cartridge-fixing tool is trigger operated, having a relatively low velocity and
muzzle energy. A typical example is shown in Fig. 2.2.3.

Hammer-actuated fixing tools working on the piston principle are also available, the
tool being hand held and struck with a hammer to fire the cartridge.

The cartridges and pins are designed for use with a particular model of gun, and
should in no circumstances be interchanged between models or different makes of
gun. Cartridges are produced in seven strengths, ranging from extra low to extra
high, and for identification purposes are colour coded in accordance with BS 4078.
A low-strength cartridge should be used first for a test firing, gradually increasing
the strength until a satisfactory result is obtained. If an over-strength cartridge is
used it could cause the pin to pass right through the base material. Fixing pins near
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to edges can be dangerous because the pin is deflected towards the free edge by
following the path of low resistance. Minimum edge distances recommended for
concrete are 100 mm using a direct-acting tool and 50 mm using an indirect-acting
tool; for fixing into steel the minimum recommended distance is 15 mm using any
type of fixing tool.

The safety and maintenance aspects of these fixing tools cannot be overstressed.
In particular, consideration must be given to the following points:

m Pins should not be driven into brittle or hard materials such as vitreous-faced
bricks, cast iron or marble.

m Pins should not be driven into base materials where there is a danger of the pin
passing through.

m Pins should not be fired into existing holes.

m During firing the tool should be held at right angles to the surface with the
whole of the splinter guard flush with the surface of the base material. Some
tools are designed so that they will not fire if the angle of the axis of the gun to
the perpendicular exceeds 7°.

m Operatives under the age of 18 years should not be allowed to use cartridge-
operated tools.

m All operators should have a test for colour blindness before being allowed to use
these fixing tools.

m No one apart from the operator and an assistant should be in the immediate vicinity
of firing to avoid accidents due to ricochet, splintering or re-emergence of pins.

m Operators should receive instructions as to the manufacturer’s recommended
method of loading, firing and the action to be taken in cases of misfiring.

m Protective items such as goggles and earmuffs should be worn as recommended
by the manufacturers.

B VIBRATORS

After concrete has been placed it should be consolidated either by hand tamping or
by using special vibrators. The power for vibrators can be supplied by a small petrol
engine, an electric motor or in some cases by compressed air. Three basic forms of
vibrator are used in building works: poker vibrators, vibration tampers and clamp
vibrators. Poker vibrators are immersed into the wet concrete, and because of
their high rate of vibration they induce the concrete to consolidate. The effective
radius of a poker vibrator is about 1.000 m: therefore the poker or pokers should
be inserted at approximately 600 mm centres to achieve an overall consolidation
of the concrete.

Vibration tampers are small vibrating engines that are fixed to the top of a
tamping board for consolidating concrete pavings and slabs. Clamp vibrators
are similar devices but are attached to the external sides of formwork to vibrate the
whole of the form. Care must be taken when using this type of vibrator to ensure
that the formwork has sufficient in-built strength to resist the load of the concrete
and to withstand the vibrations.
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In concrete members that are thin and heavily reinforced, careful vibration will
cause the concrete to follow uniformly around the reinforcement, and this increased
fluidity due to vibration will occur with mixes that in normal circumstances would
be considered too dry for reinforced concrete. Owing to the greater consolidation
achieved by vibration up to 10% more material may be required than with
hand-tamped concrete.

Separation of the aggregates can be caused by over-vibrating a mix: therefore
vibration should be stopped when the excess water rises to the surface. Vibration
of concrete saves time and labour in the placing and consolidating of concrete, but
does not always result in a saving in overall costs because of the high formwork
costs, extra materials costs and the cost of providing the necessary plant.

B POWER FLOATS

Power floats are hand-operated rotary machines powered by a petrol engine or an
electric motor that drives the revolving blades or a revolving disc. The objective
of power floats is to produce a smooth, level surface finish to concrete beds and
slabs suitable to receive the floor finish without the need for a cement/sand screed.
The surface finish that can be obtained is comparable to that achieved by operatives
using hand trowels but takes only one-sixth of the time, giving a considerable saving
in both time and money. Most power floats can be fitted with either a revolving disc
or blade head, and these are generally interchangeable.

The surfacing disc is used for surface planing after the concrete has been
vibrated and will erase any transverse tamping line marks left by a vibrator beam
as well as filling in any small cavities in the concrete surface. The revolving blades
are used after the disc-planing operation to provide the finishing and polishing,
which can usually be achieved with two passings. The time at which disc planing
can be started is difficult to specify: it depends on factors such as the workability
of the concrete, temperature, relative humidity and the weight of the machine to be
used. Experience is usually the best judge but, as a guide, if imprints of not more

Basic dimensions Petrol engine with
1.500 long x 900 wide a fuel consumption
% 600 high —— of 1.13 litres per hour

Hand controls
for engine speed,
blade adjustment
and shut-off switch

BV=~ Fuel tank
capacity

-y
'-? 3.4 litres

Before application,
detachable safety
cover replaced —
shown removed for
maintenance and to
illustrate blades

Four reversible blades
of case-hardened steel

with adjustable rotation
speeds up to 145 rpm

900 mm nominal diameter
stationary guard ring

Figure 2.2.4 'Typical power float (courtesy: Construction Equipment and Machinery)
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than 2 to 4 mm deep are made in the concrete when walked upon it is generally
suitable for disc planing. If a suitable surface can be produced by a traditional
concrete placing method the disc planing operation prior to rotary blade finishing is
often omitted. Generally, blade finishing can be commenced once the surface water
has evaporated; a typical power float is shown in Fig. 2.2.4. Power floats can also be
used for finishing concrete floors with a granolithic or similar topping.

B PUMPS

Pumps are among the most important items of small plant for the building
contractor, because they must be reliable in all conditions, easy to maintain, easily
transported and efficient. The basic function of a pump is to move liquids vertically
or horizontally, or in a combination of the two directions. Before selecting a pump
a builder must consider what task the pump is to perform, and this could be any of
the following:

B keeping excavations free from water;

m lowering the water table to a reasonable depth;

B moving large quantities of water such as the dewatering of a cofferdam;

m supplying water for general purposes.

Having defined the task the pump is required to carry out, the next step is to choose
a suitable pump, taking into account the following factors:

m Volume of water to be moved.

m Rate at which water is to be pumped.

m Height of pumping, which is the vertical distance from the level of the water to
the pump and is usually referred to as suction lift or head. It should be the
shortest distance practicable to obtain economic pumping.

m Height and distance to outfall or discharge point, usually called the delivery head.

m Loss due to friction in the length of hose or pipe, which increases as the diameter
decreases. In many pumps the suction and delivery hoses are marginally larger in
diameter than the pump inlet to reduce these frictional losses.

m Power source for pump, which can be a petrol engine, diesel engine or electric
motor. Pumps powered by compressed air are available, but these are unusual
on general building contracts.

Pumps in common use for general building works can be classified as follows:

m centrifugal;
m displacement;
m submersible.

CENTRIFUGAL PUMPS

These are classed as normal or self-priming. They consist of a rotary impeller that
revolves at high speed, forcing the water to the sides of the impeller chamber and
thus creating a vortex that sucks air out of the suction hose. Atmospheric pressure
acting on the surface of the water to be pumped causes the water to rise into the
pump, initiating the pumping operation. Normal centrifugal pumps are easy
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to maintain, but they require priming with water at the commencement of each
pumping operation. Where continuous pumping is required, such as in a basement
excavation, a self-priming pump should be specified. These pumps have a reserve
supply of water in the impeller chamber so that if the pump runs dry the reserve
water supply will remain in the chamber to reactivate the pumping sequence if the
water level rises in the area being pumped.

DISPLACEMENT PUMPS

These are either reciprocating or diaphragm pumps. Reciprocating pumps work
by the action of a piston or ram moving within a cylinder. The action of the piston
draws water into the cylinder with one stroke and forces it out with the return
stroke, resulting in a pulsating delivery. Pumps of this type can have more than one
cylinder, forming what is called a duplex (two-cylinder) or triplex (three-cylinder)
pump. Some reciprocating pumps draw water into the cylinder in front of the
piston and discharge at the rear of the piston: these are called double-acting pumps,
as opposed to the single-acting pumps where the water moves in one direction only
with the movement of the piston. Although highly efficient and capable of increased
capacity with increased engine speed, these pumps have the disadvantage of being
unable to handle water containing solids.

Displacement pumps of the diaphragm type can, however, handle liquids
containing 10-15% of solids, which makes them very popular. They work on
the principle of raising and lowering a flexible diaphragm of rubber or rubberised
canvas within a cylinder by means of a pump rod connected via a rocker bar to an
engine crank. The upward movement of the diaphragm causes water to be sucked
into the cylinder through a valve; the downward movement of the diaphragm closes
the inlet valve and forces the water out through another valve into the delivery
hose. Diaphragm or lift and force pumps are available with two cylinders and
two diaphragms, giving greater output and efficiency. Typical pump examples
are shown in Fig. 2.2.5.

SUBMERSIBLE PUMPS

These are used for extracting water from deep wells and sumps (see Fig. 3.1.6),
and are suspended in the water to be pumped. The power source is usually an
electric motor to drive a centrifugal unit, which is housed in a casing with an
annular space to allow the water to rise upwards into the delivery pipe or rising
main. Alternatively an electric submersible pump with a diaphragm arrangement
can be used where large quantities of water are not involved.

B ROLLERS

Rollers are designed to consolidate filling materials and to compact surface finishes
such as tarmacadam for paths and pavings. The roller equipment used by building
contractors is basically a smaller version of the large rollers used by civil engineering
contractors for roadworks. Rollers generally rely upon deadweight to carry out
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Typical outputs: Central lifting point
157 m%h at 8.3 m total head
114 m¥%h at 15.3 m total head
68 m/h at 19.8 m total head

Running time on full tank: Vacuum pump

21 hours
Air-cooled .
diesel engine l—Top of delivery flange
1 uq"::::::::;'n.
M0 e | Vacuum gauge
Protected |ﬁ"|i,|"“m” gaug
engine ] ‘ i‘ I Cast aluminium
shaft o Ifffh | jiisiiiie primary tank
AL | L“H“ l‘""lllld!l‘ R } o
= [ ¢
it (N ‘"“ Iy 100 mm dia. -
Jack i ) 100 mn .
stand Q@
L /. S
Chassis with built-in 81 litre fuel tank
Typical self-priming centrifugal pump
Output 12 m%h at Lifting 4-stroke air-cooled
18.3 m total head bar petrol engine
Self-priming up to
6 m suction lift
Pump body Fuel
tank
Towing handle
Chassis

50 mm diameter

inlet connection )
75 mm diameter

outlet connection
Typical diaphragm pump

Figure 2.2.5 Typical pumps (courtesy: Sykes Pumps and William R. Selwood)
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Overall length 4.500, overall width 1.840, overall height 2.680,
turning circle 5.500, overlap of rolls 100 mm giving total

rolling width of 1.600
Exhaust pipe

Enclosed driver’s cab
with toughened glass
windows
——— | 4-cylinder
diesel engine

Scarifier
/
Two 1.300 diameter 1.000 diameter
x 450 wide rear %x 900 wide
rolls front roll
Typical 6 tonne deadweight roller
Overall length 3.376, overall width 1.092, overall height 1.092,
width of rollers 890, deadweight 1,250 kg
Diesel-powered engine
Hand giving 3,300 vibrations
controls per minute
Water

Push bar I

S S S S S S S s

Double vibratory rollers
with water sprinkler system

Typical vibrating roller

Figure 2.2.6 Typical rollers (courtesy: Marshall Sons and Duomat)
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the consolidating operation or vibration as in the case of lightweight rollers.
Deadweight rollers are usually diesel powered and driven by a seated operator
within a cab. These machines can be obtained with weights ranging from 1 to
16 tonnes, which is distributed to the ground through two large-diameter rear wheels
and a wider but small front steering wheel. Many of these rollers carry water tanks
to add to the dead load and to supply small sparge or sprinkler pipes fixed over
the wheels to dampen the surfaces, thus preventing the adhesion of tar or similar
material when being rolled. These rollers are also available fitted with a scarifier to
the rear of the vehicle for ripping up the surfaces of beds or roads (see Fig. 2.2.6).
Vibrating rollers, which depend mainly upon the vibrations produced by the
petrol- or diesel-powered engine, can be hand guided or towed and are available
with weights ranging from 500 kg to 5 tonnes (see Fig. 2.2.6). These machines will
give the same degree of consolidation and compaction as their heavier deadweight
counterparts, but being lighter and smaller they can be manoeuvred into buildings
for consolidating small areas of hardcore or similar bed material. Single or double
rollers are available with or without water sprinkler attachments, and with
vibrations within the region of 3,000 vibrations per minute. Vibrating rollers are
particularly effective for the compaction and consolidation of granular soils.



EARTH-MOVING AND
EXCAVATION PLANT

The selection, management and maintenance of builders’ plant are particularly
important when considered in the context of earth-moving and excavation plant.
Before deciding to use any form of plant for these activities the site conditions
and volume of work entailed must be such that it will be an economic venture.
The difference between plant that is classified as earth-moving equipment and
excavating machines is very slight, because a piece of plant that is designed
primarily to excavate will also be capable of moving the spoil to an attendant
transporting vehicle, and, likewise, machines basically designed to move loose
earth will also be capable of carrying out excavation works to some degree.

To browse through the catalogues of plant manufacturers and hirers to try
and select a particular piece of plant is a bewildering exercise because of the wide
variety of choice available for all classes of plant. Final choice is usually based upon
experience, familiarity with a particular manufacturer’s machines, availability or
personal preference. There are many excellent works of reference devoted entirely
to the analysis of the various machines to aid the would-be buyer or hirer: therefore
in a text of this nature it is necessary only to consider the general classes of plant,
pointing out their intended uses and amplifying this with typical examples of the
various types without claiming that the example chosen is the best of its type but
only representative.

M BULLDOZERS AND ANGLEDOZERS

These machines are primarily a high-powered tractor with caterpillar or crawler
tracks and fitted with a mould board or blade at the front for stripping and oversite
excavations up to a depth of 400 mm (depending upon machine specification) by
pushing the loosened material ahead of the machine. For backfilling operations the
angledozer with its mould board set at an angle, in plan, to the machine’s centreline
can be used. Most mould boards can be set at an angle in either the vertical or the
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horizontal plane to act as an angledozer, and on some models the leading edge
of the mould board can be fitted with teeth for excavating in hard ground.
These machines can be very large, with mould boards of 1.200 to 4.000 m in width
X 600 mm to 1.200 m in height and a depth of cut up to 400 mm. Most bulldozers
and angledozers are mounted on crawler tracks, although small bulldozers with a
wheeled base are available. The control of the mould board is hydraulic, as shown
in Fig. 2.3.1. In common with other tracked machines one of the disadvantages of
this arrangement is the need for a special transporting vehicle such as a low loader
to move the equipment between sites.

Before any earth-moving work is started a drawing should be produced
indicating the areas and volumes of cut and fill required to enable a programme
to be prepared to reduce machine movements to a minimum. When large quantities
of earth have to be moved on a cut and fill basis to form a predetermined level or
gradient it is good practice to draw up a mass haul diagram indicating the volumes
of earth to be moved, the direction of movement, and the need to import more
spoil or alternatively remove the surplus spoil from site (see Fig. 2.3.2 for a typical
example).

B SCRAPERS

This piece of plant consists of a power unit and a scraper bowl, and is used to
excavate and transport soil where surface stripping, site levelling and cut and fill
activities are planned. They are particularly appropriate where large volumes are
encountered over a wide area, typical of civil engineering projects such as airfields
and highways. These machines are capable of producing a very smooth and accurate
formation level, and come in three basic types:

m crawler-drawn scraper;
m two-axle scraper;
m three-axle scraper.

The design and basic operation of the scraper bowl is similar in all three types.
It consists of a shaped bowl with a cutting edge that can be lowered to cut the
top surface of the soil up to a depth of 300 mm. As the bowl moves forward the
loosened earth is forced into the container, and when full the cutting edge is raised
to seal the bowl. To ensure that a full load is obtained, many contractors use a
bulldozer to act as a pusher over the last few metres of scrape. The bowl is emptied
by raising the front apron and ejecting the collected spoil or, on some models, by
raising the rear portion and spreading the collected spoil as the machine moves
forwards.

The crawler-drawn scraper consists of a four-wheeled scraper bowl towed
behind a crawler power unit. The speed of operation is governed by the speed of the
towing vehicle, which does not normally exceed 8§ km/h when hauling and 3 km/h
when scraping. For this reason this type of scraper should be used only on small
hauls of up to 300.000 m. The two-axle scraper which has a two-wheeled bowl
pulled by a two-wheeled power unit, has advantages over its four-wheeled power
unit or three-axle counterpart in that it is more manoeuvrable, offers less rolling
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resistance, and has better traction because the engine is mounted closer to the
driving wheels. The three-axle scraper, however, can use its top speed more
frequently, is generally easier to control, and the power unit can be used for other
activities, which is not possible with most two-axle scraper power units. Typical
examples are shown in Fig. 2.3.3. Scraper bowl heaped capacities of the machines
described above range from 5 to 50 m’.

To achieve maximum output and efficiency of scrapers the following should be
considered:

® When working in hard ground the surface should be pre-broken by a ripper or
scarifier, and assistance in cutting should be given by a pushing vehicle. Usually
one bulldozer acting as a pusher can assist three scrapers if the cycle of scrape,
haul, deposit and return is correctly balanced.

m Where possible, the cutting operation should take place downhill to take full
advantage of the weight of the unit.

m Haul roads should be kept smooth to enable the machine to obtain maximum
speeds.

m Recommended tyre pressures should be maintained, otherwise extra resistance to
forward movement will be encountered.

B GRADERS

These are similar machines to bulldozers in that they have an adjustable mould
blade either fitted at the front of the machine or slung under the centre of the
machine’s body. They are used for finishing to fine limits large areas of ground
that have been scraped or bulldozed to the required formation level. These
machines can be used only to grade the surface because their low motive power
is generally insufficient to enable them to be used for oversite excavation work.

B TRACTOR SHOVEL

This machine, which is sometimes called a loading shovel, is basically a power
unit in the form of a wheeled or tracked tractor with a hydraulically controlled
bucket mounted in front of the vehicle. It is one of the most versatile pieces of
plant available to the building contractor. Its primary function is to scoop up loose
material in the bucket, raise the loaded spoil and manoeuvre into a position to
discharge its load into an attendant lorry or dumper. The tractor shovel is driven
towards the spoil heap with its bucket lowered almost to ground level, and uses
its own momentum to force the bucket to bite into the spoil heap, thus filling the
scoop or bucket.

Instead of the straight cutting edge to the lower lip of the bucket the shovel
can be fitted with excavating teeth, enabling the machine to carry out excavating
activities such as stripping topsoil or reduce-level digging in loose soils. Another
popular version of the tractor shovel is fitted with a 4-in-1 bucket, which enables
the machine to perform the functions of bulldozing, excavating and loading (see
Fig. 2.3.4). Other alternatives to the conventional front-discharging machine are



Overall dimensions: length 15.300 — Hydraulically operated
height 4.300 scraper bowl with

capacities of:

heaped 33.5 m®

struck 24.5 m®

Protective cab

Width of cut 3.650
Max. depth of cut 400 mm
Max. depth of spread 500 mm

8-cylinder diesel
engine with top
speed of 53 km/h
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Figure 2.3.3 Typical two- and three-axle scraper details (courtesy: Caterpillar)
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Overall dimensions: length (bucket on ground) 4.300
width (bucket) 1.800

Maximum lifting height 4.675
Top speeds: forward 6.7 km/h, reverse 8.2 km/h
Width of tracks 300 mm

AN
2\ N, Robust glazed cab/roll bar
Highest ; )\\. l> with all-round vision
dumping‘/A RANY
i /N N\
position ) s .
: AN
Diesel
engine

S 116 litre
~ fuel tank
0.75m?®
4-in-1 — Ground
bucket —— ¥~ clearance
! 200 mm
7
— Cutting edge
Replaceable teeth Six welded on
for bucket teeth bucket teeth
Clam
Attachment section

hinge “

Mould blade
section

Clam cutting
edge

Mould blade
cutting edge
Grab teeth

Typical 4-in-1 bucket details

Figure 2.3.4 Typical tractor shovel
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shovels that discharge at the rear by swinging the bucket over the top of the tractor,
and machines equipped with shovels that have a side discharge facility enabling

the spoil to be tipped into the attendant haul unit parked alongside, thus saving

the time normally taken by the tractor in manoeuvring into a suitable position to
discharge its load. Output of these machines is governed largely by the bucket
capacity, which can be from 0.5 to 4 m®, and the type of soil encountered.

B EXCAVATING MACHINES

Most excavating machines consist of a power unit, which is normally a diesel
engine, and an excavating attachment designed to perform a specific task in a certain
manner. These machines can be designed to carry out one specific activity with the
excavating attachment hydraulically controlled, or the plant can consist of a basic
power unit capable of easy conversion by changing the boom, bucket and rigging
arrangement to carry out all the basic excavating functions. Such universal
machines are usually chosen for this adaptability because the bucket sizes and
outputs available of both versions are comparable.

B SKIMMER

These machines are invariably based on the universal power unit, and consist of

a bucket sliding along a horizontal jib. The bucket slides along the jib, digging

away from the machine. Skimmers are used for oversite excavation up to a depth

of 300 mm where great accuracy in level is required, and they can achieve an output
of some 50 bucket loads per hour. To discharge the spoil the boom or jib is raised
and the power unit is rotated until the raised bucket is over the attendant haulage
vehicle, enabling the spoil to be discharged through the opening bottom direct

into the haul unit (see Fig. 2.3.5).

B FACE SHOVEL

This type of machine can be used as a loading shovel or for excavating into the

face of an embankment or berm. Universal power unit or hydraulic machines are
available with a wide choice of bucket capacities, achieving outputs in the region of
80 bucket loads per hour. The discharge operation is similar to that described above
for the skimmer except that in the universal machine the discharge opening is at the
rear of the bucket whereas in the hydraulic machines discharge is from the front of
the bucket (see Figs 2.3.4 and 2.3.6). These machines are limited in the depth to
which they can dig below machine level; this is generally within the range 300 mm
to 2.000 m.

B BACKACTER

This piece of plant is probably the most common form of excavating machinery
used by building contractors for excavating basements, pits and trenches.
Universal power unit and hydraulic versions are available, the latter often
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Bucket capacities up to 1.53 m®
with larger operational dimensions
for use with larger power machines
are available

0.5 m® bucket Bucket raised in
with front discharge tucked position
of spoil shown

in maximum

discharge ~
position )
H
I Diesel-powered crawler-
R [N P S mounted convertible
O S A power unit with 360°
H‘ i N = slewing capacity
s AN
T} A
i Hr\ s \'\
N
) L
Lo~
~IT
o
~
<
o Jib hoist

ropes \

Machine moves
backwards
during digging
operation

Bucket
rope

5.650

Maximum digging reach 9.600 measured from cutting
edge of bucket to centreline of slewing ring

Figure 2.3.7 'Typical backacter details (courtesy: Ruston-Bucyrus)
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sacrificing bucket capacity to achieve a greater reach from a set position.
Discharge in both types is by raising the bucket in a tucked position and
emptying the spoil through the open front end into the attendant haul unit

or alongside the trench. Outputs will vary from 30 to 60 bucket loads per hour,
depending upon how confined is the excavation area. Typical details are shown
in Figs 2.3.7 and 2.3.8.

B DRAGLINE

This type of excavator is essentially a crane with a long jib to which is attached a
drag bucket for excavating in loose and soft soils below the level of the machine.
This machine is for bulk excavation where fine limits are not of paramount
importance, because this is beyond the capabilities of the machine’s design. The
accuracy to which a dragline can excavate depends upon the skill of the operator.
Discharge of the collected spoil is similar to that of a backacter, being through the
open front end of the bucket (see Fig. 2.3.9). A machine rigged as a dragline can be
fitted with a grab bucket as an alternative for excavating in very loose soils below
the level of the machine. Outputs of dragline excavators will vary according to
operating restrictions from 30 to 80 bucket loads per hour.

B MULTI-PURPOSE EXCAVATORS

These machines are based upon a tractor power unit and are very popular with

the small to medium-sized building contractor because of their versatility. The
tractor is usually a diesel-powered wheeled vehicle, although tracked versions are
available; both are fitted with a hydraulically controlled loading shovel at the front
and a hydraulically controlled backacting bucket or hoe at the rear of the vehicle
(see Fig. 2.3.10). It is essential that the weight of the machine is removed from the
axles during a backacting excavation operation. This is achieved by outrigger jacks
at the corners or by jacks at the rear of the power unit working in conjunction with
the inverted bucket at the front of the machine.

M TRENCHERS

These are machines designed to excavate trenches of constant width with
considerable accuracy and speed. Widths available range from 250 to 450 mm with
depths up to 4.000 m. Most trenchers work on a conveyor principle, having a series
of small cutting buckets attached to two endless chains, which are supported by a
boom that is lowered into the ground to the required depth. The spoil is transferred
to a cross-conveyor to deposit the spoil alongside the trench being dug; alternatively
it is deposited onto plough-shaped deflection plates that direct the spoil into
continuous heaps on both sides of the trench being excavated as the machine digs
along the proposed trench run. With a depth of dig of some 1.500 m outputs of

up to 2.000 m*® per minute can be achieved, according to the nature of the subsoil.
Some trenchers are fitted with an angled mould blade to enable the machine to
carry out the backfilling operation (see Fig. 2.3.11 for a typical example).
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*  PLANT FOR TRANSPORTATIO

Z

Movement of materials and/or personnel around and between building sites can be
very time-consuming and non-productive: therefore wherever economically possible
most contractors will use some form of mechanical transportation. The movement
required can be horizontal, vertical, or a combination of both directions. In the case
of horizontal and vertical movement of large quantities of water the usual plant
employed is a pump (already described in Chapter 2.2 on small powered plant).
Similarly the transportation of large quantities of concrete can be carried out by
using special pumping equipment, and this form of material transportation will

be considered in Chapter 2.5 on concreting plant.

M LORRIES AND TRUCKS

Transportation of operatives, machines and materials between sites is usually
carried out by using suitably equipped or adapted lorries or trucks, ranging

from the small pickup vehicle weighing less than 800 kg unladen to the very long
low-loaders used to convey tracked plant such as cranes and bulldozers. The small
pickup vehicle is usually based upon the manufacturer’s private car range and has
the advantages of lower vehicle excise duty than heavier lorries and the fact that
the driver does not require a heavy goods vehicle licence for trucks of less than

7.5 tonnes gross vehicle weight. To satisfy EU regulations trucks will be fitted
with tachographs for general use and specifically where travel distances exceed

50 km. These are particularly appropriate where the user is not regularly employed
as the driver, e.g. a roofer using the vehicle to transport tiles to a contract. Most
lorries designed and developed for building contractors’ use are powered by a diesel
engine, which is more economical and robust than the petrol engine although they
are heavier and dearer. With mileages in excess of 20,000 (32,000 km) per year
experienced by most contractors, diesel engines usually prove to be a worthwhile
proposition. A vast range of lorries are produced by the leading motor
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manufacturers, and are available with refinements such as tipping, tailhoist and
self-loading facilities using hydraulic lifting gear. Because lorries, trucks and
vans are standard forms of transportation encountered in all aspects of daily
living they will not be considered in detail in this text, but regulations made
under the Road Traffic Act, Vehicles (Excise) Act and Customs and Excise
Act must be noted.

87

The above legislation is very extensive and complex, dealing in detail with such
requirements as: the minimum driving ages for various types of vehicle; limitations
of hours of duty; maximum speed limits of certain classes of vehicle; vehicle lighting

regulations; construction, weight and equipment of motor vehicles and trailers;

testing requirements; and the rear-marking regulations for vehicles over 13.000 m

long. Most of the statutory requirements noted above will be incorporated into

the design and finish of the vehicle as purchased, but certain regulations regarding
such matters as projection of loads, maximum loading of vehicles and notifications
to be given to highway authorities, police forces and the Department for Transport

are the direct concern of the building contractor. Precise information on these

requirements can be found in the Road Traffic (Authorisation of Special Types)

(General) Order 2002 together with any subsequent amendments. Note that
excise regulations are the builder’s and vehicle supplier’s responsibility.

DUMPERS

These are one of the most versatile, labour-saving and misused pieces of plant
available to the builder for the horizontal movement of materials ranging from
bricks to aggregates, sanitary fittings to scaffolding, and fluids such as wet
concrete. These diesel-powered vehicles require only one operative, the driver,
and can traverse the rough terrain encountered on many building sites. Many
sizes and varieties are produced, giving options such as two- or four-wheel
drive, hydraulic- or gravity-operated container, side or high-level discharge,
self-loading facilities and specially equipped dumpers for collecting and
transporting crane skips. Specification for dumpers is usually given by
quoting the container capacity in litres for heaped, struck and water levels
(see Fig. 2.4.1 for typical examples).

FORKLIFT TRUCKS

Forklift trucks for handling mainly palleted materials quickly and efficiently around

building sites over the rough terrain normally encountered have rapidly gained in

popularity since their introduction in the early 1970s. This popularity was probably
promoted by the shortage and cost of labour at that time, together with the need for
the rapid movement of materials with a low breakage factor. Designs now available

offer the choice of front- or rear-wheel drive and four-wheel drive with various

mast heights and lifting capacities (typical details are shown in Fig. 2.4.2). Although
these machines can carry certain unpalleted materials, this activity will require hand

loading, which reduces considerably the economic advantages of machine-loading

palleted materials.
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Single- or twin-cylinder
diesel engine giving
forward speeds up to

19 km/h and reverse
speeds up to 4.6 km/h —

Roll bar ———»,

Sprung steel seat

Welded steel plate
gravity-tipping two-
position skip with
capacities of:
heaped 0.6 m®
struck 0.44 m®
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Skip in
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= o~ . \ \
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Steering o
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Single- or twin-cylinder
diesel engine giving
forward speeds up to

19 km/h and reverse
speeds up to 4.6 km/h —

Overall dimensions: length 2.724

— Welded steel plate skip
mounted on a turntable
which can be manually
rotated through 180° and
stopped in five set
positions and hydraulically
tipped
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water level r ——ﬁ.—ll
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/
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Figure 2.4.1 Typical diesel dumpers
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B ELEVATORS AND CONVEYORS

The distinction between an elevator and a conveyor is usually one of direction of
movement, in that elevators are considered as those belts moving materials mainly
in the vertical direction, whereas conveyors are a similar piece of plant moving
materials mainly in the horizontal direction. Elevators are not common on building
sites but, if used wisely, can be economical for such activities as raising bricks or
roofing tiles to the fixing position. Most elevators consist of an endless belt with
raised transverse strips at suitable spacings against which can be placed the
materials to be raised, usually to a maximum height of 7.000 m. Conveyors or
endless belts are used mainly for transporting aggregates and concrete and are
generally considered economic only on large sites where there may be a large
concrete-mixing complex.

HOISTS

Hoists are a means of transporting materials or passengers vertically by means
of a moving level platform. Generally, hoists are designed specifically to lift
materials or passengers, but recent designs have been orientated towards

the combined materials/passenger hoist. Note that under no circumstances
should passengers be transported on hoists designed specifically for lifting
materials only.

Materials hoists come in basically two forms, the static and mobile models.
The static version consists of a mast or tower with the lift platform either
cantilevered from the small section mast or centrally suspended with guides on
either side within an enclosing tower. Both forms need to be plumb and tied to
the structure or scaffold at the intervals recommended by the manufacturer to
ensure stability. Mobile hoists usually have a maximum height of 24.000 m and
do not need tying to the structure unless extension pieces are fitted, when they
are then treated as a cantilever hoist. All mobile hoists should be positioned on a
firm level base and jacked to ensure stability (see Fig. 2.4.3). The operation of a
materials hoist should be entrusted to a trained driver who has a clear view from
the operating position. Site operatives should be instructed as to the correct loading
procedures, such as placing barrows on the hoist platform at ground level with
the handles facing the high-level exit so that walking onto the raised platform is
reduced to a minimum.

Passenger hoists, like the materials hoist, can be driven by a petrol, diesel or
electric motor, and can be of a cantilever or enclosed variety. The cantilever type
consists of one or two passenger hoist cages operating on one or both sides of the
cantilever tower; the alternative form consists of a passenger hoist cage operating
within an enclosing tower. Tying-back requirements are similar to those needed
for the materials hoist. Passenger and material hoists should conform to the
recommendations of BS 7212: Code of practice for safe use of construction hoists.
Typical hoist details are shown in Fig. 2.4.4.
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Figure 2.4.3 Typical materials hoist (courtesy:
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Figure 2.4.4 Typical passenger hoist (courtesy: Linden Alimark)
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B THE LIFTING OPERATIONS AND LIFTING
EQUIPMENT REGULATIONS 1998

These regulations, known by the acronym LOLER, were made under the Health
and Safety at Work etc. Act 1974. The regulations provide an extensive checklist
with regard to assessment of risk in the use of hoists. The following is a brief
summary of the main points:

m Wherever access can be gained, and wherever anyone at ground level could
be struck by the platform or counterweight, enclosures and gates should be
at least 2.000 m high. Access gates must be kept closed at all times except
for the necessary loading and unloading of the platform. The platform
itself must be fitted with a device capable of supporting a full load in the
event of the hoist ropes or hoisting gear failing. Furthermore, the hoist
must be fitted with an automatic device to prevent the platform or cage
over-running.

m Hoist operation is to be from one point only at all times if not controlled from
the cage itself. The operator must have a clear view of the hoist throughout its
entire travel. If this is not possible, auxiliary visibility devices or a signaller or
banksman must be located to cover all landings.

m Winches and carriers must have independent devices to prevent free fall
and an automatic braking system that is applied whenever the controls are
not in the normal operating position. Also, multiple roping or cylinders
(hydraulic hoists) and equipment with high factors of safety should be a
standard facility.

m Safe working loads (SWL) in terms of materials and/or maximum number
of passengers to be carried must be displayed on all platforms and associated
equipment. Other acceptable terms that may be used include rated capacity
or working load limit.

® Examination and inspection include the engagement of appropriately trained
and competent employees, capable of ensuring that a hoist is safe to use.
Pre-use checks should be conducted at the beginning of each working day,
after alterations to height and after repairs. Thorough and detailed examination
of all components will be necessary at periodic intervals determined by the
degree of exposure and nature of the work. All examinations and inspections
must be recorded and filed.

m Passenger-carrying hoists specifically require the cages to be constructed in such
a manner that passengers cannot fall out, become trapped or struck by objects
falling down the hoistway. Other requirements include the need for gates that
will prevent the hoists being activated until they are closed and which can be
opened only at landing levels. Over-run devices must also be fitted at the top
and bottom of the hoistway.

m Facilities for the prevention of movement or tipping of materials during
transportation by hoist are essential. Security of loads such as loose materials
should be provided by suitable containers such as wheelbarrows that are scotched
or otherwise restrained.
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B CRANES

A crane may be defined as a device or machine for lifting loads by means of a rope.
The use of cranes has greatly increased in the construction industry, mainly because
of the need to raise the large and heavy prefabricated components often used in
modern structures. The range of cranes available is very wide, and therefore actual
choice must be made on a basis of sound reasoning, overall economics, capabilities
of cranes under consideration, prevailing site conditions and the anticipated
utilisation of the equipment.

The simplest crane of all consists of a single-grooved wheel, over which the rope
is passed, suspended from a scaffold or beam, and is called a gin wheel. The gin
wheel is manually operated and always requires more effort than the weight of the
load to raise it to the required height. It is suitable only for light loads such as, for
example, a bucketful of mortar and is normally used only on very small contracts.
To obtain some mechanical advantage the gin wheel can be replaced by a pulley
block that contains more than one pulley or sheave; according to the number and
pattern of sheaves used the lesser or greater is the saving in effort required to move
any given load.

Another useful but simple crane that can be employed for small, low-rise
structures is the scaffold crane, which consists of a short jib counterbalanced
by the small petrol or electric power unit. The crane is fastened to a specially
reinforced scaffold standard incorporated within the general scaffold framework,
with extra bracing to overcome the additional stresses as necessary. The usual
maximum lifting capacity of this form of crane is 200 kg.

Apart from these simple cranes for small loads most cranes come in the more
recognisable form. Subdivision of crane types can be very wide and varied, but one
simple method of classification is to consider cranes under three general headings:

m mobile cranes;
B static or stationary cranes;
B tower cranes.

MOBILE CRANES

Mobile cranes come in a wide variety of designs and capacities, generally with a
360° rotation or slewing circle, a low pivot and luffing jib, the main exception being
the mast crane. Mobile cranes can be classed into five groups:

m self-propelled cranes;
m lorry-mounted cranes;
m track-mounted cranes;
B mast cranes;

B gantry cranes.

Self-propelled cranes

These are wheel-mounted mobile cranes that are generally of low lifting capacities
of up to 10 tonnes. They can be distinguished from other mobile cranes by the fact
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that the driver has only one cab position for both driving and operating the crane.
They are extremely mobile, but to be efficient they usually require a hard, level
surface from which to work. Road speeds obtained are in the region of 30 km/h.
The small-capacity machines have a fixed boom or jib length, whereas the high-
capacity cranes can have a sectional lattice jib or a telescopic boom to obtain various
radii and lifting capacities. In common with all cranes, the shorter the lifting radius
the greater will be the lifting capacity (see Fig. 2.4.5 for a typical example).

Lorry-mounted cranes

These consist of a crane mounted on a specially designed lorry or truck. The
operator drives the vehicle between sites from a conventional cab but has to

operate the crane engine and controls from a separate crane-operating position.

The capacity of lorry-mounted cranes ranges from 5 to 20 tonnes in the free-
standing position, but this can be increased by using the jack outriggers built into
the chassis. Two basic jib formats for this type of crane are available: the folding
lattice jib and the telescopic jib. Most cranes fitted with folding jibs are designed for
travelling on the highway with the basic jib supported by a vertical frame extended
above the driving cab; extra jib lengths and fly jibs can be added upon arrival on site
if required (see Fig. 2.4.6). Telescopic jib cranes are very popular because of the
short time period required to prepare the crane for use upon arrival on site, making
them ideally suitable for short-hire periods (see Fig. 2.4.7 for a typical example).
Mobile lorry cranes can travel between sites at speeds of up to 48 km/h, which
makes them very mobile, but to be fully efficient they need a firm and level

surface from which to operate.

Track-mounted cranes

This form of mobile crane is usually based upon the standard power unit capable

of being rigged as an excavator. These cranes can traverse around most sites without
the need for a firm level surface, and have capacity ranges similar to those of the
lorry-mounted cranes. The jib is of lattice construction with additional sections

and fly jibs to obtain the various lengths and capacities required (see Fig. 2.4.8).
The main disadvantage of this form of mobile crane is the general need for a special
low-loading lorry to transport the crane between sites.

Mast cranes

These cranes are often confused with mobile tower cranes. The main
differences are:

m The mast is mounted on the jib pivots and held in the vertical position by ties.
m Cranes are high-pivot machines with a luffing jib.
m Operation is usually from the chassis of the machine.

Mast cranes can be either lorry- or track-mounted machines: see Fig. 2.4.9 for a
typical example. The main advantages of the high-pivot mast crane are that it is less
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Maximum main boom length 38.100, 3.000 long
which can be extended by using top boom
a 12.200 or 6.100 fly jib section

Typical lifting capacities for a
19.800 boom length
Outriggers extended:

15.5 tonnes at 4.600 radius

2.2 tonnes at 18.300 radius

Free on wheels: <—— Single to

5.8 tonnes at 6.100 radius eight falls

0.9 tonnes at 18.300 radius of rope

Operating speeds:

Hoisting 42.7 m/min with

single fall of rope to 5.2 m/min

with eight falls of rope

Derricking 45 seconds

maximum to minimum

travelling up to 9.6 km/h Hook
block

' 7.600 long
‘ standard
\' intermediate
[ boom section
Pendant ropes '
Hoist rope ‘ 4.600 long
" intermediate
' boom section
‘ fixed next to

Boom ) bottom boom

suspension \ section - only
—)

ropes [ = one per boom
' length

4.600 long bottom
boom section

K| & -
Fibreglass insulated cab
"\‘ with all-round vision

Diesel power unit with
360° slewing capacity
mounted on a two-
wheel drive chassis

% / 7,

Four outrigger stabilisers

Figure 2.4.5 Typical self-propelled crane (courtesy: Jones Cranes)
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li Jib head section
2

Maximum lifting capacity 55 tonnes
using 7.600 long jib at 3.680 radius
with outriggers and 15 tonnes free on
wheels

Operating speeds:

Hoisting 6.5 tonnes at 39.6 m/min
with single fall of rope

Derricking 40 seconds maximum
to minimum with 7.600 long jib

Maximum unladen road speed
45km/h

Hook
block

Pendant ropes

Extension
sections of
various lengths
to form jib
length required;
maximum length
of jib 54.864

Hoist rope

Jib suspension
ropes

Gantry mast

Diesel
engine

Jib foot section to lorry

Diesel engine power unit
with 360° slewing capacity

/ /.
Outrigger stabilisers

Figure 2.4.6 Typical lorry-mounted crane (courtesy: Coles Cranes)
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Fly jib attachment Three-part telescopic
available boom with maximum
lifting capacity of 7 tonnes
at 7.000 boom length

with 3.000 operating
radius, or 0.45 tonnes

at 15.500 boom length
with an operating radius
of 13.700
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falls of rope to ——
hook block

Hoist rope

Operating speeds:
Hoisting 1.75 tonnes at 48.76 m/min
with single fall of rope

Derricking 10 seconds maximum

to minimum

Unladen road travelling speed

64 km/h

Twin double-acting
hydraulic derricking

All-round vision rams

cab housing
road travelling
and crane
operating
controls

Diesel-powered lorry —

Note: Duplicate Z
crane controls | S— ==:: 7 S
are housed in — E4 e = : 3 =
compartment at 4 @ ©

rear of lorry

gﬂ/

Outrigger stabilisers

Figure 2.4.7 Lorry-mounted telescopic crane (courtesy: Coles Cranes)
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9.000 or 12.000 fly jibs can be
added to any boom length to
give a maximum combined length
of 51.800

Fly jib stay rope

Single
fall
block

maximum lifting
capacity for any
combination

5.5 tonnes

Typical fly
jib detail

3.000 or 6.000
boom sections
to make up a
maximum boom
length of 27.000
lifting 14 tonnes
at 7.600 radius
to 2 tonnes at
26.000 radius

Pendant

Hoist rope

Boom
suspension

rope Maximum boom length

using single fall block

is 48.700 with lifting
capacities of 3 tonnes at
13.700 radius and 0.7 tonnes
at 33.500 radius

~<—— Convertible diesel
crawler power unit

e
Figure 2.4.8 Typical track-mounted crane (courtesy: Thomas Smith & Sons)
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Jib luffed at 45° to give
maximum working radius
of 10.700 with maximum
lifting capacity of 550 kg at
end of jib

|
]

Height under
hook 24.710

Jib holding rope

15.000 long
luffing jib

Maximum load at end of jib 550 kg

Maximum load 900 kg at 9.500 radius

. i
v

Height under
hook 14.000

l«—— Self-erecting mast and jib,
which folds onto slewing
platform chassis for towing
by standard vehicle

Hoisting speed 12 to 24 m/min
Trolley speed 33 m/min
Slewing speed 1.3 rpm

Base rotation radius 2.420
Crane all electric powered

—~——— Winch housing encloses
winch, engine and ballast

|
|

Slewing ring
Stabilising and levelling jacks

Figure 2.4.9 Typical mobile mast crane (courtesy: Manitou)
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likely to foul the side of a building under construction, and it can approach closer to
the structure than a low-pivot machine of equivalent capacity and reach. This can
be of paramount importance on congested sites.

Gantry cranes

The gantry or portal crane is a rail-mounted crane consisting of a horizontal
transverse beam that carries a combined driver’s cab and hook-supporting saddle.
The beam is supported by rail-mounted ‘A’ frames on powered bogies situated

on both sides of the building under construction. This is a particularly safe form

of crane as it requires no ballast, gives the driver an excellent all-round view,

and allows the hook three-way movement in vertical, horizontal and transverse
directions. Although limited in application, this special form of mobile crane can be
very usefully and economically employed on repetitive and partially prefabricated
blocks of medium-rise dwellings.

STATIC OR STATIONARY CRANES

These cranes are fixed at their working position and are used primarily for
lifting heavy loads such as structural steelwork. Although more common on
civil engineering contracts they can be successfully and economically employed
by building contractors.

Guyed derrick

This is a simple and inexpensive form of static crane powered by a diesel engine or
electric motor. It consists of a lattice mast with a pedestal bearing stabilised by five
or more anchored guy ropes. The jib is of the low-pivot type and is slightly shorter
in length than the mast height so that it can rotate through the whole 360° without
fouling the guy ropes if raised in the near-vertical position (see Fig. 2.4.10 for
typical details).

Scotch derrick

This consists of a slewing mast and a luffing jib that is usually longer than the

jib used on a similar-capacity guyed derrick. Stabilisation of a scotch derrick is
obtained by using lattice members called guys and stays. Two guys are fixed to the
top of the slewing mast at an angle of 45° to the horizontal and at an angle of 90° in
plan; the lower ends of the guys are connected to the ends of horizontal stays fixed
to the base of the mast, forming an angle of 90° in plan. A horizontal brace is fixed
between the ends of the guys and stays, forming a complete triangulation of the
stabilising members together with the mast. Scotch derricks are capable of slewing
only 270°, being restricted in further rotational movement by the sloping lattice
guys. Resistance to overturning can be provided by kentledge applied to the struts
and brace, or these members can be bolted to temporary concrete bases. The power
can be supplied by a diesel engine, but the common power source is an electric
motor (for typical details see Fig. 2.4.10).
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Monotower cranes

These are basically an elevated scotch derrick crane consisting of a fabricated and
well-braced tower surmounted by a derrick crane, the mast of which extends to a
pivot bearing well down the height of the tower. The tower can be up to 60.000 m
in height with a jib length of some 40.000 m, capable of raising 2 tonnes at its
maximum radius. To be economic this form of crane needs to be centrally sited

to give maximum site coverage.

TOWER CRANES

Since their introduction in 1950 by the then Department of Scientific and
Industrial Research the tower crane has been universally accepted by the building
industry as a standard piece of plant required for construction of medium- to
high-rise structures. These cranes are available in several forms with a horizontal
jib carrying a saddle or a trolley, or alternatively with a luffing or derricking jib
with a lifting hook at its extreme end. Horizontal jibs can bring the load closer

to the tower, whereas luffing jibs can be raised to clear obstructions such as
adjacent buildings, an advantage on confined sites. The basic types of tower
crane available are:

m self-supporting static tower cranes;
m supported static tower cranes;

m travelling tower cranes;

B climbing cranes.

Self-supporting static tower cranes

These cranes generally have a greater lifting capacity than other types of crane. The
mast of the self-supporting tower crane must be firmly anchored at ground level to a
concrete base with holding-down bolts or alternatively to a special mast base section
cast into a foundation. They are particularly suitable for confined sites, and should
be positioned in front or to one side of the proposed building with a jib of sufficient
length to give overall coverage of the new structure. Generally these cranes have a
static tower, but types with a rotating or slewing tower and luffing jib are also
available (see Fig. 2.4.11 for a typical self-supporting crane example).

Supported static tower cranes

These are similar in construction to self-supporting tower cranes but are used

for lifting to a height in excess of that possible with self-supporting or travelling
tower cranes. The tower or mast is fixed or tied to the structure using single or
double steel stays to provide the required stability. This tying back will induce
stresses in the supporting structure, which must therefore be of adequate strength.
Supported tower cranes usually have horizontal jibs, because the rotation of a
luffing jib mast renders it unsuitable for this application (see Fig. 2.4.12 for a
typical example).



Concrete
ballast
blocks

Superstructure
Jib holding rope

14.000 long
counterjib

Walkway ——

3.000 long x 1.200 x 1.200

Access ladder within
tower structure

Operator’s cabin
Load at

Slewing ring maximum

radius 1 tonne

Load at 15.000 ‘ 35.000 long triangular
section lattice jib

tower extension sections ————

Outriggers

Two stacks of ballast

blocks evenly distributed
on opposite sides of
tower

Maximum height of tower 27.400

Cruciform base

radius 2.5 tonnes V*

Hoisting speeds: at maximum radius 60 m/min
Hoisting speeds: at 15.000 radius 30 m/min

Minimum hoisting radius 1.800
Slewing speed 1.1 rpm

Crane can be operated from ground level using
portable remote controller; automatic cut-outs
prevent overloading of crane; electrical power
supply required: 400 V, three phase, 50 Hz

Figure 2.4.11 Typical self-supporting static tower crane (courtesy: Stothert & Pitt)

Height under
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21.000 long counterweight jib

Slewing tower with operator’s cabin —1

Maximum height under hook 61.000

Building under construction

Saddle or main jib lengths
from 20.000 to 45.000

Lifting capacities 3.500 tonnes
at maximum radius to 12 tonnes
at 14.000 radius

Saddle speed 35 m/min
Lifting speeds from 31.7 m/min
to 108 m/min according to load

Crane electric powered

Anchorages to

Plant for transportation

Windsail
required for
saddle jib

over 40.000 long

Minimum
clearance

maximum height above

30.000 or 6 extensions
last anchorage

1.900

building

6.000

6.000

Figure 2.4.12

<—— Main
telescopic
tower
tied to
structure

Chassis
carrying
central
ballast
anchored
to concrete
foundation

Up to approximately 63.500

Typical supported static tower crane (courtesy: Babcock Weitz)
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Travelling tower cranes

To obtain better site coverage with a tower crane a rail-mounted or travelling
crane could be used. The crane travels on heavy wheeled bogies mounted on a
wide-gauge (4.200 m) rail track with gradients not exceeding 1 in 200 and curves
not less than 11.000 m radius depending on mast height. It is essential that the
base for the railway track sleepers is accurately prepared, well drained, regularly
inspected and maintained if the stability of the crane is to be ensured. The motive
power is electricity, the supply of which should be attached to a spring-loaded
drum, which will draw in the cable as the crane reverses to reduce the risk of the
cable becoming cut or trapped by the wheeled bogies. Travelling cranes can be
supplied with similar lifting capacities and jib arrangements as given for static
cranes (see Fig. 2.4.13 for a typical example).

Climbing cranes

These are designed for tall buildings, being located within and supported by the
structure under construction. The mast, which extends down through several
storeys, requires only a small (1.500 to 2.000 m square) opening in each floor.
Support is given at floor levels by special steel collars, frames and wedges. The
raising of the static mast is carried out using a winch that is an integral part of
the system. Generally, this form of crane requires a smaller horizontal or luffing
jib to cover the construction area than a static or similar tower crane. The jib is
made from small, easy-to-handle sections, which are lowered down the face of
the building, when the crane is no longer required, by means of a special winch
attached to one section of the crane. The winch is finally lowered to ground level
by hand when the crane has been dismantled (see Fig. 2.4.14 for typical crane
details).

CRANE SKIPS AND SLINGS

Cranes are required to lift all kinds of materials, ranging from prefabricated
components to loose and fluid materials. Various skips or containers have been
designed to carry loose or fluid materials (see Fig. 2.4.15). Skips should be of
sound construction, easy to attach to the crane hook, easily cleaned, easy to load
and unload and of a suitable capacity. Prefabricated components are usually
hoisted from predetermined lifting points by using wire or chain slings

(see Fig. 2.4.15).

WIRE ROPES

Wire ropes consist of individual wires twisted together to form strands, which are
then twisted together around a steel core to form a rope or cable. Ordinary lay
ropes are formed by twisting the wires in the individual strands in the opposite
direction to the group of strands, whereas in Lang’s lay ropes the wires in the
individual strands are twisted in the same direction as the groups of strands.



Jib holding rope

N2 I -

Saddle jib of triangular tubular
lattice construction with a maximum
lifting capacity of 1 tonne at a

radius of 35.000 and 3.000 tonnes

at a radius of 14.000

Lifting speeds 60 m/min up to 1.2 tonne loading
to 30 m/min at 3 tonne loading

Saddle speed 30 m/min

Slewing speed 0.83 rpm

Crane travelling speed 20 m/min

Crane electric powered, controlled from

base of crane

36.000 maximum

3.200 gauge level track fixed to timber
sleepers with 37 mm diameter tie bolts

at 6.000 centres to opposite rails; minimum
inner radius for curved track 10.000

|
DN NNAANANNNNN/N

L 12.000 long

counterweight jib

NANTANN/S

3.000 high sections
to telescopic tower
to form standing
crane

Central ballast evenly
distributed to both

sides of tower connected
to rail-mounted chassis
with two electric
power-driven bogies

/|

Figure 2.4.13 Typical travelling tower crane (courtesy: Richier International)
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Capacities from

0.07 m®to
0.57 m®

Typical
capacity
0.28 m®

Discharge
handle

Figure 2.4.15
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Typical capacity 0.28 m®

Pressed
steel
container

Pressed
steel
container

Discharge
handle

Tipping skip Bottom discharge skip

Pressed
steel
container

] Discharge
Pressed handle

steel
container
Typical
capacities
0.23m?%and
0.34m?

Dumper skip

Ring to secure
sling to crane
hook

Two leg 0o

Hook with safety catch
alternative — special
shape to hook to prevent
load coming off hook

Crane sling

Typical crane skips and sling



110 Advanced Construction Technology

Lang’s lay ropes generally have better wearing properties thanks to the larger
surface area of the external wires, but they have the tendency to spin if the ends of
the rope are not fixed. For this reason ordinary lay ropes with a working life of up
to two years are usually preferred for cranes. All wire ropes are lubricated during
manufacture, but this does not preclude the need to clean and lubricate wire ropes
when exposed to the elements. Under Regulation No. 9 of the Lifting Operations
and Lifting Equipment Regulations 1998 wire ropes must be inspected before use
and given a thorough examination every six months, the results being recorded on
the appropriate form.

B THE LIFTING OPERATIONS AND LIFTING
EQUIPMENT REGULATIONS 1998 — SEE ALSO PAGE 93

These regulations detail the minimum requirements for lifting appliances, chains,
ropes and lifting gear. The main points include the following:

m Examination of all forms of lifting gear to ensure sound construction, materials
appropriate for the conditions of use, adequate strength for the intended task,
retention in good order, and inspection at regular intervals depending on use
and exposure as determined by a competent person.

m Adequate support, strength, stability, anchoring, fixing and erection of lifting
appliances to include an appropriate factor of safety against failure.

m Travelling and slewing cranes require a 500 mm (preferably 600 mm) wide
minimum clearance wherever practicable between the appliance and fixtures
such as a building or access scaffold. If such a clearance cannot be provided,
movement between the appliance and fixture should be prevented.

m Safe means of access is required for the crane operator and the signaller. If the
access platform is above ground it must be of adequate size, close boarded or
plated, provided with guard rails at least 950 mm above platform level with toe
boards at least 150 mm high. Any gap between the toe board and intermediate
guard rail or between guard rails must be no more than 470 mm. (See Chapter 1.5
in Construction Technology.)

m A cab or cabin is required for the crane operator; this must provide an
unrestricted view for safe use of the applicance. The cabin must have adequate
protection from the weather and harmful substances, with a facility for
ventilation and heating. The cabin must also allow access to the machinery
for maintenance work.

m Equipment that can be adapted for various operating radii and other
configurations must be clearly marked with corresponding safe working loads for
these variables.

m Brakes, controls and safety devices must be clearly marked to prevent accidental
operation or misuse.

m Safe means of access are to be provided for examination, repair and servicing,
particularly where there is a possibility of a person falling from any height.

m Strength and fixing requirements for equipment supporting pulley blocks and
gin wheels must be ascertained.
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m Stability of lifting appliances on soft ground, uneven surfaces and slopes must be
considered. Cranes must be either anchored to the ground or to a foundation, or
suitably counterweighted or stabilised to prevent overturning.

m Rail-mounted cranes must have a track laid and secured on a firm foundation to
prevent risk of derailment. There must be provision for buffers, effective braking
systems and adequate maintenance of both track and equipment.

m Strength requirements are to be assessed for mounting cranes on bogies, trolley
or wheeled carriages.

m Cranes (particularly those used for lifting persons) require hoisting and lowering
limiters in addition to capacity indicators and limiters.

m Measures must be taken to prevent a freely suspended load from moving
uncontrollably. Devices that could be fitted include: multiple ropes, pawl
and ratchet, check valves for hydraulics and safety nets.

m Cranes must be erected under planned conditions and the supervision of a
competent person.

m There are specific requirements for persons operating lifting equipment and for
signalling duties. Operators of lifting appliances must be trained, experienced
and over 18 years of age. If the operator cannot see the whole passage of a lift, an
efficient signalling system must be used. A signaller must be over 18 years of age,
and capable of giving clear and distinct communications by hand, mechanical or
electrical means.

m Testing, examination and inspections are required for all equipment. Chains,
slings, ropes, hooks, shackles, eyebolts, pulleys, blocks, gin wheels, sheer legs and
other small components are no less important than grabs and winches. All must
be tested and thoroughly examined before being put into operation. Further
thorough examination is required every 12 months (6 months if for lifting
persons), and inspections are to be conducted weekly and documented.

m All cranes must be clearly marked with their safe maximum working loads
relevant to lifting radius and maximum operating radius, particularly when
fitted with a derricking jib. Lifting equipment not designed for personnel
must be clearly marked as such.

m Jib cranes must be fitted with an automatic safe load indicator such as a warning
light for the operator and a warning bell for persons nearby.

m Except for testing purposes, the safe working load must not be exceeded.

m When loads are approaching the safe maximum load, the initial lift should be
short. A check should then be made to establish safety and stability before
proceeding to complete the lift.

Apart from the legal requirements summarised above, commonsense precautions
on site must be taken, such as the clear marking of high-voltage electric cables and
leaving the crane in an ‘out of service’ position when unattended or if storm or high
wind conditions prevail. Most tower cranes can operate in wind conditions of up to
60 km/h. The usual ‘out of service’ position for tower cranes is as follows:

1. Jibs to be left on free slew and pointed in the direction of the wind on the
leeward side of the tower.
2. Fuel and power supplies switched off.
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3. Load removed.

4. Hook raised to highest position.

5. Hook positioned close to tower.

6. Rail-mounted cranes should have their wheels chocked or clamped.

M ERECTION OF CRANES

Before commencing to erect a crane, careful consideration must be given to its
actual position on the site. As for all forms of plant, maximum utilisation is the
ultimate aim: therefore a central position within reach of all storage areas, loading
areas and activity areas is required. Generally, output will be in the region of 18 to
20 lifts per hour: therefore the working sequence of the crane needs to be carefully
planned and coordinated if full advantage is to be made of the crane’s capabilities.

The erection of mast and tower cranes varies with the different makes, but there
are several basic methods. Mast cranes are usually transported in a collapsed and
folded position and are quickly unfolded and erected on site, using built-in lifting
and erection gear. Tower cranes, however, have to be assembled on site. In some
cases the superstructure that carries the jib and counterjib is erected on the base
frame. The top section of the tower or pintle is raised by internal climbing gear
housed within the superstructure; further 3.000 m tower lengths can be added as
the pintle is raised until the desired tower height has been reached. The jib and
counterjib are attached at ground level to the superstructure, which is then raised
to the top of the pintle; this whole arrangement then slews around the static tower.

Another method of assembly and erection adopted by some manufacturers is
to raise the first tower section onto a concrete base, and then assemble the jib and
counterjib and fix these to the first tower section with the aid of a mobile crane.
Using the facilities of the jib, further tower sections can be fitted inside the first
section and elevated hydraulically on a telescopic principle; this procedure is
repeated until the desired height has been reached. A similar approach to the
last method is to have the jib and top tower section fixed to a cantilever bracket
arrangement so that it is offset from the main tower. Further sections can be added
to the assembly until the required height is reached when the jib assembly can be
transferred to the top of the tower.

A procedure using hydraulic jacks and climbing mast is shown in Fig. 2.4.16.
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Counterweight

4|—> ,"-4— Cab Jib
Climbing mast [

-+«— New mast section

Hydraulic jacks

Static mast ——=

Figure 2.4.16 Crane mast assembly



+  CONCRETE MIXERS AND PUMPS

The mixing and transporting of concrete and mortar mixes are important activities
on most building sites, from the very small to the very large contract. The choice
of method for mixing and transporting the concrete or mortar must be made on the
basis of the volume of mixed material required in any given time and also on the
horizontal and vertical transportation distances involved. Consideration must also
be given to the use of ready-mixed concrete, especially where large quantities are
required and/or site space is limited.

B CONCRETE MIXERS

Most concrete mixers used on building sites are derived from the minimum
recommendations of BS 1305: Specification for batch type concrete mixers. Although
obsolescent, this British Standard provides useful references for two basic forms:
the drum type or free-fall concrete mixer, and the pan type or forced action
concrete mixer. The drum mixers are subdivided into three distinct forms:

m Tilting drum (T) — in which the single-compartment drum has an inclinable
axis with loading and discharge through the front opening. This form of mixer
is primarily intended for small batch outputs ranging from 100T to 200T litres.
Note that mixer output capacities are given in litres for sizes up to 1,000 litres
and in cubic metres for outputs over 1,000 litres; a letter suffix designating the
type is also included in the title. In common with all drum mixers, tilting mixers
have fixed blades inside the revolving drum that lift the mixture and at a certain
point in each revolution allow the mixture to drop towards the bottom of the
drum to recommence the mixing cycle. The complete cycle time for mixing one
batch from load to reload is usually specified as 2'/2 minutes. Typical examples
of tilting drum mixers are shown in Fig. 2.5.1.

m Non-tilting drum (NT) — in which the single-compartment drum has two
openings, and rotates on a horizontal axis; output capacities range from 200NT



Concrete mixers and pumps
241 litre unmixed Drum mixes and discharges
170 litre mixed; on either side and completely
capacity: Steel inverts when out of use
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drum

Diesel engine or
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hand wheel
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balanced mixing
drum )
r— — Welded steel
| \ loading hopper
| \. raised, lowered
J 2 and held by
(_ ./7 double-acting
Drum discharge ) /»/'/' hydraulic ram
position // / with single
K lever control
. L]
600 mm Y
diameter § Y
hand wheel N X = Mixer
powered by

diesel engine
Pressed steel 9

road wheels

Z Z
Typical hopper fed tilting concrete mixer

Figure 2.5.1 Typical tilting drum mixers (courtesy: Liner Concrete Machinery)
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to 750NT. Loading is through the front opening and discharge through the rear
opening by means of a discharge chute collecting the mixture from the top of the
drum. The chute should form an angle of not less than 40° with the horizontal
axis of the drum.

Reversing drum (R) — a more popular version of a mixer with a drum rotating
on a horizontal axis than the non-tilting drum mixer described above. Capacities
of this type of mixer range from 200R to 500R. Loading is through a front
opening and discharge from a rear opening carried out by reversing the rotation
of the drum (see Fig. 2.5.2).

Generally, mixers with an output capacity exceeding 200 litres are fitted with

an automatic or manually operated water system, which will deliver a measured
volume of water to the drum of the mixer. Table 1 of BS 1305 gives recommended
minimum water tank capacities for the various mixer sizes.

Forced action mixers (P) are generally for larger capacity outputs than the drum

mixers described above, and can be obtained within the range from 200P to 2000P.
The mixing of the concrete is achieved by the relative movements between the mix,
pan and blades or paddles. Usually the pan is stationary while the paddles or blades
rotate, but rotating pan models are also available consisting of a revolving pan and a
revolving mixer blade or star giving a shorter mixing time of 30 seconds with large
outputs. In general, pan mixers are not easily transported, and for this reason are
usually employed only on large sites where it would be an economic proposition to
install this form of mixer.

M CEMENT STORAGE

Cement for the mixing of mortars or concrete can be supplied in 25 kg bags
or in bulk for storage on site prior to use. Bagged cement requires a dry and
damp-free store to prevent air setting taking place (see Chapters 1.2 and 2.4 of

Construction Technology). If large quantities of cement are required an alternative
method of storage is the silo, which will hold cement supplied in bulk under ideal
conditions. A typical cement silo consists of an elevated welded steel cylindrical
container supported on four crossed braced legs with a bottom discharge outlet
to the container. Storage capacities range from 12 to 50 tonnes. Silos can be
incorporated into an on-site static batching plant, or they can have their own
weighing attachments. Some of the advantages of silo storage for large quantities
of cement are:

Cost of bulk cement is cheaper per tonne than bagged cement.

Unloading is by direct pumping from delivery vehicle to silo.

Less site space is required for any given quantity to be stored on site.

First cement delivered is the first to be used because it is pumped into the top
of the silo and extracted from the bottom.
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B READY-MIXED MORTAR

Many sites are congested, particularly in town and city centres where land is at

a premium and density of building is high. Space for cement-mixing plant and
materials is not always available. Furthermore, labour requirements for mixing
and transporting mortar about the site have reduced the cost viability of site
preparation. By comparison, quality-controlled factory preparation and delivery
of mortar offers many cost-saving advantages, including a guarantee of consistency
batch after batch. If required, the manufacturer can also declare the following:

workability and workable life;*

chloride content;

air content;

compressive strength;

bond strength;

water absorption;

density;

water vapour permeability;

thermal conductivity;

prescribed mix proportions (by volume or weight).**

* Tt is usual to incorporate a cement set retarder in the mix to extend the mortar working life.
This is to allow for any delay in transport and the time taken to work through a large batch
delivery.

** Mix selection is normally to BS 5628: Code of practice for use of masonry and BS EN 1052:
Methods of test for masonry.

B READY-MIXED CONCRETE

The popularity of ready-mixed concrete has increased tremendously since 1968,
when the British Ready-Mixed Concrete Association laid down minimum standards
for plant, equipment, personnel and quality control for all BRMCA-approved
depots. The ready-mixed concrete industry consumes a large proportion of the
total cement output of the United Kingdom in supplying many millions of cubic
metres of concrete per annum to all parts of the country.

Ready-mixed concrete is supplied to sites in specially designed truck mixers,
which are basically a mobile mixing drum mounted on a lorry chassis. Truck mixers
can be employed in one of three ways:

m Loaded at the depot with dry batched materials plus the correct quantity of
water, the truck mixer is used to complete the mixing process at the depot
before leaving for the site. During transportation to the site the mix is kept
agitated by the revolving drum; on arrival the contents are remixed before
being discharged.

m Fully or partially mixed concrete is loaded into the truck mixer at the depot.
During transportation to the site the mix is agitated by the drum revolving at
1 to 2 revolutions per minute. On arrival the mix is finally mixed by increasing
the drum’s revolutions to between 10 and 15 revolutions per minute for a few
minutes before being discharged.
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m When the time taken to deliver the mix to the site may be unacceptable the
mixing can take place on site by loading the truck mixer at the depot with dry
batched materials and adding the water upon arrival on site before completing
the mixing operation and subsequent discharge.

All forms of truck mixer carry a supply of water that is normally used to wash
out the drum after discharging the concrete and before returning to the depot.
See Fig. 2.5.3 for typical truck mixer details.

Truck mixers are heavy vehicles, weighing up to 24 tonnes when fully laden,
with a turning circle of some 15.000 m; they require both a firm surface and
turning space on site. The site allowance time for unloading is usually 30 minutes,
allowing for the discharge of a full load in 10 minutes and leaving 20 minutes
of free time to permit for a reasonable degree of flexibility in planning and
programming to both the supplier and the user. Truck mixer capacities vary
with the different models but 4, 5 and 6 m® are common sizes. Consideration
must be given by the contractor as to the best unloading position because most
truck mixers are limited to a maximum discharge height of 1.500 m and using a
discharging chute to a semicircular coverage around the rear of the vehicle within a
radius of 3.000 m.

To obtain maximum advantage from the facilities offered by ready-mixed
concrete suppliers, building contractors must place a clear order of the exact
requirements, which should follow the recommendations given in BS EN 206-1
and BS’s 8500-1 and 2. The supply instructions should contain the following:

type of cement;

types and maximum sizes of aggregate;

test and strength requirements;

testing methods;

slump or workability requirements;

volume of each separate mix specified;

delivery programme;

any special requirements such as a pumpable mix.

Note: Much of the above can be rationalised by specifying the concrete

grade, e.g. C30, and the mix category, e.g. ‘Designed’. For more detail, see

BS EN 206-1: Concrete. Specification, performance, production and conformity and
the complementary British Standards to BS EN 206-1, i.e. BS 8500-1: Concrete.
Method of specifying and guidance for the specifier, and BS 8500-2: Concrete.
Specification for constituent materials and concrete. See also, the summary in
Chapter 2.4 of Construction Technology.

B CONCRETE PUMPS

The advantages of moving large volumes of concrete by using a pump and pipeline
are as follows:

m Concrete is transported from point of supply to placing position in one
continuous operation.
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m Faster pours can be achieved with less labour. Typical placing figures are up to
100 m® per hour using a two-person crew consisting of the pump operator and
an operator at the discharge end.

m No segregation of mix is experienced with pumping, and a more consistent
placing and compaction is obtained, requiring less vibration.

m Generally, site plant and space requirements are reduced.

m Only method available for conveying wet concrete both vertically and
horizontally in one operation.

m No shock loading of formwork is experienced.

m Generally the net cost of placing concrete is reduced.

Against the above advantages must be set the following limitations:

m Concrete supply must be consistent and regular, which can usually be achieved
by well-planned and organised deliveries of ready-mixed concrete. Note that
under ideal conditions the discharge rate of each truck mixer can be in the order
of 10 minutes.

m Concrete mix must be properly designed and controlled, because not all concrete
mixes are pumpable. The concrete is pumped under high pressure, which can
cause bleeding and segregation of the mix: therefore the mix must be properly
designed to avoid these problems, as well as having good cohesive, plasticity and
self-lubricating properties to enable it to be pumped through the system without
excessive pressure and without causing blockages.

m More formwork will be required to receive the high output of the pump to make
its use an economic proposition.

Most pumps used today are of the twin-cylinder hydraulically driven design,
as either a trailer pump or a lorry-mounted pump using a small-bore (100 mm
diameter) pipeline capable of pumping concrete 85.000 m vertically and 200.000 m
horizontally, although these figures will vary with the actual pump used (see
Fig. 2.5.4 for a typical example). The delivery pipes are usually of rigid seamless
steel in 3.000 m lengths except where flexibility is required, as on booms and at the
delivery end. Large-radius bends of up to 1.000 m radius giving 22'/2°, 45° and 90°
turning are available to give flexible layout patterns. Generally, small-diameter pipes
of 75 and 100 mm are used for vertical pumping, whereas larger diameters of up to
150 mm are used for horizontal pumping. If a concrete mix with large aggregates
is to be pumped, the pipe diameter should be at least three or four times the
maximum aggregate size.

The time required on site to set up a pump is approximately 30 to 45 minutes.
The pump operator will require a supply of water and grout for the initial
coating of the pipeline: this usually requires about two or three bags of cement.
A hardstanding should be provided for the pump, with adequate access and turning
space for the attendant ready-mixed concrete vehicles. The output of a concrete
pump will be affected by the distance the concrete is to be pumped: therefore
the pump should be positioned so that it is as close to the discharge point as is
practicable. Pours should be planned so that they progress backwards towards
the pump, removing the redundant pipe lengths as the work proceeds.
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Maximum output of

pump 80 m%h

Maximum horizontal placing
distance 300.000
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below ground level 18.000
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Figure 2.5.4 Typical lorry-mounted concrete pump (courtesy: Schwing)



Concrete mixers and pumps 123

Generally, if the volume of concrete to be placed is sufficient to warrant hiring a
pump and operators it will result in an easier, quicker and usually cheaper operation
than placing the concrete by the traditional method of crane and skip with typical
outputs of 15 to 20 m® per hour as opposed to the 60 to 100 m* per hour output of
the concrete pump. Concrete pumping and placing demands a certain amount of
skill and experience, and for this reason most pumps in use are hired out and
operated by specialist contractors.

B SAFETY NOTE

Mortar and concrete contain cement. Mortar may also contain lime. Both
ingredients can burn, and skin contact with fresh mortar or concrete may result

in skin ulceration and/or dermatitis. Contact with the skin should be prevented

by wearing suitable protective clothing — in particular, reinforced plastic gloves,
waterproof overalls and footwear and protection for the eyes. Face protection may
also be appropriate for certain applications. Where skin contact occurs, immediate
washing with soap and water is recommended. Eye contact requires immediate
washing of the affected area with clean water. If cement is swallowed, the mouth
should be washed out, followed by drinking plenty of clean water. Cement products
are packaged with a safety label, similar to that shown in Fig. 2.5.5.

References:
Control of Substances Hazardous to Health Regulations 1999
Personal Protective Equipment at Work Regulations 1992

HEALTH AND SAFETY WARNING

Contains chromium (VI).

May produce an allergic reaction.

¢ Risk of serious damage to eyes.

Contact with wet cement, wet

concrete or wet mortar may cause

irritation, dermatitis or burns.

Contact between cement

powder and body fluids

(e.g. sweat and eye fluid) may

also cause skin and respiratory

irritations, dermatitis or burns.

¢ Avoid eye and skin contact by
wearing suitable eye protection,
clothing and gloves.

e Avoid breathing dust.

On contact with eyes or skin,

rinse immediately with plenty

of clean water. Seek medical

advice after eye contact.

Keep out of the reach of children. IRRITANT

Figure 2.5.5 Safety sign on cement materials



SCAFFOLDING

A scaffold is a temporary frame, usually constructed from steel or aluminium

alloy tubes clipped or coupled together to provide a means of access to high-level
working areas as well as providing a safe platform from which to work. The two
basic forms of scaffolding, namely the putlog scaffold with its single row of uprights
or standards set outside the perimeter of the building and partly supported by the
structure, and independent scaffolds which have two rows of standards, have been
covered in Chapter 1.5 of Construction Technology.

It is therefore necessary to consider in this text only the special scaffolds such as
slung, suspended, truss-out and gantry scaffolds, as well as the easy-to-erect system
scaffolds. It cannot be overemphasised that all scaffolds must comply fully with
the minimum requirements set out in the Work at Height Regulations 2005 and
BS EN 12811-1: 2003 Temporary works equipment. Scaffolds. Performance

requirements and general design.

B SLUNG SCAFFOLDS

These are scaffolds that are suspended by means of wire ropes or chains and

are not provided with a means of being raised or lowered by a lifting appliance.
Their main use is for gaining access to high ceilings or the underside of high roofs.
A secure anchorage must be provided for the suspension ropes, and this can usually
be achieved by using the structural members of the roof over the proposed working
area. Any member selected to provide the anchorage point must be inspected to
assess its adequacy. At least six evenly spaced suspension wire ropes or chains
should be used, and these must be adequately secured at both ends. The working
platform is constructed in a similar manner to conventional scaffolds, consisting

of ledgers, transoms and timber scaffold boards with the necessary guard rails and
toe boards. Working platforms in excess of 2.400 m X 2.400 m plan size should be
checked to ensure that the supporting tubular components are not being overstressed.
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B TRUSS-OUT SCAFFOLDS

These are a form of independent tied scaffold that rely entirely on the building for
support, and are used where it is impossible or undesirable to erect a conventional
scaffold from ground level. The supporting scaffolding structure that projects
from the face of the building is known as the truss-out. Anchorage is provided

by adjustable struts fixed internally between the floor and ceiling, from which the
cantilever tubes project. Except for securing rakers, only right-angle couplers
should be used. The general format for the remainder of the scaffold is as used

for conventional independent scaffolds (see Fig. 2.6.1).

B SUSPENDED SCAFFOLDS

These consist of a working platform suspended from supports such as outriggers
that cantilever over the upper edge of a building, and in this form are a temporary
means of access to the face of a building for the purposes of cleaning and light
maintenance work. Many new tall structures have suspension tracks incorporated
in the fascia or upper edge beam, or a cradle suspension track is fixed to the upper
surface of the flat roof on which is supported a manual or power trolley with
retractable davit arms for supporting the suspended working platform or cradle.
All forms of suspended cradles must conform with the minimum requirements set
out in the Work at Height Regulations 2005 with regard to platform boards, guard
rails and toe boards. Cradles may be single units or grouped together to form a
continuous working platform; if grouped together they are connected to one
another at their abutment ends with hinges. Figure 2.6.2 shows typical suspended
scaffold details.

B MOBILE TOWER SCAFFOLDS

These are used mainly by painters and maintenance staff to gain access to ceilings
where it is advantageous to have a working platform that can be readily moved to a
new position. The scaffold is basically a square tower constructed from scaffold
tubes mounted on wheels fitted with brakes. Platform access is gained by short
opposing inclined ladders or one inclined ladder within the tower base area.

See Chapter 1.5 of Construction Technology for more detail.

M BIRDCAGE SCAFFOLDS

These are used to provide a complete working platform at high level over a
large area, and consist basically of a two-directional arrangement of standards,
ledgers and transoms to support a close-boarded working platform at the
required height. To ensure adequate stability standards should be placed at
not more than 2.400 m centres in both directions, and the whole arrangement
must be adequately braced.
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Figure 2.6.1 Typical truss-out scaffold details
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B GANTRIES

These are forms of scaffolding used primarily as elevated loading and unloading
platforms over a public footpath where the structure under construction or repair is
immediately adjacent to the footpath. As for hoardings, local authority permission is
necessary, and their specific requirements such as pedestrian gangways, lighting and
dimensional restrictions must be fully met. It may also be necessary to comply with
police requirements as to when loading and unloading can take place. The gantry
platform can also serve as a storage and accommodation area as well as providing
the staging from which a conventional independent scaffold to provide access to

the face of the building can be erected. Gantry scaffolds can be constructed from
standard structural steel components as shown in Fig. 2.6.3 or from a system
scaffold as shown in Fig. 2.6.4.

B SYSTEM SCAFFOLDS

These scaffolds are based upon the traditional independent steel tube scaffold, but
instead of being connected together with a series of loose couplers and clips they
usually have integral interlocking connections. They are easy to erect, adaptable,
and generally can be assembled and dismantled by semi-skilled operatives. The
design of these systems is such that the correct position of handrails, lift heights
and all other aspects of the Work at Height Regulations 2005 are automatically met.
Another advantage found in most of these system scaffolds is the elimination of
internal cross-bracing, giving a clear walk-through space at all levels; facade-
bracing, however, may still be required. Figure 2.6.5 shows details of a typical
system scaffold and, like the illustrations chosen for items of builders’ mechanical
plant, is intended only to be representative of the many scaffolding systems
available.
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Figure 2.6.5 Typical system scaffold (courtesy: SGB Anglok Scaffolding)
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GROUNDWATER CONTROL

Groundwater can be defined as water that is held temporarily in the soil above
the level of the water table. Below the water table level is the subsoil water, which
is the result of the natural absorption by subsoils of the groundwater. Both types
of water can be effectively controlled by a variety of methods, which have been
designed either to exclude the water from a particular area or merely to lower the
water table to give reasonably dry working conditions, especially for excavation
activities.

The extent to which water affects the stability and bearing capacity of a
subsoil will depend upon the physical characteristics of the soil and in particular
upon the particle size, which ranges from the very fine particles of clay soils to the
larger particles or boulders of some granular soils. The effect of the water on these
particles is that of a lubricant, enabling them to move when subjected to a force
such as a foundation loading or simply causing them to flow by movement of the
groundwater. The number and disposition of the particles together with the amount
of water present will determine the amount of movement that can take place. The
finer particles will be displaced more easily than the larger particles, which could
create voids, thus encouraging settlement of the larger particles.

The voids caused by excavation works encourage water to flow, because the
opposition to the groundwater movement provided by the soil has been removed.
In cases where the flow of water is likely, an artificial opposition must be installed
or the likelihood of water movement must be restricted by geotechnical processes.
These processes can be broadly classified into one of two groups:

B permanent exclusion of groundwater;
m temporary exclusion of groundwater by lowering the water table.
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B PERMANENT EXCLUSION OF GROUNDWATER

Sheet piling

This is suitable for all types of soil except boulder beds, and is used to form a
barrier or cut-off wall to the flow of groundwater. The sheet piling can be of

a permanent nature, being designed to act as a retaining wall, or it can be a
temporary enclosure to excavation works in the form of a cofferdam (for details
see Chapter 3.3). Vibration and noise due to the driving process may render this
method unacceptable, and the capital costs can be high unless they can be
apportioned over several contracts on a use and re-use basis.

Diaphragm walls

These are suitable for all types of soil, and are usually of in-situ reinforced concrete
installed using the bentonite slurry method (see Chapter 3.2 for details). This form
of diaphragm wall has the advantages of low installation noise and vibration; it

can be used in restricted spaces and can be installed close to existing foundations.
Generally, unless the diaphragm wall forms part of the permanent structure, this
method is uneconomic.

Slurry trench cut-off

These are non-structural thin cast in-situ unreinforced diaphragm walls suitable

for subsoils of silts, sands and gravels. They can be used on sites where there is
sufficient space to enclose the excavation area with a cut-off wall of this nature sited
so that there is sufficient earth remaining between the wall and the excavation to
give the screen or diaphragm wall support. Provided adequate support is given,
these walls are rapidly installed and are cheaper than the structural version.

Thin-grouted membrane

This is an alternative method to the slurry trench cut-off wall when used in silt

and sand subsoils, and is also suitable for installation in very permeable soils and
made-up ground where bentonite methods are unsuitable. Like the previous
example, ample earth support is required for this non-structural cut-off wall.

The common method of formation is to drive into the ground a series of touching
universal beam or column sections, sheet pile sections or, alternatively, small steel
box sections to the required depth. A grout injection pipe is fixed to the web or face
of the section, and this is connected by means of a flexible pipe to a grout pump at
ground level. As the sections are withdrawn, the void created is filled with cement
grout to form the thin membrane (see Fig. 3.1.1).

Contiguous piling

This is an alternative method to the reinforced concrete diaphragm wall, consisting
of a series of interlocking reinforced concrete-bored piles. The formation of the
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Figure 3.1.1 Thin grouted membrane and contiguous piling
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bored piles can be carried out as described in Chapter 4.2, ensuring that the piles
interlock for their entire length. This will require special cutting tools to form the
key in the alternate piles for the interlocking intermediate piles. The pile diameter
selected will be determined by the strength required after completion of the
excavations to one side of the wall. The usual range of diameters used is between
300 and 600 mm. Contiguous piling can be faced with a reinforced rendering or
covered with a mesh reinforcement sprayed with concrete to give a smooth finish.
This latter process is called shotcrete or gunite. An alternative method is to cast in
front of the contiguous piling a reinforced wall terminating in a capping beam to the
piles (see Fig. 3.1.1).

Cement grouts

In common with all grouting methods, cement grouts are used to form a ‘curtain’
in soils that have high permeability, making temporary exclusion pumping methods
uneconomic. Cement grouts are used in fissured and jointed rock strata, and are
injected into the ground through a series of grouting holes bored into the ground
in lines, with secondary intermediate borehole lines if necessary. The grout can be
a mixture of neat cement and water, cement and sand up to a ratio of 1:4, or PFA
(pulverised fuel ash) and cement in the ratio of 1:1 with 2 parts of water by

weight. The usual practice is to start with a thin grout and gradually reduce the
water:cement ratio as the process proceeds, to increase the viscosity of the mixture.
To be effective this form of treatment needs to be extensive.

Clay/cement grouting

This is suitable for sands and gravels where the soil particles are too small for
cement grout treatment. The grout is introduced by means of a sleeve grout pipe
that limits its spread, and as for the cement grouting the equipment is simple and
can be used in a confined space. The clay/cement grout is basically bentonite with
additives such as Portland cement or soluble silicates to form the permanent barrier.
One disadvantage of this method is that at least 4.000 m of natural cover is required
to provide support for the non-structural barrier.

Chemical grouting

This is suitable for use in medium-to-coarse sands and gravels to stabilise the soil,
and can also be used for underpinning works below the water-table level. The
chemicals are usually mixed prior to their injection into the ground through injection
pipes inserted at 600 mm centres. The chemicals form a permanent gel or sol in

the earth, which increases the strength of the soil and also reduces its permeability.
This method, in which a liquid base diluted with water is mixed with a catalyst to
control the gel-setting time before being injected into the ground, is called the
one-shot method. An alternative two-shot method can be used: it is carried

out by injecting the first chemical (usually sodium silicate) into the ground and
immediately afterwards injecting the second chemical (calcium chloride) to form a
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silica gel. The reaction of the two chemicals is immediate, whereas in the one-shot
method the reaction of the chemicals can be delayed to allow for full penetration of
the subsoil, which will in turn allow a wider spacing of the boreholes. One main
disadvantage of chemical grouting is the need for at least 2.000 m of natural cover.

Resin grouts

These are suitable for silty fine sands or for use in conjunction with clay/cement
grouts for treating fine strata, but like the chemical grouts described above they can
be costly unless used on large works. Resin grouts are similar in application to the
chemical grouts, but have a low viscosity, which enables them to penetrate the fine
sands that are unsuitable for chemical grouting applications.

Bituminous grouts

These are suitable for injection into fine sands to decrease the permeability of the
soil, but they will not increase the strength of the soil, and are therefore unsuitable
for underpinning work.

Grout injection

Grouts of all kinds are usually injected into the subsoil by pumping in the mixture
at high pressure through tubes placed at the appropriate centres according to the
solution being used and/or the soil type. Soil investigation techniques will reveal
the information required to enable the engineer to decide upon the pattern and
spacing of the grout holes, which can be drilled with pneumatic tools or tipped
drills. The pressure needed to ensure a satisfactory penetration of the subsoil will
depend upon the soil conditions and results required, but is usually within the
range of 1 N/mm? for fine soils to 7 N/mm? for cement grouting in fissured and
jointed rock strata.

Freezing

This is a suitable method for all types of subsoil with a moisture content in excess
of 8% of the voids. The basic principle is to insert freezing tubes into the ground
and circulate a freezing solution around the tubes to form ice in the voids, thus
creating a wall of ice to act as the impermeable barrier. This method will give the
soil temporary extra mechanical strength, but there is a slight risk of ground heave,
particularly when operating in clays and silts. The circulating solution can be a
brine of magnesium chloride or calcium chloride at a temperature of between

—15 and -25 °C, which would take between 10 to 17 days to produce an ice wall
1.000 m thick according to the type of subsoil. For works of short duration where
quick freezing is required the more expensive liquid nitrogen can be used as the
circulating medium. A typical freezing arrangement is shown in Fig. 3.1.2. Freezing
methods of soil stabilisation are especially suitable for excavating deep shafts and
driving tunnels.
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B TEMPORARY EXCLUSION OF GROUNDWATER

Sump pumping

This is suitable for most subsoils and, in particular, gravels and coarse sands when
working in open shallow excavations. The sump or water collection pit should be
excavated below the formation level of the excavation and preferably sited in a
corner position to reduce to a minimum the soil movement due to settlement,
which is a possibility with this method. Open sump pumping is usually limited

to a maximum depth of 7.500 m because of the limitations of suction lift of most
pumps. An alternative method to the open sump pumping is the jetted sump, which
will achieve the same objective and will also prevent the soil movement. In this
method a metal tube is jetted into the ground and the void created is filled with a
sand medium, a disposable hose and a strainer as shown in Fig. 3.1.3.

Wellpoint systems

These are popular methods for water lowering in non-cohesive soils up to a depth
of between 5.000 and 6.000 m. To dewater an area beyond this depth requires a
multi-stage installation (see Fig. 3.1.4). The basic principle is to water-jet into

the ground a number of small diameter wells, which are connected to a header pipe
attached to a vacuum pump (see Fig. 3.1.5). Wellpoint systems can be installed with
the header pipe acting as a ring main enclosing the area to be excavated. The header
pipe should be connected to two pumps, the first for actual pumping operations

and the second as a standby pump, because it is essential to keep the system fully
operational to avoid collapse of the excavation should a pump failure occur. The
alternative system is the progressive line arrangement, where the header pipe is
placed alongside a trench or similar excavation to one side or both sides according
to the width of the excavation. A pump is connected to a predetermined length of
header pipe, and further well points are jetted in ahead of the excavation works. As
the work including backfilling is completed the redundant well points are removed
and the header pipe is moved forwards.

Shallow-bored wells

These are suitable for sandy gravels and water-bearing rocks, and the action is
similar in principle to wellpoint pumping but is more appropriate for installations
that have to be pumped for several months because running costs are generally
lower. This method is subject to the same lift restrictions as wellpoint systems and
can be arranged as a multi-stage system if the depth of lowering exceeds 5.000 m.

Deep-bored wells

These can be used as an alternative to a multi-stage wellpoint installation where
the groundwater needs to be lowered to a depth greater than 9.000 m. The wells are
formed by sinking a 300 to 600 mm diameter steel lining tube into the ground to the
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required depth and at spacings to suit the subsoil being dewatered. This borehole
allows a perforated well liner to be installed with an electro-submersible pump to
extract the water. The annular space is filled with a suitable medium such as sand
and gravel as the outer steel lining tube is removed (see Fig. 3.1.6).

Horizontal groundwater control

The pumping methods described above all work on a completely vertical system.
An alternative is the horizontal system of dewatering, which consists of installing
into the ground a 100 mm diameter PVC perforated suction pipe covered with

a nylon filter sleeve to prevent the infiltration of fine particles. The pipe is

installed using a special machine that excavates a narrow trench, lays the pipe,

and backfills the excavation in one operation at speeds up to 180 m per hour with a
maximum depth of 5.000 m. Under average conditions a single pump can handle
approximately 230.000 m of pipe run; for distances in excess of the pumping length
an overlap of consecutive pipe lengths of up to 4.000 m is required (see Fig. 3.1.7).

Electro-osmosis

This is an uncommon and costly method, which can be used for dewatering
cohesive soils such as silts and clays where other pumping methods would not

be adequate. It works on the principle that soil particles carry a negative charge,
which attracts the positively charged ends of the water molecules, creating a
balanced state; if this balance is disturbed the water will flow. The disturbance

of this natural balance is created by inserting into the ground two electrodes and
passing an electric charge between them. The positive electrode can be of steel rods
or sheet piling, which will act as the anode, and a wellpoint is installed to act as the
cathode or negative electrode. When an electric current is passed between the anode
and cathode it causes the positively charged water molecules to flow to the wellpoint
(cathode), where it is collected and pumped away to a discharge point. The power
consumption for this method can vary from 1 kW/m?® for large excavations up to

12 kW/m® of soil dewatered for small excavations, which will generally make this
method uneconomic on running costs alone.
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+  DEEP TRENCH EXCAVATIONS

Any form of excavation on a building site is a potential hazard, and although
statistics show that, of the 46,000 or so reportable accidents occurring each year
on building sites, excavations do not constitute the major hazard, they can often
prove to be serious; indeed, approximately 1 in 10 accidents occurring in
excavations are fatal.

M THE CONSTRUCTION (DESIGN AND
MANAGEMENT) REGULATIONS 1994, THE CONSTRUCTION
(HEALTH, SAFETY AND WELFARE) REGULATIONS 1996, THE
CONFINED SPACES REGULATIONS 1997 AND THE WORK
AT HEIGHT REGULATIONS 2005

These statutory instruments are effected by the Factory Acts 1961 and the Health
and Safety at Work etc. Act 1974. The Design and Management Regulations were
introduced with particular regard for a minimum degree of safety for operatives
working in the process of construction. The Health, Safety and Welfare Regulations
have specific references to excavations, shafts, tunnels, demolitions and work on

or adjacent to water, the Confined Spaces Regulations include, among other
references, chambers, pits and trenches, and the Work at Height Regulations apply
to work in any place, including at or below ground level. All of these regulations
apply to building operations and works of engineering construction, because the
risks encountered in the two industries are similar and therefore a common code
of practice is desirable.

The Health, Safety and Welfare Regulations 12 and 13 establish the
requirements for the supply and use of adequate support to excavations. These
must be installed by competent, qualified or trained operatives, or be supervised
and inspected by a competent person. Construction work involving excavation



Deep trench excavations 149

must be inspected every shift, with reports filed detailing each inspection and the
approval of safe conditions.

All contractors and subcontractors are responsible for the safety of their own
employees, and every person employed must cooperate in observing the various
requirements of the regulations. If an employee discovers any defect or unsafe
condition in a working area it is that person’s duty to report the facts to the
employer, the foreman, or a person appointed by the employer as safety
supervisor.

M DEEP TRENCH EXCAVATIONS

Deep trenches may be considered as those over 3.000 m deep; they are usually
required for the installation of services, because deep foundations are not very
often encountered owing to the more economic alternatives such as piling and raft
techniques. Trench excavations should not be opened too far in advance of the
proposed work, and any backfilling should be undertaken as soon as practicable
after the completion of the work. These two precautions will lessen the risk of falls,
flooding and damage to completed work as well as releasing the timbering for reuse
at the earliest possible date. Great care must be taken in areas where underground
services are present: these should be uncovered with care, protected and supported
as necessary. The presence of services in an excavation area may restrict the use of
mechanical plant to the point where its use becomes uneconomic. Hand trimming
should be used for bottoming the trench, side trimming, end trimming and for
forming the gradient just prior to the pipe, cable or drain laying.

In general, all deep excavations should be close boarded or sheeted as a
precautionary measure, the main exception being hard and stable rock subsoils.
Any excavation in a rock stratum should be carefully examined to ascertain its
stability. Fissures or splits in the rock layers that slope towards the cut face may
lead to crumbling or rock falls, particularly when exposed to the atmosphere for
long periods. In this situation it would be prudent to timber the faces of the
excavation according to the extent and disposition of the fissures.

In firm subsoils it might be possible to complete the excavation dig before
placing the timbering in position. The general method of support for the excavation
sides follows that used in shallow and medium-depth trench excavations studied
in Chapter 2.1 of Construction Technology, except that larger sections are used to
resist the increased pressures encountered as the depth of excavation increases
(see Fig. 3.2.1).

If the subsoil is weak, waterlogged or running sand it will be necessary to
drive timber runners, trench sheeting or interlocking sheet piles of steel, timber or
precast concrete ahead of the excavation dig. This can be accomplished by driving
to a depth exceeding the final excavation depth or by the drive-and-dig system,
ensuring that timbering is always in advance of the excavating operation. L.ong
runners or sheet piles will require a driving frame to hold and guide the members
while being driven. To avoid the use of large piling frames and heavy driving
equipment the tucking and pile framing techniques may be used. Tucking
framing will give an approximately parallel working space width, but will



150  Advanced Construction Technology

M ™

Patent temporary
fencing or scaffolding
as safety barriers

75 x 38 lippings fixed to struts

45'_)0
min. 200 x 38 lacings
TR ! if required I;-_':'-., .I
§ SNNZNS
200 x 75 L - — >
walings 3

200 x 75 struts
at 1.800 centres

SN

>y 150 x 75

at 1.800 centres sole plate

é Firm
soil é
 — — —
1 225 x 38
y _ 4 close-boarded
) poling boards
Folding in 1.000 lengths
wedges to
one end of é
struts >\>, -<
§ 1 . —1 >/
150 x 75 —
puncheons

N\

Adequate working

space between
face timbering

Figure 3.2.1 'Traditional deep trench timbering



Deep trench excavations 151

necessitate driving the short runners at an angle, whereas pile framing will give
a diminishing working space but is easier to install. Both methods, having the
bottom and top of consecutive members secured with a single strut, will give a
saving on the total number of struts required over the more traditional methods
(see Fig. 3.2.2).

The sizes of suitable timber walings can be calculated using Rankine’s formula:

p=wh[lliig]x9m

1+sin 6

where p = approximate pressure at base of excavation (N/m?)
w = mass of soil (typically 1,500—2,000 kg/m?)
h = height of excavation (m)
6 = soil angle of repose or shearing resistance (usually 30°)

The resultant thrust will act through the centre of gravity of the pressure diagram
(h/3): see Fig. 3.2.3. The overturning moment (P) is expressed as a variation on
Rankine’s formula:

2 o
p=| 2 || 1=sin8 ) g8
2 1+sin 6
Therefore, for a 3.000 m high excavation in soil of 2,000 kg/m® mass with
0=130°:
2,000x 3% 1-0.5
= X

2 1+0.5

Bending moment = w/*/8 = (29.43x 1 x 1)+ 8 =3.68 kN m
For timber beam design, the moment of resistance (M) or bending moment is
given by
2
M= Jfbd
6
where f= permissible fibre stress of the timber, according to species, moisture
content and stress grade
b = breadth of timber section (usually assumed)
d = depth of timber section to be calculated

P x9.81=29.43 kN

Assuming breadth of waling (#) to be 75 mm and the fibre stress (/') of timber to be
7.4 N/mm?, substituting in the design formula:

_6xXM x10° _ 6x3.68 x10°
Fxb 7.4 x 75

Dimensions of waling timbers = 200 X 75 mm

dZ

=39783, ... d = 200 mm

Note: Bending moment of w/%/10 for runners and w/*/8 for short poling boards.
Remember that timbering is a general term used to cover all forms of temporary
support to the sides of an excavation to:
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m prevent collapse of the excavation sides that would endanger the operatives
working in the immediate vicinity;
m keep the excavation open during the required period.

The term is used both when timber is actually used and when a different material
is employed to fulfil the same function.

B DEEP BASEMENT EXCAVATIONS

The methods that can be used to support the sides of deep basement excavations
can be considered under four headings:

perimeter trench;
raking struts;
cofferdams;
diaphragm walls.
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PERIMETER TRENCH

This method is employed where weak subsoils are encountered, and is carried

out by excavating a perimeter trench around the proposed basement excavation.
The width and depth of the trench must be sufficient to accommodate the
timbering and basement retaining wall, and provide adequate working space.

The trench can be timbered by any of the methods described above for deep
trenches in weak subsoils. The bottom of the trench should be graded and covered
with a 50 to 75 mm blinding layer of weak concrete or coarse sand to protect the
base of the excavation from drying and shrinking, and to form a definite level from
which to set out and construct the basement wall. The base of the wall should be
cast first, with a kicker formed for the stem and starter bars left projecting for

the stem and the base slab. The stem or wall should be cast in suitable lifts, and

as it cures the struts are transferred to the new wall. When the construction of the
perimeter wall has been completed the mound of soil, or dumpling, in the centre of
the basement area can be excavated and the base slab cast (see Fig. 3.2.4). Although
this method is intended primarily for weak subsoils it can also be used in firm soils,
where it may be possible to excavate the perimeter trench completely before placing
the timbering in position.

RAKING STRUTS

This method is used where it is possible to excavate the basement area back to

the perimeter line without the need for timbering: therefore firm subsoils must

be present. The perimeter is trimmed and the timbering placed in position and
strutted by using raking struts converging on a common grillage platform similar
to raking shoring; alternatively each raker is taken down to a separate sole plate
and the whole arrangement adequately braced. An alternative method is to excavate
back to the perimeter line on the subsoil’s natural angle of repose and then cast the
base slab to protect the excavation bottom from undue drying out and subsequent
shrinkage. The perimeter trimming can now be carried out, timbered and strutted
using the base slab as the abutment (see Fig. 3.2.5). The retaining wall is cast in
stages as with the perimeter trench method, and the strutting is transferred to the
stem as the work proceeds.

COFFERDAMS

The term ‘cofferdam’ comes from the French word coffre meaning a box, which

is an apt description as a cofferdam consists of a watertight perimeter enclosure,
usually of interlocking steel sheet piles, used in conjunction with waterlogged sites
or actually in water. The enclosing cofferdam is constructed, adequately braced, and
the earth is excavated from within the enclosure. Any seepage of water through the
cofferdam can normally be handled by small pumps. The sheet piles can be braced
and strutted by using a system of raking struts, horizontal struts or tie rods and
ground anchors (see Fig. 3.2.6). Cofferdams are considered in greater detail, along
with caissons, in the next chapter.
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DIAPHRAGM WALLS

A diaphragm can be defined as a dividing membrane, and in the context of
building a diaphragm wall can be used as a retaining wall to form the perimeter wall
of a basement structure, to act as a cut-off wall for river or similar embankments,
and to retain large masses of soil such as a side wall of a road underpass.

In-situ concrete diaphragm walls are being used to a large extent in modern
construction work and can give the following advantages:

m The final wall can be designed and constructed as the required structural wall.

m Diaphragm walls can be constructed before the bulk excavation takes place, thus
eliminating the need for temporary works such as timbering.

Methods that can be employed to construct the wall are relatively quiet and have
little or no vibration.

Work can be carried out immediately adjacent to an existing structure.

They may be designed to resist vertical and/or horizontal forces.

Walls are watertight when constructed.

Virtually any plan shape is possible.

Overall they are an economic method for the construction of basement or
retaining walls.

There are two methods by which a cast in-situ diaphragm wall may be
constructed:

m touching or interlocking bored piles;
B excavation of a trench using the bentonite slurry method.

The formation of bored piles is fully described later in Chapter 4.2 on piling.
The piles can be bored so that their interfaces are just touching; or by boring for
piles in alternate positions and using a special auger the intermediate pile positions
can be bored so that the interfaces interlock. The main advantage of using this
method is that the wall can be formed within a restricted headroom of not less than
2.000 m. The disadvantages are the general need for a reinforced tie beam over the
heads of the piles and the necessity for a facing to take out the irregularities of the
surface. This facing usually takes the form of a cement rendering lightly reinforced
with a steel-welded fabric mesh.

The general method used to construct diaphragm walls is the bentonite slurry
system. Bentonite is manufactured from a montmorillonite clay that is commonly
called fuller’s earth because of its historical use by fullers in the textile industry to
absorb grease from newly woven cloth. When mixed with the correct amount of
water bentonite shows thixotropic properties, giving a liquid behaviour when
agitated and a gel structure when undisturbed.

The basic procedure is to replace the excavated spoil with the bentonite slurry
as the work proceeds. The slurry forms a soft gel or ‘filter cake’ at the interface of
the excavation sides with slight penetration into the subsoil. Hydrostatic pressure
caused by the bentonite slurry thrusting on the filter cake cushion is sufficient to
hold back the subsoil and any groundwater that may be present. This alleviates
the need for timbering and/or pumping, and can be successfully employed up to
36.000 m deep.
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Diaphragm walls constructed by this method are executed in alternate panels
from 4.500 m to 7.000 m long with widths ranging from 500 to 900 mm using a
specially designed hydraulic grab attached to a standard crane, or by using a
continuous cutting and recirculating machine. Before the general excavation
commences, a guide trench about 1.000 m deep is excavated and lined with lightly
reinforced walls. These walls act as a guide line for the excavating machinery and
provide a reservoir for the slurry, enabling pavings and underground services to be
broken out ahead of the excavation.

To form an interlocking and watertight joint at each end of the panel, circular
stop end pipes are placed in the bentonite-filled excavation before the concrete is
placed. The continuous operation of concreting the panel is carried out using a
tremie pipe and a concrete mix designed to have good flow properties without
the tendency to segregate. This will require a concrete with a high slump of
about 200 mm but with high-strength properties ranging from 20 to 40 N/mm?.
Generally the rate of pour is in the region of 15 to 20 m® per hour, and as the
concrete is introduced into the excavated panel it will displace the bentonite slurry,
which is less dense than the concrete, which can be stored for reuse or transferred
to the next panel being excavated. The ideal situation is to have the two operations
acting simultaneously and in complete unison (see Fig. 3.2.7).

Before the concrete is placed, reinforcement cages of high yield or mild steel
bars are fabricated on site in one or two lengths. Single length cages of up to
20.000 m are possible; where cages in excess of this are required they are usually
spot-welded together when the first cage is projecting about 1.000 m above
the slurry level. The usual recommended minimum cover is 100 mm, which is
maintained by having spacing blocks or rings attached to the outer bars of the
cage. Upon completion of the concreting the bentonite slurry must be removed
from the site either by tanker or by diluting so that it can be discharged into the
surface water sewers by agreement with the local authority.
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COFFERDAMS AND CAISSONS

A cofferdam may be defined as a temporary box structure constructed in earth or
water to exclude soil and/or water from a construction area. It is usually formed to
enable the formation of foundations to be carried out in safe working conditions. It
is common practice to use interlocking steel trench sheeting or steel sheet piling to
form the cofferdam, but any material that will fulfil the same function can be used,
including timber piles, precast concrete piles, earth-filled crib walls and banks of
soil and rock. It must be clearly understood that, to be safe, economic and effective,
cofferdams must be the subject of structural design. Regulations 12 and 13 of the
Construction (Health, Safety and Welfare) Regulations 1996 specifically require
cofferdams and caissons to be properly designed, constructed and maintained. Of
equal importance are Regulations 5 and 14. Regulation 5 requires a safe place to
work and safe means of access to and egress from that place of work. Regulation 14
includes provision for water transport and rescue equipment for operatives working
where water levels are a perceived danger. These regulations are complemented by
the Confined Spaces Regulations 1997, which include specific reference to chambers
and pits, i.e. implications for cofferdams and caissons. Under Regulation 5 of this
Statutory Instrument there must be preparation of suitable contingency plans in

the event of an emergency rescue and availability of resuscitation equipment. Under
Regulation 4 of the Work at Height Regulations 2005, specific reference is made

to adequate supervision, planning and safety procedures. This includes planning for
emergencies and rescue.

B SHEET PILE COFFERDAMS

Cofferdams constructed from steel sheet piles or steel trench sheeting can be
considered under two headings:

m single-skin cofferdams;
m double-skin cofferdams.
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SINGLE-SKIN COFFERDAMS

These consist of a suitably supported single enclosing row of trench sheeting or
sheet piles forming an almost completely watertight box. Trench sheeting could
be considered for light loadings up to an excavation depth of 3.000 m below the
existing soil or water level, whereas sheet piles are usually suitable for excavation
depths of up to 15.000 m. The small amount of seepage that will occur through
the interlocking joints must not be in excess of that which can be comfortably
controlled by a pump; alternatively the joints can be sealed by caulking with
suitable mastics, bitumastic compounds or silicone sealants.

Single-skin cofferdams constructed to act as cantilevers are possible in all soils,
but the maximum amount of excavation height will be low relative to the required
penetration of the toe of the pile, and this is particularly true in cohesive soils. Most
cofferdams are therefore either braced and strutted or anchored using tie rods or
ground anchors. Standard structural steel sections or structural timber members
can be used to form the support system, but generally timber is economically
suitable only for low loadings. The total amount of timber required to brace a
cofferdam adequately would be in the region of 0.25 to 0.3 m® per tonne of steel
sheet piling used, whereas the total weight of steel bracing would be in the region
of 30—60% of the total weight of sheet piling used to form the cofferdam. Typical
cofferdam support arrangements are shown in Figs 3.3.1 and 3.3.2. Single-skin
cofferdams that are circular in plan can also be constructed using ring beams of
concrete or steel to act as bracing without the need for strutting. Diameters up to
36.000 m are economically possible using this method.

Cofferdams constructed in water, particularly those being erected in tidal
waters, should be fitted with sluice gates to act as a precaution against unanticipated
weaknesses in the arrangement and, in the case of tidal waters, to enable the water
levels on both sides of the dam to be equalised during construction and before final
closure. Special piles with an integral sluice gate forming a 200 mm wide X 400 mm
deep opening are available. Alternatively a suitable gate can be formed by cutting a
pair of piles and fitting them with a top-operated screw gear so that they can be
raised to form an opening of any desired depth.

DOUBLE-SKIN COFFERDAMS

These are self-supporting gravity structures constructed by using two parallel rows
of piles with a filling material placed in the void created. Gravity-type cofferdams
can also be formed by using straight-web sheet pile sections arranged as a cellular
construction (see Figs 3.3.3 and 3.3.4).

The stability of these forms of cofferdam depends upon the design and
arrangement of the sheet piling and upon the nature of the filling material.
The inner wall of a double-skin cofferdam is designed as a retaining wall which
is suitably driven into the substrata whereas the outer wall acts primarily as an
anchor wall. The two parallel rows of piles are tied together with one or two rows
of tie rods acting against external steel walings. Inner walls should have a series of
low-level weepholes to relieve the filling material of high water pressures and thus
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increase its shear resistance. For this reason the filling material selected should be
capable of being well drained. Therefore materials such as sand, hardcore and broken
stone are suitable, whereas cohesive soils such as clay are unsuitable. The width-to-
height ratio shown in Fig. 3.3.3 of (0.7:0.8 H can in some cases be reduced by giving
external support to the inner wall by means of an earth embankment or berm.

Cellular cofferdams are entirely self-supporting, and do not require any other
form of support such as that provided by struts, braces and tie rods. The straight
web pile with its high web strength and specially designed interlocking joint is
capable of resisting the high circumferential tensile forces set up by the non-
cohesive filling materials. The interlocking joint also has sufficient angular deviation
to enable the two common arrangements of circular cell and diaphragm cellular
cofferdams to be formed (see Fig. 3.3.4). Like the double-skin cofferdam, the walls
of cellular cofferdams should have weepholes to provide adequate drainage of the
filling material. The circular cellular cofferdam has one major advantage over its
diaphragm counterpart in that each cell can be filled independently, whereas care
must be exercised when filling adjacent cells in a diaphragm type to prevent an
unbalanced pressure being created on the cross-walls or diaphragms. In general,
cellular cofferdams are used to exclude water from construction areas in rivers and
other waters where large structures such as docks are to be built.

B STEEL SHEET PILING

Steel sheet piling is the most common form of sheet piling; it can be used in
temporary works such as timbering to excavations in soft and/or waterlogged

soils and in the construction of cofferdams. This material can also be used to

form permanent retaining walls, especially those used for river bank strengthening,
and in the construction of jetties. Three common forms of steel sheet pile are the
Larssen, Frodingham and straight-web piles, all of which have an interlocking
joint to form a water seal, which may need caulking where high water pressures
are encountered. Straight-web sheet piles are used to form cellular cofferdams as
described above and illustrated in Fig. 3.3.4. Larssen and Frodingham sheet piles
are suitable for all uses except for the cellular cofferdam, and can be obtained in
lengths up to 18.000 m according to the particular section chosen — typical sections
are shown in Fig. 3.3.5.

To erect and install a series of sheet piles and keep them vertical in all directions
usually requires a guide frame or trestle constructed from large-section timbers.
The piles are pitched or lifted by means of a crane, using the lifting holes sited
near the top of each length, and positioned between the guide walings of the trestle
(see Figs 3.3.6 and 3.3.7). When sheet piles are being driven there is a tendency for
them to creep or lean in the direction of driving. Correct driving methods will help
to eliminate this tendency, and the generally accepted method is to install the piles
in panels as follows:

1. A pair of piles are pitched and driven until approximately one-third of their
length remains above ground level to act as anchor piles to stop the remainder of
the piles in the panel from leaning or creeping while being driven. It is essential
that this first pair of piles are driven accurately and plumb in all directions.
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2. Pitch a series of piles in pairs adjacent to the anchor piles to form a panel of
10 to 12 pairs of piles.
. Partially drive the last pair of piles to the same depth as the anchor piles.
4. Drive the remaining piles in pairs including the anchor piles to their final set.
5. The last pair of piles remain projecting, for about one-third of their length,
above the ground level to act as guide piles to the next panel.

(98]

To facilitate accurate and easy driving there should be about a 6 mm clearance
between the pile faces and the guide walings, and timber spacer blocks should be
used in the troughs of the piles (see Fig. 3.3.6).

Steel sheet piles may be driven to the required set using percussion hammers
or hydraulic drivers. Percussion hammers activated by steam, compressed air or
diesel power can be used, and these are usually equipped with leg grips bolted to
the hammer and fitted with inserts to grip the face of the pile to ensure that the
hammer is held in line with the axis of the pile. Wide, flat driving caps are also
required to prevent damage to the head of the pile by impact from the hammer.
Hydraulic drivers can be used to push the piles into suitable subsoils such as
clays, silts and fine granular soils. These driving systems are vibrationless and
almost silent, making them ideal for installing sheet piling in close proximity to
other buildings. The driving head usually consists of a power pack crosshead
containing eight hydraulic rams fitted with special pile connectors, each ram having
a short stroke of 750 mm. The driving operation entails lowering and connecting
the hydraulic driver to the heads of a panel of piles, activating two rams to drive a
pair of piles for the full length of the stroke, and repeating this process until all the
rams have been activated. The rams are retracted and the crosshead is lowered onto
the top of the piles to recommence the whole driving cycle. This process is repeated
until the required penetration of the piles has been reached.

The tendency for sheet piles to lean while being driven may occur even under
ideal conditions with careful supervision, and should this occur immediate steps
must be taken to correct the fault, or it may get out of control. The following
correction methods can be considered:

m Attach a winch rope to the pair of piles being driven and exert a corrective
pulling force as driving continues.

m Attach a winch rope to the previously driven adjacent pair of piles and exert a
corrective pulling force as driving continues.

m Reposition the hammer towards the previously driven pair of piles to give an
eccentric blow.

m Combinations of any of the above methods.

If the above correction techniques are not suitable or effective it is possible to

form tapered piles by making use of the tolerances within the interlocking joint by
welding steel straps across the face of the pair of piles to hold them in tapered form.
This technique is suitable only if the total amount of taper required does not exceed
50 mm in the length of the pile. To insert a special tapered pile within a panel it
will of course be necessary to extract a pair of piles from the panel. Typical
examples of correction techniques are shown in Fig. 3.3.8.
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WATER JETTING

In soft and silty subsoils the installation of steel sheet piles can be assisted by
using high-pressure water jetting to the sides and toes of the piles. The jets should
be positioned in the troughs of the piles and to both sides of the section. In very
soft subsoils this method can sometimes be so effective that the assistance of a
driving hammer is not required. To ensure that the pile finally penetrates into an
undisturbed layer of subsoil the last few metres or so of driving should be carried
out without jetting.

ACCESS

Access in the form of a working platform to the heads of sheet piles is often
necessary during installation to locate adjacent piles, to position and attach the
driving hammer, and to carry out inspections of the work in progress. Suitable
means of access are:

independent scaffolding;

suspended cradle (see Fig. 3.3.7);

mobile platform mounted on a hydraulic arm;

working platform in the form of a cage suspended from a mobile crane and
hooked onto the pile heads (see Fig. 3.3.8).

EXTRACTION OF PILES

Piles that are used in temporary works should have well-greased interlocking
joints to enable them to be extracted with ease. Inverted double-acting hammers
can be used to extract sheet piles, but these have generally been superseded by
specially designed sheet pile extractors. These usually consist of a compressed-
air- or steam-activated ram giving between 120 and 200 upward blows per
minute, which causes the jaws at the lower end to grip the pile and force it

out of the ground.

B CAISSONS

These are box-like structures that can be sunk through ground or water to install
foundations or similar structures below the water line or table. They differ from
cofferdams in that they usually become part of the finished foundation or structure,
and should be considered as an alternative to the temporary cofferdam if the
working depth below the water level exceeds 18.000 m. The design and installation
of the various types of caisson are usually the tasks of a specialist organisation, but
building contractors should have a fundamental knowledge of the different types
and their uses.
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There are four basic types of caisson in general use:

box caissons;

open caissons;

monolithic caissons;

pneumatic or compressed-air caissons.

BOX CAISSONS

These are prefabricated precast concrete boxes that are open at the top and closed at
the bottom. They are usually constructed on land, and are designed to be launched
and floated to the desired position, where they are sunk onto a previously prepared
dredged or rock blanket foundation (see Fig. 3.3.9). If the bed stratum is unsuitable
for the above preparations it may be necessary to lay a concrete raft, by using
traditional cofferdam techniques, onto which the caisson can be sunk. During
installation it is essential that precautions are taken to overcome the problems

of flotation by flooding the void with water or adding kentledge to the caisson
walls. The sides of the caisson will extend above the water line after it has been
finally positioned, providing a suitable shell for such structures as bridge piers,
breakwaters and jetties. The void is filled with in-situ concrete placed by pump,
tremie pipe or crane and skip. Box caissons are suitable for situations where the
bed conditions are such that it is not necessary to sink the caisson below the
prepared bed level.

OPEN CAISSONS

Sometimes referred to as cylinder caissons because of their usual plan shape,
these are of precast concrete and open at both the top and bottom ends, with a
cutting edge to the bottom rim. They are suitable for installation in soft subsoils
where the excavation can be carried out by conventional grabs, enabling the caisson
to sink under its own weight as the excavation proceeds. These caissons can be
completely or partially pre-formed; in the latter case further sections can be added
or cast on as the structure sinks to the required depth. When the desired depth has
been reached a concrete plug in the form of a slab is placed in the bottom by tremie
pipe to prevent further ingress of water. The cell void can now be pumped dry and
filled with crushed rocks or similar material if necessary to overcome flotation
during further construction works.

Open caissons can also be installed in land if the subsoil conditions are suitable.
The shoe or cutting edge is formed so that it is wider than the wall above to create
an annular space some 75 to 100 mm wide into which a bentonite slurry can be
pumped to act as a lubricant and thus reduce the skin friction to a minimum.
Excavation is carried out by traditional means within the caisson void, the caisson
sinking under its own weight. The excavation operation is usually carried out
simultaneously with the construction of the caisson walls above ground level
(see Fig. 3.3.10).
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MONOLITHIC CAISSONS

These are usually rectangular in plan and are divided into a number of voids

or wells through which the excavation is carried out. They are similar to open
caissons but have greater self-weight and wall thickness, making them suitable
for structures such as quays, which may have to resist considerable impact forces
in their final condition.

PNEUMATIC OR COMPRESSED-AIR CAISSONS

These are similar to open caissons except that there is an airtight working chamber
some 3.000 m high at the cutting edge. They are used where difficult subsoils exist
and where hand excavation in dry working conditions is necessary. The working
chamber must be pressurised sufficiently to control the inflow of water and/or

soil and at the same time provide safe working conditions for the operatives. The
maximum safe working pressure is usually specified as 310 kN/m?, which will limit
the working depth of this type of caisson to about 28.000 m. When the required
depth has been reached the floor of the working chamber can be sealed over with

a 600 mm thick layer of well-vibrated concrete. This is followed by further well-
vibrated layers of concrete until only a small space remains, which is pressure-
grouted to finally seal the working chamber. The access shafts are finally sealed
with concrete some three to four days after sealing off the working chamber: for
typical details see Fig. 3.3.11.
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TUNNELLING AND CULVERTS

A tunnel may be defined as an artificial underground passage. Tunnels have
been used by man as a means of communication or for transportation for several
thousand years. Prehistoric man is known to have connected his natural cave
habitats by tunnels hewn in the rock. A Babylonian king circa 2180—-2160 BC
connected his royal palace to the Temple of Jupiter on the opposite bank of the
Euphrates by a brick-arched tunnel under the river. Other examples of early
tunnels are those hewn in the rock in the tomb of Mineptah at Thebes in Egypt,
and the early Greek tunnel, constructed about 687 BC, used for conveying water on
the Island of Samos.

The majority of these early tunnels were constructed in rock subsoils and
therefore required no permanent or temporary support. Today, tunnelling in
almost any subsoil is possible. Permanent tunnels for underground railways and
roads can be lined with metal and/or concrete, but such undertakings are the
province of the civil engineer. The general building contractor would normally
be involved only with temporary tunnelling for the purposes of gaining access to
existing services or installing new services, constructing small permanent tunnels
for pedestrian subways under road or railway embankments, or forming permanent
tunnels for services.

When the depth of a projected excavation is about 6.000 m the alternative of
working in a heading or tunnel should be considered, taking the following factors
into account:

m Nature of subsoils The amount of timbering that will be required in the
tunnel as opposed to that required in deep trench excavations.

m Depth of excavation Over 9.000 m deep it is usually cheaper to tunnel or use
one of the alternative methods such as thrust boring. The cover of ground over a
tunnel to avoid disturbance of underground services, roads, pavings and tree
roots is generally recommended to be 3.000 m minimum.
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m Existing services In urban areas buried services can be a problem with open
deep-trench excavations; this can generally be avoided by tunnelling techniques.

m Carriageways It may be deemed necessary to tunnel under busy roads to
avoid disturbance of the flow of traffic.

m Means of access The proposed tunnel may be entered by means of an open
trench if the tunnel excavation is into an embankment or access may be gained by
way of a shaft.

m Construction Regulations The Construction (Health, Safety and Welfare)
Regulations 1996 establish the need for a safe place of work for the protection
of operatives working in excavations, shafts and tunnels, covering such aspects
as temporary timbering, supervision of works, and means of egress in case of
flooding. Regulations 23 to 27 deal with site-wide issues such as ventilation of
excavations and provision of adequate lighting.

m Confined Spaces Regulations 1997 Regulation 1 includes reference to any
‘chamber, tank, vat, silo, pit, trench, pipe, sewer, flue, well or other similar place’
as enclosed situations with foreseeable risks. Tunnels and culverts can apply to
many of these categories: therefore Regulations 3 (Duties), 4 (Work in confined
spaces) and 5 (Emergency arrangements) are applicable.

m Work at Height Regulations 2005 Work at height means work in any place.
This includes a workplace at or below ground, i.e. tunnels and culverts. Access
to or egress from that place of work by suitable means is a specific requirement.

B SHAFTS

These are by definition vertical passages, but in the context of building operations
they can also be used to form the excavation for a deep isolated base foundation.
In common with all excavations, the extent and nature of the temporary support
or timbering required will depend upon:

subsoil conditions encountered;

anticipated ground and hydrostatic pressures;
materials used to provide temporary support;
plan size and depth of excavation.

In loose subsoils a system of sheet piling could be used by driving the piles ahead
of the excavation operation. This form of temporary support is called a cofferdam
and is explained in the preceding chapter.

Alternatives to the cofferdam techniques for shaft timbering are tucking
framing and pile framing (see Chapter 3.2). These methods consist of driving
short timber runners, 1.000 to 2.000 m long, ahead of the excavation operation and
then excavating and strutting within the perimeter of the runners. The process is
repeated until the required depth has been reached. It is essential with all drive and
dig methods that the depth to which the runner has been driven is in excess of the
excavation depth at all times. The installation of tucking framing and pile framing
in shafts is as described for deep trench timbering (see Fig. 3.2.2). Both tucking
framing and pile framing have the advantages over sheet piling of not requiring
large guide trestles and heavy driving equipment.
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In firm subsoils the shaft excavation would be carried out in stages of 1.000 to
2.000 m deep according to the ability of the subsoil to remain stable for short periods.
Each excavated stage is timbered before proceeding with the next digging operation.
The sides of the excavated shaft can be supported by a system of adequately braced
and strutted poling boards (see Figs 3.4.1 and 3.4.2). Sometimes a series of crossbeams
are used at the head of the shaft timbering to reduce the risk of the whole
arrangement sliding down the shaft as excavation work proceeds at the lower levels.

Shafts are usually excavated square in plan with side dimensions of 1.200 to
3.000 m, depending on:

total depth required;

method of timbering;

sizes of support lining to save unnecessary cutting to width;
number of operatives using or working within the shaft;
size of skip or container to be used for removing spoil;

type of machinery used for bulk excavation.

If the shaft is for the construction of an isolated base then an access or ladder bay
should be constructed. This bay would be immediately adjacent to the shaft and of
similar dimensions, making in plan a rectangular shaft. The most vulnerable point
in any shaft timbering is the corners, where high pressures are encountered, and
these positions should be specially strengthened by using corner posts or runners
of larger cross-section (see Fig. 3.4.1).

M TUNNELS

The operational sequence of excavating and timbering a tunnel or heading by
traditional methods is as follows:

1. In firm soils excavate first 1.000 m long stage or bay; if weak subsoil is
encountered it may be necessary to drive head boards and lining boards as the
first operation.

2. Head boards 1.000 m long are placed against the upper surface.

3. Sole plate and stretcher are positioned; these are partly bedded into the ground
to prevent lateral movement and are levelled through from stretcher to stretcher.

4. Cut and position head tree.

5. Cut side trees or struts to fit tightly between sole plate and head tree and wedge
into position.

6. Secure frames using wrought iron dogs, spikes and cleats as required.

7. Excavate next stage or bay by starting at the top and taking out just enough soil
to allow the next set of head boards to be positioned.

8. If loose subsoils are encountered it will be necessary to line the sides with driven
or placed horizontal poling boards as the work proceeds (see Figs 3.4.2 and 3.4.3).

After the construction work has been carried out within the tunnel it can be backfilled
with hand-compacted material, extracting the timbering as the work proceeds. This
method is time consuming and costly; the general procedure is to backfill the tunnel
with pumped concrete and leave the temporary support work in position.



182 Advanced Construction Technology

225 x 75 corner posts
225 x 38 poling boards or runners

7 N N

75 x 50 150 x 50 \
straining > bracing

225 x 75
walings at
1.000 centres
piece )
J — 225 x 75 puncheons
between walings
|
Pages or
wedges
A4 . . WI dogs
§>Y 7N /
| 1.200 to 3.000 square |
~ il
150 x 150 corner posts
225 x 38 poling boards or runners
z
\‘_; A\_‘ M w \
'\\II\:%’I AN\ 72 7 AN\ \ S # N\ \ ¥ \\\{\\
Y N
‘ - 0800 ] \
s 4
‘45 = 4— 150 x 150
W 150 x 75 cleats walings at
Pages s fixed to walings 1.000 centres
as 7
required /“;n
\S 225 x 50 lacings % ><
& or hangers >
7P alternative: ’
\‘5 150 x 150 puncheons
E between walings
b
s {
\», | vr0000.)
;
4

A I‘IIII NN\ IITI. NN\ SIS \\\‘\\\ Illll

\‘v \\ %

1.200 to 3.000 square

'y

\/>£

I

Figure 3.4.1 Shaft timbering: typical plans



Tunnelling and culverts 183

225 x 38 poling boards
left projecting to
L form safety barrier

> 1.000

NN R,

Firm soil

P

N NN NN NN N N S N NN NN,
lfi
NI

150 x 150 corner post

| | 150 x 150 walings

225 x 38 lacing boards

150 x 75 cleats

— 225 x 50 head boards

— 225 x 75 head trees

Distance pieces or chocks

1.500

Head board being
driven

WI dogs
| | > N N

fe—
|

225 x 75 sole piece 1.000

225 x 75 side trees or props —

Tunnel
225 x 75 stretchers heading
225 x 38 side linings or poling boards — —— WIfixing spike

Figure 3.4.2 Typical shaft and tunnel timbering



184  Advanced Construction Technology
1.500 to 2.100

— 225 x 50 head boards or spiles

Drivi Distance pieces
rving or chocks

space —

AN s

NN\ 7% /k% W0 NNNNN\N\\ ZJ0/00% \
|71 !

|

]
OO

[ \
[

L 225 x 75 head trees
at 1.000 centres

WI dogs

N NN |

4—— 225 x 75 side trees or props
at 1.000 centres cut tight and

NGNS

N
§ g
1
S \
N
p=4 é, wedged into position >
STz
8 2 %
o 7
2 % - : \
- 225 x 38 lining or poling
boards if required
P
<Y - 7
% Pages as required
9; -
WI fixing spikes
é or cleats >
A
S\ | | NN

NN

|

|

;
&

ASNZZS 777 SNZ7#S

— 225 x 75 sole piece
embedded into
tunnel floor

225 x 75 stretchers
embedded into tunnel
floor to prevent

lateral movement

Figure 3.4.3 Typical section through tunnel timbering

N



Tunnelling and culverts 185

B ALTERNATIVE METHODS

Where the purpose of the excavation is the installation of pipework, alternative
methods to tunnelling should be considered.

SMALL-DIAMETER PIPES

Two methods are available for the installation of small pipes up to 200 mm diameter:

® Thrustboring A bullet-shaped solid metal head is fixed to the leading end of the
pipe to be installed and is pushed or jacked into the ground, displacing the earth.
® Auger boring This is carried out with a horizontal auger boring tool
operating from a working pit having at least 2.400 m long x 1.500 m wide clear
dimensions between any temporary supporting members. The boring operation
can be carried out without casings, but where the objective is the installation
of services, concrete or steel casings are usually employed. The auger removes
the spoil by working within the bore of the casing, which is being continuously
rammed or jacked into position. It is possible to use this method for diameters
of up to 1.000 m.

PIPE JACKING

This method can be used for the installation of pipes from 150 to 3,600 mm
diameter but is mainly employed on the larger diameters of over 1.000 m. Basically
the procedure is to force the pipes into the subsoil by means of a series of hydraulic
jacks, and excavate, as the driving proceeds, from within the pipes by hand or
machine according to site conditions. The leading pipe is usually fitted with a steel
shield or hood to aid the driving process. This is a very safe method, because the
excavation work is carried out from within the casing or liner and the danger of
collapsing excavations is eliminated; there is also no disruption of the surface or
underground services, and it is a practical method for most types of subsoil.

The most common method is to work from a jacking or working pit, which is
formed in a similar manner to traditional shafts except that a framed thrust pad is
needed from which to operate the hydraulic jacks. The working pit must be large
enough for the jacks to be extended and to allow for new pipe sections to be lowered
into the working bay at the bottom (see Fig. 3.4.4).

Pipe jacking can also be carried out from ground level, and is particularly suitable
for driving pipes through an embankment to form a pedestrian subway. A series of
300 mm diameter lined augered boreholes are driven through the embankment to
accommodate tie bars, which are anchored to a bulkhead frame on the opposite side
of the embankment. The reactions from the ramming jacks are thus transferred
through the tie bars to the bulkhead frame, and the driving action becomes one of
pushing and pulling (see Fig. 3.4.5). In firm soils the rate of bore by this method is
approximately 3.000 m per day.

Pipes can also be jacked, from ground level, into the earth at a gradient of up
to 1:12 using a jacking block attached to a row of tension piles sited below the
commencing level.
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M PIPES

The pipes used in the above techniques are usually classified in diameter ranges thus:

® Small pipes 150 to 900 mm diameter: thrust or auger bored.
® Medium pipes 900 to 1,800 mm diameter: pipe-jacking techniques.
m Large pipes 1,800 to 3,600 mm diameter: pipe-jacking techniques.

Two materials are in common use for the pipes: concrete and steel. Spun concrete
pipes are specially designed with thick walls, and have a rubber joint, making them
especially suitable for sewers without the need for extra strengthening. Larger-diameter
pipes for pedestrian subway constructions are usually made of cast concrete and can
have special bolted connections making the joints watertight, which also renders them
suitable for use as sewer pipes. Steel pipes have a wall thickness relative to their
diameter, and usually have welded joints to give high tensile strength, the alternative
being a flanged and bolted joint. They are obtainable with various coatings and
linings to meet special requirements such as corrosive-bearing effluents.

B CULVERTS

A culvert is a box, conduit or pipe of large cross-section usually used to convey
pedestrians, water (foul or surface) or services in general under a road, canal or
some other elevated construction. Figure 3.4.5 illustrates the concept, using precast
concrete pipes under a railway embankment. In the true principle of culvert
construction, a void for the pipe would be excavated and covered after the pipes were
placed, thus differentiating the process from tunnelling. In practice this may not always
be convenient or cost-effective: hence the preference for tunnelling in some situations.

The cut and cover technique involves considerable excavation, with sides
usually temporarily restrained by interlocking sheet piles or steel trench sheeting.
Groundwater controls may also be required, particularly if /n-situ concrete is
specified as the culvert material.

CONSTRUCTION

W in-silu concrete;
B n-situ concrete base with precast concrete crown;
B precast concrete.

See Fig. 3.4.6.

PRECAST CONCRETE BOX CULVERTS

These have proved the most popular specification for culverts, with manufacturers
producing them in a wide range of sizes from about 1.000 to 4.000 m in width, 0.500
to 2.500 m in depth and in standard lengths of 1.000, 1.500 and 2.000 m to suit a
variety of applications. These include subways, stream crossings, animal (badger)
crossings, sewers and sea outfalls. They are not limited to horizontal use, and may also
be used as vertical access shafts. Concrete is normally from ordinary Portland cement,
but if aggressive soils are encountered, sulphate-resisting cement can be specified.
Mild steel reinforcement with a minimum concrete cover of 30 mm is standard.
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Application

Site delivery and installation should be carefully planned to coordinate hire of suitable
plant and operatives. Following excavation, a bed or foundation must be prepared
from well-compacted selected granules of about 225 mm total thickness. This is
levelled to suit the situation, or placed on a slight incline for drainage purposes.
Projecting reinforcement loops or purpose-made threaded sockets provide crane
lifting gear attachments for the box units. After placing and levelling the first unit,
second and subsequent units are lowered and positioned for jointing. Pre-primed
spigot and socket rebated joints are fitted with a mastic jointing strip or gasket-
bonded to the socket as shown in Fig. 3.4.7. If preferred, and site conditions permit,
the joints may be sealed with waterproof cement and sand mortar.

With the first unit restrained, second and subsequent units have their weight
partially supported while tensioners draw the spigots into opposing sockets to compress
the jointing material/gasket (see Fig. 3.4.7). Care must be taken to ensure that the
joints remain clean, and that the bedding granules are excluded during this process.

Tensioner. bolted PCC box unit
to box unit { Anchor bolted

to box unit
First unit
l— restrained

!
S
o
r T L /
Voids in granular Threaded sockets for
bed to avoid joints handling loops and
application of tensioner
Laying and jointing
’r Primed joint surfaces
Spigot b o ;
il Socket

+— 5to 10 mm
Compressed mastic —
jointing gasket
in spigot recess 75 mm
Joint detail

Figure 3.4.7 Precast concrete box unit culvert









UNDERPINNING

The main objective of underpinning is to transfer the load carried by an existing
foundation from its present bearing level to a new level at a lower depth. It can also
be used to replace an existing weak foundation.

Underpinning may be necessary for one or more of the following reasons:

m Asaremedy for:

uneven loading;

unequal resistance of the subsoil;

action of tree roots;

action of subsoil water;

cohesive soil settlement;

deterioration of foundation concrete.

m To increase the loadbearing capacity of a foundation, which may be required to
enable an extra storey to be added to the existing structure or if a change of use
would increase the imposed loadings.

B As a preliminary operation to lowering the adjacent ground level when
constructing a basement at a lower level than the existing foundations of the
adjoining structure or when laying deep services near to or below the existing
foundations.

"W SITE SURVEY AND PRELIMINARY WORKS

Before any underpinning is commenced the following surveying and preliminary
work should be carried out:

1. Notice should be served to the adjoining owners, setting out in detail the
intention to proceed with the proposed works and giving full details of any
proposed temporary supports such as shoring.
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2. A detailed survey of the building to be underpinned should be made, recording
any defects or cracks, supplemented by photographs and agreed with the
building owner where possible.

3. Glass slips or ‘telltales’ should be fixed across any vertical or lateral cracks to give
a visual indication of any further movement taking place.

4. A series of check levels should be taken against a reliable datum; alternatively
metal studs can be fixed to the external wall and their levels noted. These levels
should be checked periodically as the work proceeds to enable any movements to
be recorded and the necessary remedial action taken.

5. Permission should be obtained, from the adjoining owner, to stop up all flues
and fireplaces to prevent the nuisance and damage that can be caused by
falling soot.

6. If underpinning is required to counteract unacceptable settlement of the existing
foundations an investigation of the subsoil should be carried out to determine the
cause and to forecast any future movement so that the underpinning design will
be adequate.

7. The loading on the structure should be reduced as much as possible by removing
imposed floor loads and installing any shoring that may be necessary.

B WALL UNDERPINNING

Traditional underpinning to walls is carried out by excavating in stages alongside
and underneath the existing foundation, casting a new foundation, building up to
the underside of the existing foundation in brickwork or concrete, and finally
pinning between the old and new work with a rich dry mortar.

To prevent the dangers of fracture or settlement the underpinning stages or bays
should be kept short and formed to a definite sequence pattern so that no two bays
are worked consecutively. This will enable the existing foundation and wall to arch
or span the void created underneath prior to underpinning. The number and length
of the bays will depend upon the following factors:

total length of wall to be underpinned,;

width of existing foundation;

general condition of existing substructure;
superimposed loading of existing foundation;
estimated spanning ability of existing foundation;
subsoil conditions encountered.

The generally specified maximum length for bays used in the underpinning of
traditional wall construction is 1.500 m, with the proviso that at no time should the
sum total of unsupported lengths exceed 25% of the total wall length.

Bays are excavated and timbered as necessary, after which the bottom of the
excavation is prepared to receive the new foundation. To give the new foundation
strip continuity, dowel bars are inserted at the end of each bay. Brick and concrete
block underpinning is toothed at each end to enable the bonding to be continuous,
whereas in-situ concrete underpinning usually has splice bars or dowels projecting
to provide the continuity. Brickwork would normally be in a dense clay common
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brick bedded in 1:3 cement mortar laid in English bond for strength. Concrete
blockwork should meet manufacturers’ specifications for foundations and have a
compressive strength of 7 N/mm?, or preferably 10 N/mm? Concrete used in
underpinning is usually specified as a 1:2:4/20 mm aggregate mix (C20) using
rapid-hardening cement. The final pinning mix should consist of 1 part rapid-
hardening cement to 3 parts of well graded fine aggregate from 10 mm down to
fine sand with a water/cement ratio of .35. In both methods the projection of
the existing foundation is cut back to the external wall line so that the loads are
transmitted to the new foundation and not partially dissipated through the
original foundation strip onto the backfill material (see Fig. 4.1.1).

B PRETEST METHOD OF UNDERPINNING

This method is designed to prevent further settlement of foundations after
underpinning has been carried out by consolidating the soil under the new
foundation before the load from the underpinning is applied. The perimeter of the
wall to be underpinned is excavated in stages as described for wall underpinning,
the new foundation strip is laid, and a hydraulic jack supporting a short beam is
placed in the centre of the bay under the existing foundation. A dry mortar mix is
laid between the top of the beam and the existing foundation, and before it has
finally set the jack is extended to give a predetermined load on the new foundation,
thus pretesting the soil beneath.

This process is repeated along the entire underpinning length until the whole
wall is being supported by the hydraulic jacks. Underpinning is carrie<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>